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OLEAGINOUS MICROORGANISMS AND
USES OF SAME

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with government support under
DE-FC02-07ER64494 awarded by the U.S. Department of
Energy. The government has certain rights in the invention.

FIELD OF THE INVENTION

The invention is directed to modified microorganisms
configured for enhanced production of lipid and lipid-
associated bioproducts and methods of using same.

BACKGROUND

Lipids derived from bacteria, yeast, and microalgae offer
a promising source of renewable fuels and chemicals. These
sources can offset petroleum usage and reduce CO, emis-
sions (Liang et al. 2013, Sawangkeaw et al. 2013). A major
challenge to producing microbial replacements for oils that
are cost-competitive with petroleum products is increasing
the yield of these lipids, which are energetically expensive
for cells to produce and thus tightly regulated (Zhang et al.
2010, Levering et al. 2015). One approach for microbial oil
production is the use of oleaginous microorganisms, defined
as those accumulating over 20% of their dry cell weight
(DCW) as lipid (Liang et al. 2013). However, even though
very high oil content (up to 90%) can be observed under
some experimental conditions, lipid content is usually not
high under nutrient replete conditions (Levering et al. 2015,
Kosa et al. 2011). Genetic and process engineering strategies
are being investigated to further increase the biomass lipid
content and yield of oleaginous microorganisms (Liang et al.
2013, Kosa et al. 2011). However, although biosynthetic
pathways for fatty acids and lipids are well understood in
some microorganisms, identifying and bypassing the mecha-
nisms regulating lipid accumulation in oleaginous strains
remains a challenge (Blatti et al. 2013, Levering et al. 2015,
Liang et al. 2013).

An alternative approach to increasing lipid production in
microorganisms is transgenically engineering lipogenic
pathways into non-oleaginous, but robust and genetically
tractable hosts (d’Espaux et al. 2015). Many enzymes that
convert fatty acids, or pathway intermediates, into products
with desirable fuel properties have been investigated for
their potential use in non-oleaginous microorganisms (Steen
etal. 2010, Schirmer et al. 2010, Goh et al. 2012, Kalscheuer
et al. 2006, Choi et al. 2013, Feng et al. 2015). However,
achieving industrially relevant lipid production levels and
yields can require genetic and metabolic engineering steps
that are not feasible in many hosts (d’Espaux et al. 2015).

Mechanisms for increasing production of lipids and lipid-
associated bioproducts in microorganisms, particularly in
non-oleaginous microorganisms, are needed.

SUMMARY OF THE INVENTION

One aspect of the invention is directed to microorganisms
with modifications that exhibit enhanced lipid production
with respect to corresponding microorganisms that do not
contain the modifications.

Some versions are directed to a recombinant microorgan-
ism. The recombinant microorganism comprises one or
more modifications with respect to a corresponding micro-
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2

organism not comprising the one or more modifications. The
one or more modifications are selected from the group
consisting of: a modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the corre-
sponding microorganism; a modification that reduces the
activity of RSP2840 or a homolog thereof with respect to the
corresponding microorganism; a modification that reduces
the activity of RSP3218 or a homolog thereof with respect
to the corresponding microorganism; a modification that
reduces the activity of RSP1056 or a homolog thereof with
respect to the corresponding microorganism; a modification
that reduces the activity of RSP1200 or a homolog thereof
with respect to the corresponding microorganism; a modi-
fication that reduces the activity of RSP1422 or a homolog
thereof with respect to the corresponding microorganism; a
modification that reduces the activity of RSP0355 or a
homolog thereof with respect to the corresponding micro-
organism; a modification that reduces the activity of
RSP2545 or a homolog thereof with respect to the corre-
sponding microorganism; a modification that reduces the
activity of RSP2544 or a homolog thereof with respect to the
corresponding microorganism; a modification that reduces
the activity of RSP2543 or a homolog thereof with respect
to the corresponding microorganism; a modification that
reduces the activity of RSP2745 or a homolog thereof with
respect to the corresponding microorganism; a modification
that reduces the activity of RSP2293 or a homolog thereof
with respect to the corresponding microorganism; a modi-
fication that reduces the activity of RSP2839 or a homolog
thereof with respect to the corresponding microorganism; a
modification that reduces the activity of RSP0334 or a
homolog thereof with respect to the corresponding micro-
organism; a modification that reduces the activity of
RSP0333 or a homolog thereof with respect to the corre-
sponding microorganism; a modification that reduces the
activity of RSP0332 or a homolog thereof with respect to the
corresponding microorganism; a modification that reduces
the activity of RSP0331 or a homolog thereof with respect
to the corresponding microorganism; a modification that
reduces the activity of RSP0330 or a homolog thereof with
respect to the corresponding microorganism; a modification
that reduces the activity of RSP0335 or a homolog thereof
with respect to the corresponding microorganism; a modi-
fication that reduces the activity of RSP3540 or a homolog
thereof with respect to the corresponding microorganism; a
modification that reduces the activity of RSP3539 or a
homolog thereof with respect to the corresponding micro-
organism; a modification that reduces the activity of
RSP3538 or a homolog thereof with respect to the corre-
sponding microorganism; a modification that reduces the
activity of RSP2095 or a homolog thereof with respect to the
corresponding microorganism; a modification that reduces
the activity of RSP6038 or a homolog thereof with respect
to the corresponding microorganism; a modification that
reduces the activity of RSP2097 or a homolog thereof with
respect to the corresponding microorganism; a modification
that reduces the activity of RSP2098 or a homolog thereof
with respect to the corresponding microorganism; a modi-
fication that reduces the activity of RSP2099 or a homolog
thereof with respect to the corresponding microorganism; a
modification that reduces the activity of RSP2100 or a
homolog thereof with respect to the corresponding micro-
organism; a modification that reduces the activity of
RSP2101 or a homolog thereof with respect to the corre-
sponding microorganism; a modification that reduces the
activity of RSP2111 or a homolog thereof with respect to the
corresponding microorganism; a modification that reduces
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the activity of RSP2112 or a homolog thereof with respect
to the corresponding microorganism; a modification that
reduces the activity of RSP2113 or a homolog thereof with
respect to the corresponding microorganism; a modification
that reduces the activity of RSP2916 or a homolog thereof
with respect to the corresponding microorganism; and a
modification that increases the activity of RSP1860 or a
homolog thereof with respect to with respect to the corre-
sponding microorganism. The microorganism may comprise
two or more of the one or more modifications. The micro-
organism may comprise three or more of the one or more
modifications. The one or more modifications can be com-
bined in any combination.

In some versions, the homolog of each of RSP2839,
RSP2840, RSP3218, RSP1056, RSP1200, RSP1422,
RSP0355, RSP2545, RSP2544, RSP2543, RSP27453,
RSP2293, RSP2839, RSP0334, RSP0333, RSP0332,
RSP0331, RSP0330, RSP0335, RSP3540, RSP3539,
RSP3538, RSP2095, RSP6038, RSP2097, RSP2098,
RSP2099, RSP2100, RSP2101, RSP2111, RSP2112,

RSP2113, RSP2916, and RSP1860 is an ortholog thereof,
and the homolog of RSP1860 is an ortholog of RSP1860,
comprises or encodes a sequence at least 95% identical to
the amino acid sequence of RSP1860, or comprises or
encodes a sequence at least 95% identical to the amino acid
sequence of the ortholog of RSP1860.

In some versions, the recombinant microorganism exhib-
its enhanced lipid secretion with respect to the correspond-
ing microorganism.

In some versions, the one or more modifications comprise
a modification selected from the group consisting of the
modification that reduces the activity of the RSP2839 or
homolog thereof, the modification that reduces the activity
of the RSP2840 or homolog thereof, and the modification
that reduces the activity of the RSP1200 or homolog thereof.

In some versions, the one or more modifications comprise
the modification that reduces the activity of the RSP2839 or
homolog thereof and the modification that reduces the
activity of the RSP2840 or homolog thereof.

In some versions, the homolog of RSP2839 is an NtrY and
the homolog of RSP2840 is an NtrX.

In some versions, the recombinant microorganism further
comprises one or more modifications that reduce the activity
of one or more of an acyl-CoA dehydrogenase, an enoyl-
CoA hydratase, a 3-hydroxyacyl-CoA dehydrogenase, and a
3-ketoacyl-CoA thiolase and/or increase the activity of one
or more of an acyl-CoA synthetase, an acetyl-CoA carboxy-
lase, an acetyl CoA:ACP transacylase, a malonyl CoA:ACP
transacylase, a (3-ketoacyl-ACP synthase, a 3-ketoacyl-
ACP reductase, a 3-hydroxyacyl-ACP dehydrase, an enoyl-
ACP reductase, a glycerol-3-phosphate acyltransferase, and
a 1-acylglycerol-3-phosphate acyltransferase with respect to
the corresponding microorganism.

In some versions, the recombinant microorganism com-
prises one or more modifications that reduce the activity of
RSP0382 or a homolog thereof with respect to the corre-
sponding microorganism.

In some versions, the recombinant microorganism further
comprises a recombinant gene configured to express a
lipid-associated protein.

In some versions, the one or more modifications com-
prises one or more recombinant genes configured to express
one or more of RSP2144 or a homolog thereof, RSP1091 or
a homolog thereof, and RSP1090 or a homolog thereof; a
modification that disrupts binding between ChrR and o or
homologs thereof; a modification that increases expression
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of o or a homolog thereof; and/or a modification that
eliminates from the microorganism a native ChrR or
homolog thereof.

In some versions, the corresponding microorganism is a
non-oleaginous microorganism.

In some versions, the recombinant microorganism is a
bacterium, such as a microorganism from the genus Rko-
dobacter.

In some versions, the recombinant microorganism exhib-
its at least a 2-fold enhanced lipid production with respect to
the corresponding microorganism when the recombinant
microorganism and the corresponding organism are grown
under aerobic conditions, is capable of producing at least 1
g/L lipid, and/or is capable of producing lipids in an amount
of at least 20% (w/w) dry cell weight.

Another aspect of the invention is directed to methods for
producing bioproducts such as lipids, proteins, or other
classes of lipid-associated organic compounds.

Some methods comprise culturing a recombinant micro-
organism of the invention in a medium for a time sufficient
to consume nutrients present in the medium and produce the
bioproduct.

In some versions, the culturing comprises periodically
adding fresh nutrients to the medium during the culturing.

In some versions, the culturing comprises culturing the
microorganism at a first level of dissolved oxygen in the
medium and adding nutrients to the medium upon detecting
an increase in the dissolved oxygen from the first level to a
second level in an amount sufficient to reduce the dissolved
oxygen from the second level to a third level.

In some versions, the medium comprises biomass hydro-
lysate.

In some versions, the nutrients comprise at least one of
glucose, xylose, succinate, lactate, and acetate.

In some versions, the bioproduct is selected from the
group consisting of a lipid, a protein, and an organic
compound.

In some versions, the organic compound comprises a
quinone.

In some versions, the culturing is conducted at least until
the microorganism produces 1 g/L lipid.

In some versions, the culturing is conducted at least until
the microorganism produces lipids in an amount of at least
20% (w/w) dry cell weight.

In some versions, the culturing is conducted under aerobic
conditions.

The objects and advantages of the invention will appear
more fully from the following detailed description of the
preferred embodiment of the invention made in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1. Fatty acid content of parent Rhodobacter spha-
eroides strain grown at high and low O, compared to
high-lipid (HL) mutants grown at high O,. Data shown
represents the mean of three or more independent cultures
sstandard deviation.

FIG. 2. Relative fitness of high-lipid (HL) mutants in the
presence of indicated compounds (A, neomycin; B, sodium
dodecyl sulfate (SDS); C, amoxicillin) compared to the
parent strain. Data shown represents the mean of three
cultures #standard deviation.
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FIG. 3. Chemical sensitivity analysis of high-lipid (HL)
mutants. Cluster A shows increased sensitivity to a group of
compounds that report on membrane integrity (*). Cluster B
shows increased sensitivity to a group of peptidoglycan
active compounds (**). The color scale indicates relative
fitness compared to the parent strain. A value of 1 (black)
indicates no change relative to the parent, <1 (blue) indicates
increased sensitivity to the compound, >1 (yellow) indicates
increased resistance to the compound.

FIG. 4. Transmission electron microscopy micrographs of
whole mounts of the parent strain (A, E) and high-lipid (HL)
mutants (B-D, F-H). The lower row of panels (E-H) shows
views of extracellular material from these strains. Similar
micrographs of the parent strain and other HL. mutants are
shown in FIGS. 5 and 6. Arrow in the inset (F) indicates a
stacked structure typical of liposomes; scale bar for this inset
panel is 50 nm.

FIG. 5. Transmission electron microscopy micrographs of
whole mounts of indicated high-lipid (HL) mutants. A and
B) HLMOS has extracellular material, irregular shaped par-
ticles of varied sizes as well as stacked structures. C)
HLMO03 and D) HLMO09 have structures extending off the
cell surface (arrows).

FIG. 6. Cell shape of high-lipid (HL) mutants HLMO04 and
HLMO07 compared to the parent strain. A-C) Transmission
electron microscopy micrographs of cell whole mounts.
D-F) Super-resolution structured illumination microscopy
images of Nile Red-stained cells. Scale bars for (D-F)
measure 1 pm.

FIG. 7. Super-resolution structured illumination micros-
copy images of Nile Red-stained parent and high-lipid (HL)
mutant cells. Representative fields are shown from images
used to measure cell dimensions. Scale bar length=2 um.

FIG. 8. Analysis of the extracellular material of parent and
high-lipid (HL) mutant strains. A) Nile red staining of the
media from parent and HL, mutant cultures. B) Fatty acid
content of cell and media fractions of parent and HL. mutant
cultures. C) Percent of total fatty acids found in media
fraction for data shown in (B). Data shown represents the
mean of three or more independent cultures =standard
deviation. P values are for the difference of each HL. mutant
compared to the parent strain.

FIG. 9. Analysis of extracellular material of HLMOL1,
HLMO02, and HLMOS for phospholipid and lipopolysaccha-
ride (LPS) content. A) Fatty acid and lipid phosphorous
levels in the media with molar ratios listed below the graph.
B) LPS content of the media, with conversion to estimated
LPS-associated fatty acids on the secondary vertical axis.
The relative contribution of LPS-associated fatty acids to the
total amount of secreted fatty acids is shown below the
graph. Data shown represents the mean of four or more
independent cultures +standard deviation.

FIG. 10. Fatty acid production by parent and HLMO02
strains in batch cultures with one of four different carbon
sources. A) Fatty acid productivity per culture volume and
B) fatty acid content as a percent of dry cell weight (DCW).
C) Fatty acid yield per carbon substrate consumed. Data
shown represents the mean of three or more independent
cultures *standard deviation.

FIG. 11. Coenzyme Q10 (CoQ10) levels in the superna-
tants from the parent strain (A0382), a strain lacking the
genes disrupted in HLMOS (A1200A0382, shown as A1200),
and a strain lacking the genes disrupted in HLMO1 and
HLMO02 (ANtrXYAO0382, shown as Antrxy).

FIG. 12. Feeding protocol for fed-batch high-density
cultures. The solid line shows culture dissolved oxygen
(DO), which is maintained at a low baseline level by
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bubbling the reactor with saturated air. Increases in DO
(seen at ~51.2 and 52.6 hours) indicate reduced metabolic
activity in the reactor, and at these times a bolus of feeding
medium is added increasing the total feeding volume (dotted
line). After feeding, the culture DO drops to baseline as
cellular respiration increases. A three hour period is shown
from a 120 hour reactor run, the illustrated process repeats
iteratively throughout the reactor incubation.

FIG. 13. Fed-batch reactor production of fatty acids by
HLMO02 mutant compared to the parent strain, grown with
xylose as a carbon source. A) Total biomass and B) fatty acid
content in the fed-batch reactor. C) Productivity of fatty
acids and D) yield of fatty acids per xylose consumed. Data
are shown from a representative bioreactor run for each
strain; error bars represent standard deviation between tech-
nical replicates.

FIG. 14. Transmission electron microscopy of whole
mounts of the HLMO2 mutant grown in the fed-batch
bioreactor. Views are shown of cells surrounded by extra-
cellular structures (A,B), and of extracellular structures only
(C,D).

DETAILED DESCRIPTION OF THE
INVENTION

One aspect of the invention is directed to recombinant
microorganisms configured for enhanced lipid production.
The recombinant microorganisms of the invention comprise
one or more modifications that reduce the activity of one or
more genes or gene products, increase the activity of one or
more genes or gene products, or reduce the activity of one
or more genes or gene products and increase the activity of
one or more genes or gene products. The recombinant
microorganisms with the modifications exhibit enhanced
lipid production with respect to corresponding microorgan-
isms not comprising the modifications.

“Modifications that reduce the activity of one or more
genes or gene products” refers to any modification to a
microorganism that decreases or ablates expression of the
gene and thus production of the gene product or decreases or
ablates the functioning of the gene product. Decreasing or
ablating the functioning of a gene product may comprise
decreasing or ablating the specific activity of a gene product.
Exemplary modifications that reduce the activity of one or
more genes or gene products include genetic modifications.
The genetic modifications include mutations to a gene that
decrease or ablate expression of the gene in producing the
gene product. Such mutations may include mutations to the
coding sequence, the promoter, an enhancer, or any other
part of the gene. The genetic mutations also include muta-
tions to the coding sequence of a gene that decrease or ablate
the functioning of a gene product expressed from the gene.
The genetic mutations also include recombinant nucleotide
sequences configured to express antisense RNAs or other
molecules that decrease or ablate production of a gene
product. The genetic modifications also include mutations to
a first gene (such as a transcription factor or an inhibitor of
a transcription factor) that affects the expression of a second
gene. Other genetic modifications are described elsewhere
herein.

“Modifications that increase the activity of one or more
genes or gene products” refers to any modification to
microorganism that increases expression of a gene in pro-
ducing its gene product or increases the functioning of the
gene product. “Increase” in this context refers to increasing
beyond a positive baseline activity or increasing beyond null
activity and thereby introducing a new activity. Exemplary
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modifications that increase the activity of one or more genes
or gene products include genetic modifications. The genetic
modifications include genetic modifications to a gene in a
manner that increases expression of the gene in producing
the gene product. Such modifications include operationally
connecting the coding sequence to a stronger promoter or
enhancer, etc., and/or introducing additional copies of the
gene (whether the native gene or a recombinant version).
The genetic modifications also include mutations to a first
gene (such as a transcription factor or an inhibitor of a
transcription factor) that affects the expression of a second
gene. The genetic modifications also include one or more
copies of a gene introduced into the microorganism. Other
genetic modifications are described herein. Any modifica-
tions described herein can comprise recombinant genes.

“Corresponding microorganism” refers to a microorgan-
ism of the same species having the same or substantially
same genetic and proteomic composition as a recombinant
microorganism of the invention, with the exception of
genetic and proteomic differences resulting from the modi-
fications described herein for the recombinant microorgan-
isms of the invention. In some versions, the corresponding
microorganism is the native version of the recombinant
microorganism of the invention, i.e., the unmodified micro-
organism as found in nature. The terms “microorganism”
and “microbe” are used interchangeably herein.

Unless explicitly stated otherwise or indicated from the
context, the designations beginning with the prefix “RSP”
(e.g., “RSP2839,” “RSP2840,” “RSP3218,” “RSP1056,”
etc.) and the term “homologs™ are used herein to refer to
both a gene coding sequence and products (such as proteins)
encoded by the coding sequence. The gene coding sequences
and products encoded thereby are collectively referred
herein to “molecular elements.” The sequences correspond-
ing to the designations beginning with the prefix “RSP” are
all publicly available and readily accessible. See Kontur
2012. An exemplary database in which the sequences can be
found is accessible via the web at img.jgi.doe.gov. The
following SEQ ID NOS correspond to the following
molecular elements in which “NT” refers to the DNA coding
sequence and “PRT” refers to the protein sequence:
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SEQ ID NO:1:
SEQ ID NO:2:
SEQ ID NO:3:
SEQ ID NO:4:
SEQ ID NO:5:
SEQ ID NO:6:
SEQ ID NO:7:
SEQ ID NO:8:
SEQ ID NO:9:
SEQ ID NO:10:
SEQ ID NO:11:
SEQ ID NO:12:
SEQ ID NO:13:
SEQ ID NO:14:
SEQ ID NO:15:
SEQ ID NO:16:
SEQ ID NO:17:
SEQ ID NO:18:
SEQ ID NO:19:
SEQ ID NO:20:
SEQ ID NO:21:
SEQ ID NO:22:
SEQ ID NO:23:
SEQ ID NO:24:
SEQ ID NO:25:
SEQ ID NO:26:

RSP0190—NT;
RSP0190—PRT;
RSP0191—NT;
RSP0191—PRT;
RSP0330—NT;
RSP0330—PRT;
RSP0331—NT;
RSP0331—PRT;
RSP0332—NT;
RSP0332—PRT;
RSP0333—NT;
RSP0333—PRT;
RSP0334—NT;
RSP0334—PRT;
RSP0335—NT;
RSP0335—PRT;
RSP0339—NT;
RSP0339—PRT;
RSPO355—NT;
RSP0355—PRT;
RSP0382—NT;
RSP0382—PRT;
RSPO579—NT;
RSP0O579—PRT;
RSPO735—NT;
RSPO735—PRT;
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SEQ ID NO:27:
SEQ ID NO:28:
SEQ ID NO:29:
SEQ ID NO:30:
SEQ ID NO:31:
SEQ ID NO:32:
SEQ ID NO:33:
SEQ ID NO:34:
SEQ ID NO:35:
SEQ ID NO:36:
SEQ ID NO:37:
SEQ ID NO:38:
SEQ ID NO:39:
SEQ ID NO:40:
SEQ ID NO:41:
SEQ ID NO:42:
SEQ ID NO:43:
SEQ ID NO:44:
SEQ ID NO:45:
SEQ ID NO:46:
SEQ ID NO:47:
SEQ ID NO:48:
SEQ ID NO:49:
SEQ ID NO:50:
SEQ ID NO:51:
SEQ ID NO:52:
SEQ ID NO:53:
SEQ ID NO:54:
SEQ ID NO:55:
SEQ ID NO:56:
SEQ ID NO:57:
SEQ ID NO:58:
SEQ ID NO:59:
SEQ ID NO:60:
SEQ ID NO:61:
SEQ ID NO:62:
SEQ ID NO:63:
SEQ ID NO:64:
SEQ ID NO:65:
SEQ ID NO:66:
SEQ ID NO:67:
SEQ ID NO:68:
SEQ ID NO:69:
SEQ ID NO:70:
SEQ ID NO:71:
SEQ ID NO:72:
SEQ ID NO:73:
SEQ ID NO:74:
SEQ ID NO:75:
SEQ ID NO:76:
SEQ ID NO:77:
SEQ ID NO:78:
SEQ ID NO:79:
SEQ ID NO:80:
SEQ ID NO:81:
SEQ ID NO:82:
SEQ ID NO:83:
SEQ ID NO:84:
SEQ ID NO:85:
SEQ ID NO:86:
SEQ ID NO:87:
SEQ ID NO:88:
SEQ ID NO:89:
SEQ ID NO:90:
SEQ ID NO:91:
SEQ ID NO:92:
SEQ ID NO:93:
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RSP0O747—NT;
RSP0747—PRT;
RSP0O892—NT;
RSP0892—PRT;
RSP1004—NT;
RSP1004—PRT;
RSP1056—NT;
RSP1056—PRT;
RSP1090—NT;
RSP1090—PRT;
RSP1091—NT;
RSP1091—PRT;
RSP1200—NT;
RSP1200—PRT;
RSP1256—NT;
RSP1256—PRT;
RSP1293—NT;
RSP1293—PRT;
RSP1354—NT;
RSP1354—PRT;
RSP1422—NT;
RSP1422—PRT;
RSP1687—NT;
RSP1687—PRT;
RSP1772—NT;
RSP1772—PRT;
RSP1860—NT;
RSP1860—PRT;
RSP2095—NT;
RSP2095—PRT;
RSP2097—NT;
RSP2097—PRT;
RSP2098—NT;
RSP2098—PRT;
RSP2099—NT;
RSP2099—PRT;
RSP2100—NT;
RSP2100—PRT;
RSP2101—NT;
RSP2101—PRT;
RSP2111—NT;
RSP2111—PRT;
RSP2112—NT;
RSP2112—PRT;
RSP2113—NT;
RSP2113—PRT;
RSP2144—NT;
RSP2144—PRT;
RSP2196—NT;
RSP2196—PRT;
RSP2197—NT;
RSP2197—PRT;
RSP2293—NT;
RSP2293—PRT;
RSP2344—NT;
RSP2344—PRT;
RSP2371—NT;
RSP2371—PRT;
RSP2461—NT;
RSP2461—PRT;
RSP2464—NT;
RSP2464—PRT;
RSP2538—NT;
RSP2538—PRT;
RSP2543—NT;
RSP2543—PRT;
RSP2544—NT;



SEQ ID NO:94:
SEQ ID NO:95:
SEQ ID NO:96:
SEQ ID NO:97:
SEQ ID NO:98:
SEQ ID NO:99:

SEQ ID NO:100:
SEQ ID NO:101:
SEQ ID NO:102:
SEQ ID NO:103:
SEQ ID NO:104:
SEQ ID NO:105:
SEQ ID NO:106:
SEQ ID NO:107:
SEQ ID NO:108:
SEQ ID NO:109:
SEQ ID NO:110:
SEQ ID NO:111:
SEQ ID NO:112:
SEQ ID NO:113:
SEQ ID NO:114:
SEQ ID NO:115:
SEQ ID NO:116:
SEQ ID NO:117:
SEQ ID NO:118:
SEQ ID NO:119:
SEQ ID NO:120:
SEQ ID NO:121:
SEQ ID NO:122:
SEQ ID NO:123:
SEQ ID NO:124:
SEQ ID NO:125:
SEQ ID NO:126:
SEQ ID NO:127:
SEQ ID NO:128:
SEQ ID NO:129:
SEQ ID NO:130:
SEQ ID NO:131:
SEQ ID NO:132:
SEQ ID NO:133:
SEQ ID NO:134:
SEQ ID NO:135:
SEQ ID NO:136:
SEQ ID NO:137:
SEQ ID NO:138:
SEQ ID NO:139:
SEQ ID NO:140:
SEQ ID NO:141:
SEQ ID NO:142:
SEQ ID NO:143:
SEQ ID NO:144:
SEQ ID NO:145:
SEQ ID NO:146:
SEQ ID NO:147:
SEQ ID NO:148:
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RSP2544—PRT;
RSP2545—NT;
RSP2545—PRT;
RSP2612—NT;
RSP2612—PRT;
RSP2712—NT;
RSP2712—PRT;
RSP2745—NT;
RSP2745—PRT;
RSP2839—NT;
RSP2839—PRT;
RSP2840—NT;
RSP2840—PRT;
RSP2915—NT;
RSP2915—PRT;
RSP2916—NT;
RSP2916—PRT;
RSP2974—NT;
RSP2974—PRT;
RSP3018—NT;
RSP3018—PRT;
RSP3062—NT;
RSP3062—PRT;
RSP3177—NT;
RSP3177—PRT;
RSP3178—NT;
RSP3178—PRT;
RSP3184—NT;
RSP3184—PRT;
RSP3218—NT;
RSP3218—PRT;
RSP3440—NT;
RSP3440—PRT;
RSP3468—NT;
RSP3468—PRT;
RSP3535—NT;
RSP3535—PRT;
RSP3538—NT;
RSP3538—PRT;
RSP3539—NT;
RSP3539—PRT;
RSP3540—NT;
RSP3540—PRT;
RSP3888—NT;
RSP3888—PRT;
RSP3970—NT;
RSP3970—PRT;
RSP6005—NT;
RSP6005—PRT;
RSP6038—NT;
RSP6038—PRT;
RSP7370—NT;
RSP7370—PRT;

RSP7647—PRT.

RSP7647—NT; and
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In some versions, the recombinant microorganisms com-
prise one or more modifications that reduce the activity of
one or more of RSP2839 or a homolog thereof, RSP2840 or
a homolog thereof, RSP3218 or a homolog thereof,
RSP1056 or a homolog thereof, RSP1200 or a homolog
thereof, RSP1422 or a homolog thereof, RSP0355 or a
homolog thereof, RSP2545 or a homolog thereof, RSP2544
or a homolog thereof, RSP2543 or a homolog thereof,
RSP2745 or a homolog thereof, and RSP2293 or a homolog
thereof, and/or one or more modifications that increase the
activity of RSP1056 or homolog thereof, with respect to a
corresponding microorganism not comprising the one or

10

more modifications. The recombinant microorganisms may
include modifications that reduce the activity of two or
more, three or more, four or more, five or more, six or more,
or seven or more of the above-referenced molecular ele-
ments. The recombinant microorganisms may include modi-
fications that reduce the activity any of the above-referenced
molecular elements in any combination. Exemplary combi-
nations include modifications that reduce the activity of
RSP2839 and RSP2840 or homologs thereof or of RSP2545,
RSP2544 and RSP2543 or homologs thereof.

The RSP2839 and RSP2840 are parts of the NtrXY
two-component signaling system, wherein RSP2839 is a
sensor histidine kinase referred to as “NtrY” and RSP2840
is the response regulator referred to as “NtrX.” The NtrXY
system is involved with regulating a set of genes upon
activation. An alternative or additional modification to
reducing the activity of RSP2839 and/or RSP2840 or any
other modification described herein is directly modifying the
expression or activity of the NtrXY target genes or products.
Accordingly, in some versions of the invention, the recom-
binant microorganisms comprise one or more modifications
that reduce the activity of one or more of RSP2839 or a
homolog thereof, RSP0334 or a homolog thereof, RSP0333
or a homolog thereof, RSP0332 or a homolog thereof,
RSP0331 or a homolog thereof, RSP0330 or a homolog
thereof, RSP0335 or a homolog thereof, RSP3540 or a
homolog thereof, RSP3539 or a homolog thereof, RSP3538
or a homolog thereof, RSP2095 or a homolog thereof,
RSP6038 or a homolog thereof, RSP2097 or a homolog
thereof, RSP2098 or a homolog thereof, RSP2099 or a
homolog thereof, RSP2100 or a homolog thereof, RSP2101
or a homolog thereof, RSP2111 or a homolog thereof,
RSP2112 or a homolog thereof, RSP2113 or a homolog
thereof, and RSP2916 or a homolog thereof; one or more
modifications that increase the activity of RSP1860 or a
homolog thereof, with respect to a corresponding microor-
ganism not comprising the one or more modifications;
and/or one or more modifications that either increase or
reduce the activity of one or more of RSP0339 or a homolog
thereof, RSP2974 or a homolog thereof, RSP0892 or a
homolog thereof, and RSP2915 or a homolog thereof. Two
or more, three or more, four or more, or five or more of the
above-referenced molecular elements may be modified for
ablated, reduced, or increased activity in the recombinant
microorganisms. The above-referenced molecular elements
may be modified in any combination within the group itself
or any other modification described herein.

The recombinant microorganisms in preferred versions of
the invention are configured to exhibit enhanced lipid secre-
tion with respect to a corresponding microorganism. The
recombinant microorganisms in such versions may include
any one or more of the modifications described herein.
Modifications that confer a remarkable enhancement in lipid
secretion include those that reduce the activity of any one or
more of RSP2839 or a homolog thereof, RSP2840 or a
homolog thereof, and RSP1200 or a homolog thereof. An
exemplary combination of the above-referenced modifica-
tions includes modifications that reduce the activity of
RSP2839 or a homolog thereof and RSP2840 or a homolog
thereof. Other combinations are within the scope of the
present invention.

Any of the above-referenced modifications may be com-
bined with modifications that inhibit the f-oxidation of fatty
acids. Exemplary modifications that inhibit the f-oxidation
of fatty acids include modifications that reduce the activity
of any one or more of an acyl-CoA dehydrogenase, an
enoyl-CoA hydratase, a 3-hydroxyacyl-CoA dehydrogenase,



US 11,008,577 B1

11

and a 3-ketoacyl-CoA thiolase. Acyl-CoA dehydrogenases,
enoyl-CoA hydratases, 3-hydroxyacyl-CoA dehydroge-
nases, and 3-ketoacyl-CoA thiolases are well known in the
art and are readily identified in any given microorganism.
Exemplary  acyl-CoA  dehydrogenases, enoyl-CoA
hydratases, 3-hydroxyacyl-CoA dehydrogenases, and 3-ke-
toacyl-CoA thiolases (acetyl-CoA C-acyltransferases)
include RSP7647, RSP3018, RSP3535, RSP3970,
RSP2196, RSP1687, RSP2197, RSP1354, and RSP3184.
Any of the above-referenced modifications may also or
alternatively be combined with modifications that promote
lipid synthesis. Exemplary modifications that promote lipid
synthesis include modifications that increase expression or
activity of any one or more of an acetyl-CoA synthetase, an
acetyl-CoA carboxylase, an acetyl CoA:ACP transacylase, a
malonyl CoA:ACP transacylase, a 3-ketoacyl-ACP syn-
thase, a 3-ketoacyl-ACP reductase, a 3-hydroxyacyl-ACP
dehydrase, an enoyl-ACP reductase, a glycerol-3-phosphate
acyltransferase, and a 1-acylglycerol-3-phosphate acyltrans-
ferase. Acyl-CoA synthetases, acetyl-CoA carboxylases,
acetyl CoA:ACP transacylases, malonyl CoA:ACP transacy-
lases,  3-ketoacyl-ACP  synthases,  3-ketoacyl-ACP
reductases, 3-hydroxyacyl-ACP dehydrases, enoyl-ACP
reductases, glycerol-3-phosphate acyltransterases, and
1-acylglycerol-3-phosphate acyltransferases are well known
in the art and are readily identified in any given microor-
ganism. Exemplary acetyl-CoA synthetases, acetyl-CoA car-
boxylases, acetyl CoA:ACP transacylases, malonyl CoA:
ACP transacylases, 3-ketoacyl-ACP synthases (3-oxoacyl-
ACP synthases), 3-ketoacyl-ACP reductases (3-oxoacyl-
ACP reductases), (3-hydroxyacyl-ACP dehydrases, enoyl-
ACP reductases, glycerol-3-phosphate acyltransferases, and

1-acylglycerol-3-phosphate acyltransferases include
RSP0579, RSP1772, RSP0190, RSP0191, RSP1293,
RSP2464, RSP2612, RSP3177, RSP3468, RSP6005,
RSP2371, RSP2461, RSP2538, RSP0747, RSP3062,
RSP3440, RSP3888, RSP2712, RSP7370, RSP3178,

RSP1256, RSP2344, RSP1004, and RSP0735. Additional
modifications may include those that increase expression or
activity of homologues of FabG that have been engineered
to improve the supply of reduced pyridine nucleotides
needed for fatty acid synthesis (RSP2461) (Javidpour et al.
2014) or homologues of FabF (RSP2464) that have been
engineered to produce fatty acids of shorter chain lengths
(Torella et al. 2013).

Any of the above-referenced modifications may also or
alternatively be combined with modifications that reduce the
production of polyhydroxybutyrate. An exemplary modifi-
cation that reduces the production of polyhydroxybutyrate is
a modification that reduces the activity of RSP0382 or a
homolog thereof.

The recombinant microorganisms of the invention may be
configured for the novel production or enhanced production
of specific lipids. Examples of such lipids include certain
straight-chain fatty acids or non-straight-chain fatty acids.
Examples of straight-chain fatty acids include omega-3 fatty
acids such as docosahexaenoic acid and omega-6 fatty acids
such as arachidonic acid. Examples of non-straight-chain
fatty acids include branched-chain fatty acids, furan-con-
taining fatty acids, and cyclic fatty acids. To make certain
non-straight-chain fatty acids, the microorganisms may
comprise any one or more of the modifications described in
US 2015/0376659 to Lemke et al., which is incorporated
herein by reference. Accordingly, the recombinant microor-
ganism may comprise one or more modifications that
increase the activity of one or more of RSP2144 or a
homolog thereof, RSP1091 or a homolog thereof, and
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RSP1090 or a homolog thereof, with respect to the corre-
sponding microorganism. Such microorganisms may com-
prise one or more recombinant genes configured to express
or overexpress one or more of the RSP2144 or homolog
thereof, the RSP1091 or homolog thereof, and the RSP1090
or homolog thereof, a modification that disrupts binding
between ChrR and o or homologs thereof; a modification
that increases expression of o or a homolog thereof; and/or
a modification that eliminates from the microorganism a
native ChrR or homolog thereof.

The recombinant microorganisms of the invention may be
configured for the novel production or enhanced production
of lipid-associated bioproducts. “Lipid-associated bioprod-
ucts” refer to products produced by microorganisms that
integrate in or associate with cellular lipids, such as mem-
branes. Examples of lipid-associates bioproducts include
certain proteins, organic compounds (such as quinones,
isoprenoids, etc.), non-organic compounds, or other prod-
ucts. The lipid-associated bioproducts may be lipid-soluble
or have lipid-soluble moieties. Lipid-associated bioproducts
that are proteins are referred to herein as “lipid-associated
proteins.” Examples of lipid-associated proteins include
various membrane proteins, such as integral membrane
proteins and peripheral membrane proteins, as well as
soluble proteins contained inside lipid-vesicles. Accord-
ingly, some microorganisms of the invention comprise one
or more recombinant genes configured to express lipid-
associated proteins. Other microorganisms of the invention
comprise one or more recombinant genes configured to
express enzymes responsible for producing lipid-associated
bioproducts.

Modifications that reduce the activity of a gene or gene
product includes any modification to a microorganism that
ablates, reduces, inhibits, or otherwise disrupts production
of a gene product, renders a produced gene product non-
functional, or otherwise reduces or ablates a produced gene
product’s activity. Accordingly, in some instances, produc-
tion of a gene product may be completely shut down. “Gene
product” refers to products such as an mRNA or a polypep-
tide encoded and produced by a particular gene. “Gene”
refers to a nucleic acid sequence capable of producing a gene
product and may include such genetic elements as a coding
sequence together with any other genetic elements required
for transcription and/or translation of the coding sequence.
Such genetic elements may include a promoter, an enhancer,
and/or a ribosome binding site (RBS), among others.

There are many well-known ways to reduce the activity of
a gene or gene product. This can be accomplished, for
example, by introducing one or more genetic modifications.
As used herein, “genetic modifications™ refer to any differ-
ences in the nucleic acid composition of a cell, whether in
the cell’s native chromosome or in endogenous or exog-
enous non-chromosomal plasmids harbored within the cell.
Examples of genetic modifications that reduce the activity of
a gene or gene product include but are not limited to
substitutions, partial or complete deletions, insertions, or
other variations to a coding sequence or a sequence con-
trolling the transcription or translation of a coding sequence,
such as placing a coding sequence under the control of a less
active promoter, etc. In some versions, a gene or coding
sequence can be replaced with a selection marker or screen-
able marker. In some versions, the genetic modifications can
include the introduction of constructs that express ribozymes
or antisense sequences that target the mRNA of the gene of
interest. Various other genetic modifications that reduce the
activity of a gene or gene product are described elsewhere
herein. Various methods for introducing genetic modifica-
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tions are well known in the art and include homologous
recombination, among other mechanisms. See, e.g., Green et
al., Molecular Cloning: A laboratory manual, 4" ed., Cold
Spring Harbor Laboratory Press (2012) and Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 3% ed., Cold
Spring Harbor Laboratory Press (2001). In some instances,
reducing the activity of a gene or gene product can be
accomplished by chemically inhibiting the activity of a gene
product with a small-molecule inhibitor, by expressing a
protein that interferes with the activity of the gene product,
or by other means.

“Increasing expression” or grammatical variants thereof
may refer to expressing a gene product not made by the
corresponding microorganism or expressing more of a gene
product already made by the corresponding microorganism.
Modifying the recombinant microorganisms to increase
expression of the gene products described herein can be
performed using any methods currently known in the art or
discovered in the future. Examples include genetically
modifying the microorganism and culturing the microorgan-
ism in the presence of factors that increase expression of the
gene product. Suitable methods for genetic modification
include but are not limited to placing the coding sequence
under the control of a more active promoter, increasing the
copy number of genes comprising the coding sequence,
introducing a translational enhancer on a gene comprising
the coding sequence (see, e.g., Olins et al. 1989), and/or
modifying factors (e.g., transcription factors or genes there-
for) that control expression of a gene comprising the coding
sequence. Increasing the copy number of genes comprising
a coding sequence can be performed by introducing one or
more additional copies of the native gene to the microor-
ganism, introducing one or more a heterologous homologs
to the microorganism, introducing one or more copies of
recombinant versions of the native gene or heterologous
homolog to the microorganism, etc. Genes expressing a
given coding sequence may be incorporated into the micro-
bial genome or included on an extrachromosomal genetic
construct such as a plasmid. “Exogenous” used in reference
to a genetic element means the genetic element is a non-
native genetic element. “Heterologous™ used in reference to
a genetic element means that the genetic element is derived
from a different species. A genetic element, such as a
promoter, that controls or affects the activity of another
genetic element, such as a coding sequence, is herein
described as being “operationally connected” thereto.

Some of the microorganisms of the invention may include
at least one recombinant nucleic acid configured to express
or overexpress a particular product. “Recombinant” as used
herein with reference to a nucleic acid molecule or poly-
peptide is one that has a sequence that is not naturally
occurring, has a sequence that is made by an artificial
combination of two otherwise separated segments of
sequence, or both. This artificial combination can be
achieved, for example, by chemical synthesis or by the
artificial manipulation of isolated segments of nucleic acid
molecules or polypeptides using genetic engineering tech-
niques. A recombinant cell or microorganism is one that
contains a recombinant nucleic acid molecule or polypep-
tide. “Overexpress” as used herein means that a particular
gene product is produced at a higher level in one cell, such
as a recombinant cell, than in a corresponding cell. For
example, a microorganism that includes a recombinant
nucleic acid configured to overexpress a gene product pro-
duces the gene product at a greater amount than a microor-
ganism of the same species that does not include the
recombinant nucleic acid.
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In general, proteins and/or protein sequences are
“homologous” when they are derived, naturally or artifi-
cially, from a common ancestral protein or protein sequence.
Similarly, nucleic acids and/or nucleic acid sequences are
homologous when they are derived, naturally or artificially,
from a common ancestral nucleic acid or nucleic acid
sequence. Homology is generally inferred from sequence
similarity between two or more nucleic acids or proteins (or
sequences thereof). The precise percentage of similarity
between sequences that is useful in establishing homology
varies with the nucleic acid and protein at issue, but as little
as 25% sequence similarity (e.g., identity) over 50, 100, 150
or more residues (nucleotides or amino acids) is routinely
used to establish homology (e.g., over the full length of the
two sequences to be compared). Higher levels of sequence
similarity (e.g., identity), e.g., 30%, 35% 40%, 45% 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99%
or more, can also be used to establish homology. Accord-
ingly, homologous sequences of the sequences described
herein include coding sequences, genes, or gene products
(e.g., proteins), respectively, having at least about 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 99% identity to the sequences described
herein. Methods for determining sequence similarity per-
centages (e.g., BLASTP and BLASTN using default param-
eters) are described herein and are generally available. The
homologous proteins should demonstrate comparable activi-
ties and, if an enzyme, participate in the same or analogous
pathways. “Orthologs” are genes or coding sequences
thereof in different species that evolved from a common
ancestral gene by speciation. Normally, orthologs retain the
same or similar function in the course of evolution. As used
herein “orthologs” are included in the term “homologs.”
Homologs also include sequences at least 90%, 95%, or 97%
or more identical to the orthologs.

For sequence comparison and homology determination,
one sequence typically acts as a reference sequence to which
test sequences are compared. When using a sequence com-
parison algorithm, test and reference sequences are input
into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are
designated. The sequence comparison algorithm then calcu-
lates the percent sequence identity for the test sequence(s)
relative to the reference sequence based on the designated
program parameters. A typical reference sequence of the
invention is any nucleic acid or amino acid sequence
described herein.

Optimal alignment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol-
ogy alignment algorithm of Needleman & Wunsch, J. Mol.
Biol. 48:443 (1970), by the search for similarity method of
Pearson & Lipman, Proc. Nat’l. Acad. Sci. USA 85:2444
(1988), by computerized implementations of these algo-
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis-
consin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual
inspection (see Current Protocols in Molecular Biology, F.
M. Ausubel et al., eds., Current Protocols, a joint venture
between Greene Publishing Associates, Inc. and John Wiley
& Sons, Inc., (supplemented through 2008)).

One example of an algorithm that is suitable for deter-
mining percent sequence identity and sequence similarity for
purposes of defining homologs is the BLAST algorithm,
which is described in Altschul et al., J. Mol. Biol. 215:403-
410 (1990). Software for performing BLAST analyses is
publicly available through the National Center for Biotech-
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nology Information. This algorithm involves first identifying
high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T
when aligned with a word of the same length in a database
sequence. T is referred to as the neighborhood word score
threshold (Altschul et al., supra). These initial neighborhood
word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits are then extended in
both directions along each sequence for as far as the cumu-
lative alignment score can be increased. Cumulative scores
are calculated using, for nucleotide sequences, the param-
eters M (reward score for a pair of matching residues;
always>0) and N (penalty score for mismatching residues;
always<0). For amino acid sequences, a scoring matrix is
used to calculate the cumulative score. Extension of the
word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maxi-
mum achieved value; the cumulative score goes to zero or
below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T, and X
determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as
defaults a wordlength (W) of 11, an expectation (E) of 10,
a cutoff of 100, M=5, N=-4, and a comparison of both
strands. For amino acid sequences, the BLASTP program
uses as defaults a wordlength (W) of 3, an expectation (E)
of 10, and the BLOSUMS62 scoring matrix (see Henikoff &
Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915).

In addition to calculating percent sequence identity, the
BLAST algorithm also performs a statistical analysis of the
similarity between two sequences (see, e.g., Karlin & Alt-
schul, Proc. Natl. Acad. Sci. USA 90:5873-5787 (1993)).
One measure of similarity provided by the BLAST algo-
rithm is the smallest sum probability (P(N)), which provides
an indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by
chance. For example, a nucleic acid is considered similar to
a reference sequence if the smallest sum probability in a
comparison of the test nucleic acid to the reference nucleic
acid is less than about 0.1, more preferably less than about
0.01, and most preferably less than about 0.001. The above-
described techniques are useful in identifying homologous
sequences for use in the methods described herein.

The terms “identical” or “percent identity”, in the context
of two or more nucleic acid or polypeptide sequences, refer
to two or more sequences or subsequences that are the same
or have a specified percentage of amino acid residues or
nucleotides that are the same, when compared and aligned
for maximum correspondence, as measured using one of the
sequence comparison algorithms described above (or other
algorithms available to persons of skill) or by visual inspec-
tion.

The phrase “substantially identical”, in the context of two
nucleic acids or polypeptides refers to two or more
sequences or subsequences that have at least about 60%,
about 65%, about 70%, about 75%, about 80%, about 85%,
about 90, about 95%, about 98%, or about 99% or more
nucleotide or amino acid residue identity, when compared
and aligned for maximum correspondence, as measured
using a sequence comparison algorithm or by visual inspec-
tion. Such “substantially identical” sequences are typically
considered to be “homologous™ without reference to actual
ancestry. Preferably, the “substantial identity” exists over a
region of the sequences that is at least about 50 residues in
length, more preferably over a region of at least about 100
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residues, and most preferably, the sequences are substan-
tially identical over at least about 150 residues, at least about
250 residues, or over the full length of the two sequences to
be compared.

Exogenous, heterologous nucleic acids encoding products
to be expressed in the microorganism are preferably codon-
optimized for the particular microorganism in which they
are introduced. Codon optimization can be performed for
any nucleic acid by a number of programs, including
“GENEGPS”-brand expression optimization algorithm by
DNA 2.0 (Menlo Park, Calif.), “GENEOPTIMIZER”-brand
gene optimization software by Life Technologies (Grand
Island, N.Y.), and “OPTIMUMGENE”-brand gene design
system by GenScript (Piscataway, N.J.). Other codon opti-
mization programs or services are well known and commer-
cially available.

Notwithstanding the above discussion, homologs of
RSP2839 may also or alternatively include genes identified
by the designation “ntrY” or corresponding designations and
proteins identified by the designation “NtrY” or correspond-
ing designations. Homologs of RSP2840 include genes
identified by the designation “ntrX” or corresponding des-
ignations and proteins identified by the designation “NtrX”
or corresponding designations. See Atack et al. 2013.

The recombinant microorganisms of the invention may
comprise any type of microorganism. The microorganism
may be prokaryotic or eukaryotic. Suitable prokaryotes
include bacteria and archaea. Suitable types of bacteria
include a- and y-proteobacteria, gram-positive bacteria,
gram-negative bacteria, ungrouped bacteria, phototrophs,
lithotrophs, and organotrophs. Suitable eukaryotes include
yeast and other fungi. Exemplary microorganisms include
those from the genus Rhodobacter, such as Rhodobacter
sphaeroides, and those from the genus Rhodopseudomonas,
such as Rhodopseudomonas palustris. In some versions of
the invention, the corresponding organism to the recombi-
nant microorganisms of the invention is a non-oleaginous
microorganism.

The recombinant microorganisms of the invention pref-
erably exhibit enhanced lipid production with respect to the
corresponding microorganism when the recombinant micro-
organism and the corresponding organism are grown under
aerobic conditions. The lipid production may be enhanced
by a factor of at least about 1.1, at least about 1.5, at least
about 2, at least about 2.5, at least about 3, at least about 3.5,
at least about 4, at least about 4.5, at least about 5, at least
about 5.5, at least about 6, or at least about 6.5 and/or up to
about 6.5, up to about 7, or more. Such increases may reflect
an increase by mass.

The recombinant microorganisms of the invention may be
configured to be capable of producing lipid in culture in an
amount of at least about 0.5 g/L, at least about 0.75 g/L., at
least about 1 g/L, or at least about 1.5 g/I. and/or up to about
1.7 g/L, up to about 2 g/L, up to about 2.5 g/L. or more. Such
amounts may reflect the total lipid produced in culture (both
intracellular and secreted).

The recombinant microorganisms of the invention may be
configured to be capable of secreting lipid in culture in an
amount of at least about 0.4 g/L, at least about 0.6 g/L, at
least about 0.8 g/L, at least about 1 g/I, at least about 1.2
g/L, or at least about 1.4 g/I, and/or up to about 1.6 g/l or
more.

The recombinant microorganisms of the invention may be
configured to be capable of secreting an amount of at least
about 10% (w/w), at least about 20% (w/w), at least about
30% (w/w), at least about 40% (w/w), at least about 50%
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(wiw), at least about 60% (w/w), and/or up to about 60%
(wiw), up to about 70% (w/w) or more of total produced
lipids.

The recombinant microorganisms of the invention may be
configured to be capable of producing lipid in culture in an
amount of at least about 15% (w/w) dry cell weight, at least
about 20% (w/w) dry cell weight, at least about 25% (w/w)
dry cell weight, at least about 30% (w/w) dry cell weight,
and/or up to about 30% (w/w) dry cell weight, up to about
35% (w/w) dry cell weight, or more. Such amounts may
reflect the total lipid produced in culture (both intracellular
and secreted).

The recombinant microorganisms of the invention can be
used in methods for producing bioproducts. The bioproducts
may include any bioproduct, including those described
elsewhere herein such as lipids, proteins, and/or organic
compounds. The methods may include culturing the recom-
binant microorganism as described herein in a medium
comprising for a time sufficient to consume nutrients present
in the medium and produce the bioproduct.

As shown in the examples, high production of the bio-
products can be obtained through fed-batch culturing,
wherein nutrients are freshly added periodically throughout
the culturing. In preferred versions, the fed-batch culturing
comprises culturing the microorganism at a first level of
dissolved oxygen in the medium and adding nutrients to the
medium upon detecting an increase in the dissolved oxygen
from the first level to a second level of the dissolved oxygen.
The nutrients are added in an amount sufficient to reduce the
dissolved oxygen from the second level to a third level of
dissolved oxygen. The third level may or may not be
equivalent to the first level. Such a process may be repeated
with 1-500 or more additional iterations, such as 1-200,
110-150, 20-100, or about 60 additional iterations, with the
first, second, and third levels in each additional iteration
being the same or different as the respective levels in the first
iteration.

The medium may comprise a defined set of chemicals or
comprise a more complex set of chemicals such as a biomass
hydrolysate. The biomass hydrolysate may be included in an
amount of at least about 5%, at least about 10%, at least
about 15%, at least about 20%, at least about 25%, at least
about 30%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least
about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least
about 90%, or more.

Biomass is biological material derived from living or
once-living organisms. Biomass can be from plant, animal,
or other organic material. Biomass is carbon based and is
composed of a mixture of organic molecules containing
hydrogen atoms, usually including atoms of oxygen, often
nitrogen and also small quantities of other atoms, including
alkali, alkaline earth and heavy metals.

The biomass hydrolysate for use in the present invention
can be produced from any biomass feedstock. Exemplary
types of biomass feedstocks include sucrose-rich feedstocks
such as sugar cane; starchy materials, such as corn grain; and
lignocellulosic biomass, such as costal Bermuda grass, corn
cobs, corn stover, cotton seed hairs, grasses, hardwood
stems, leaves, newspaper, nut shells, paper, primary waste-
water solids, softwood stems, solid cattle manure, sorted
refuse, swine waste, switchgrass, waste papers from chemi-
cal pulps, wheat straw, wood, and woody residues.

Prior to hydrolysis, the biomass feedstock may be pre-
treated or non-pretreated. Pretreatment of biomass feedstock
removes a large proportion of the lignin and other materials
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and enhances the porosity of the biomass prior to hydrolysis.
The biomass feedstock may be pretreated by any method.
Exemplary methods to pretreat or dissolve biomass can
include chipping, grinding, milling, steam pretreatment,
ammonia fiber expansion (AFEX, also referred to as ammo-
nia fiber explosion), ammonia recycle percolation (ARP),
CO, explosion, steam explosion, ozonolysis, wet oxidation,
acid hydrolysis, dilute-acid hydrolysis, alkaline hydrolysis,
organosolv, ionic liquids, gamma-valerolactone, and pulsed
electrical field treatment, among others. See, e.g., Kumar et
al. 2009.

The pretreated or non-pretreated biomass may be hydro-
lyzed by any suitable method. Hydrolysis converts biomass
polymers to fermentable sugars, such as glucose and xylose,
and other monomeric or oligomeric components. Exemplary
hydrolysis methods include enzymatic hydrolysis (e.g., with
cellulases or other enzymes) and acid hydrolysis (e.g., with
sulfurous, sulfuric, hydrochloric, hydrofluoric, phosphoric,
nitric, and/or formic acids), among other methods.

The biomass hydrolysate included in the medium may
comprise residual organic solutions (often referred to as
conversion residue) from distillation of fermentation prod-
ucts or other downstream products of biomass processing.
Exemplary instances include the use of conversion residue
from microbial biomass ethanol fermentations or others.

The recombinant microorganisms may be cultured for a
time of at least about 20 hours, at least about 40 hours, at
least about 60 hours, at least about 80 hours, at least about
100 hours, at least about 120 hours, at least about 140 hours,
and/or up to about 120 hours, up to about 140 hours, up to
about 160 hours or more.

The nutrients included in the medium and consumed by
the recombinant microorganism may include any of a num-
ber of carbon sources such as organic acids, sugars, or
others. Exemplary nutrients include sugars (such as glucose,
xylose), organic acids (such as succinate, lactate, and
acetate) amino acids or other organic materials present that
are used as nutrients for the lipid-producing microorganism.

The culturing may be conducted until recombinant micro-
organism produces lipid in an amount of at least about 0.5
g/L, at least about 0.75 g/L, at least about 1 g/L, or at least
about 1.5 g/ and/or up to about 1.7 g/L, up to about 2 g/L,
up to about 2.5 g/I. or more. Such amounts may reflect the
total lipid produced in culture (both intracellular and
secreted). The culturing may be conducted until recombi-
nant microorganism secretes lipid in an amount of at least
about 0.4 g/L, at least about 0.6 g/L, at least about 0.8 g/L,
at least about 1 g/, at least about 1.2 g/L, or at least about
1.4 g/IL, and/or up to about 1.6 g/[. or more.

The culturing may be conducted until recombinant micro-
organism produces lipid in an amount of at least about 15%
(w/w) dry cell weight, at least about 20% (w/w) dry cell
weight, at least about 25% (w/w) dry cell weight, at least
about 30% (w/w) dry cell weight, and/or up to about 30%
(w/w) dry cell weight, up to about 35% (w/w) dry cell
weight, or more. Such amounts may reflect the total lipid
produced in culture (both intracellular and secreted).

The culturing may be conducted under aerobic or anaero-
bic conditions.

The methods may further comprise harvesting a bioprod-
uct secreted from the microorganism into the media. The
harvesting may comprise centrifuging the microorganism
and medium to obtain a supernatant and separating the
supernatant from the microorganism.

The elements and method steps described herein can be
used in any combination whether explicitly described or not.



US 11,008,577 B1

19

All combinations of method steps as used herein can be
performed in any order, unless otherwise specified or clearly
implied to the contrary by the context in which the refer-
enced combination is made.

As used herein, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates
otherwise.

Numerical ranges as used herein are intended to include
every number and subset of numbers contained within that
range, whether specifically disclosed or not. Further, these
numerical ranges should be construed as providing support
for a claim directed to any number or subset of numbers in
that range. For example, a disclosure of from 1 to 10 should
be construed as supporting a range of from 2 to 8, from 3 to
7, from 5 to 6, from 1 to 9, from 3.6 to 4.6, from 3.5 t0 9.9,
and so forth.

All patents, patent publications, and peer-reviewed pub-
lications (i.e., “references”) cited herein are expressly incor-
porated by reference to the same extent as if each individual
reference were specifically and individually indicated as
being incorporated by reference. In case of conflict between
the present disclosure and the incorporated references, the
present disclosure controls.

It is understood that the invention is not confined to the
particular construction and arrangement of parts herein
illustrated and described, but embraces such modified forms
thereof as come within the scope of the claims.

EXAMPLES
Background

Lipids from microbes offer a promising source of renew-
able alternatives to petroleum-derived compounds. In par-
ticular, oleaginous microbes are of interest because they
accumulate a large fraction of their biomass as lipids. We
investigated whether it is possible to exploit the native
metabolic and regulatory pathways of non-oleaginous bac-
teria, as an example of a prokaryotic microbe, to increase
lipid production to oleaginous levels.

We evaluated the possibility of increasing lipid produc-
tion by rewiring the native metabolic and regulatory path-
ways of Rhodobacter sphaeroides, a non-oleaginous facul-
tative purple non-sulfur bacterium. Unlike many well-
studied facultative bacteria, changes in O, tension cause
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significant morphological changes in the cell envelope of 45

this Gram-negative bacterium (Chory et al. 1984, Tavano et
al. 2006, Kiley et al. 1988). In response to low O, tension,
R. sphaeroides increases its intracellular membrane surface
area, developing specialized intracytoplasmic membrane
(ICM) invaginations that protrude into the cytoplasm (Chory

20

et al. 1984, Tavano et al. 2006, Kiley et al. 1988). This
remodeling of the cell envelope under low O, conditions
increases the cellular phospholipid content ~3-fold (Lemmer
et al. 2015).

Since R. sphaeroides contains regulatory mechanisms to
increase lipid production at low O,, we hypothesized that it
could be possible to generate mutants with increased lipid
production at high O,.

We screened a Rhodobacter sphaeroides TnS-mutant
library for insertions that increased fatty acid content and
identified ten high-lipid mutants for further characterization.
These high-lipid mutants exhibited increased sensitivity to
drugs that target the bacterial cell envelope, exhibited
changes in shape, and, in some cases, secreted lipids. Two
high-lipid mutants accumulated ~60% of their total lipids
extracellularly. We used one of the highest lipid secreting
strains to grow high-density cultures in a fed-batch biore-
actor. The strain produced 1.3 g/L. fatty acids, corresponding
to 33% of dry cell weight (DCW). This lipid content is
comparable to that of oleaginous microbes.

Thus, by genetically altering cell surface or envelope
functions with single genetic alterations, we have converted
R. sphaeroides into an oleaginous bacterium. Unlike in
native oleaginous microbes, however, the majority of the
lipids produced by some of the high-lipid mutants are
advantageously excreted. Based on the properties of these
high-lipid mutants, we conclude that genetically altering the
cell envelope can be used as a previously unreported
approach to increase microbial lipid production and secre-
tion, and we propose that this approach can be used to
increase production of lipids and additional bioproducts in
other microbes.

Materials and Methods
Bacterial Strains and Growth Conditions

Bacterial strains used in the present examples are
described in Table 1. R. sphaeroides strains were grown in
Sistrom’s minimal medium (SIS) (Sistrom 1960), with 4 g/L.
succinate as a carbon source, unless otherwise noted when
4 g/I. glucose, xylose, lactate, or acetate was used as the
carbon source. For batch culture growth in the presence of
0O,, 10-20 ml cultures were grown in 125 ml flasks with
shaking at 200 rpm, at 30° C. in the dark. For low O, growth,
cells were grown by anaerobic photosynthesis; Screw-cap
tubes of liquid culture were incubated at room temperature
in front of an incandescent light box with a light intensity of
10 W/m* measured through a red glass filter. Cultures were
grown to a density of 0.5-1.5 ODg, for analysis. Escheri-
chia coli strains were grown at 37° C. in LB broth-Miller
(Atlas et al. 1993). When necessary, media were supple-
mented with 50 pg/ml kanamycin.

TABLE 1

Strains and plasmids.

Strain

Relevant properties Source or Reference

E. coli
DH5a

DHSa/Apir

S17-1

BW20767

Bethesda Research
Laboratories
Miller et al. 1988

Host for cloning and plasmid amplification

Host for cloning Tn5 insertion sites;
®80dlacZAM15 A(lacZYA-argF) U169 recAl
hsdR17 deoR thi-1 supE44 gyrA96 relAl/Apir
Donor for conjugation; C600:RP-4 2-
(Te:Mu) (Kn::Tn7) thi pro hsdR recA Tra*
Donor for conjugation; RP-2-Te::Mu-1
kan::Tn7 integrant leu-63::120 recAl zbf-5
creB510 hsdR17 endAl thi uidA
(AMIul)::pir+

Simon et al. 1983

Metcalf et al. 1996
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TABLE 1-continued

Strains and plasmids.

Strain

Relevant properties

Source or Reference

R. sphaeroides

24.1 Wild-type strain

A0382 (parent ARS5P0382 in 2.4.1

strain)

HLMO1 A0382 with Tn5 insertion at Chrl: 1,471,645;
KmR

HLMO02 A0382 with Tn5 insertion at Chrl: 1,469,665;
Km®

HILMO03 A0382 with Tn5 insertion at Chr2: 274,987;
Km®

HLMO04 A0382 with Tn5 insertion at Chrl: 2,814,885;
KmR

HLMO05 A0382 with Tn5 insertion at Chrl: 2,970,757;
KmR

HLMO06 A0382 with Tn5 insertion at Chr2: 938,456;
KmR

HLMO07 A0382 with Tn5 insertion at Chrl: 2,086,261;
KmR

HLMO08 A0382 with Tn5 insertion at Chrl: 1,189,239;
Km®

HLMO8b Same as HLMOS, isolated independently from
screen

HLMO09 A0382 with Tn5 insertion at Chrl: 1,395,725;
KmR

HLM10 A0382 with Tn5 insertion at Chrl: 916,649;
KmR

ANrtXYA0382 ARSP2839, ARSP2840, ARSP0382 in 2.4.1

AChrRANIXY AchrR-1::dfr, ARSP2839, ARSP2840,

A0382 ARSP0382 in 2.4.1.

A1200A0382  ARSP1200, ARSP0382 in 2.4.1

KL116 HLMO?2 carrying plasmid pKCL22 to express
Myc-tagged NtrX

Plasmids

pRL27 Tn5-RL27 delivery vector (Km®-oriR6 K)

pK18mobsacb  Broad host range mobilizable vector; Km®
oriV oriT mob sacB

pKCL20 5,939-bp R. sphaeroides genomic region
containing RSP2839 and RSP2840 cloned
into the Xbal and HindIII sites of
pK18mobsacB; Km?

pKCL21 pKCL20 with RSP2839 and RSP2840
deleted; Km®

pIDN27 pSUP202-derived suicide plasmid that creates
an insertion of Tp® gene into a deletion of
chrR gene

pINDS-myc Expression vector with IPTG-inducible
promoter, includes 3X myc tag; Km®

pKCL22 N-terminally 3X myc tagged ntrX (RSP 2840)

cloned into BamHI and HindIII sites of
pINDS5-myc

van Niel 1944
Yilmaz et al. 2010

Present examples
Present examples
Present examples
Present examples
Present examples
Present examples
Present examples
Present examples
Present examples
Present examples
Present examples

Present examples
Present examples

Present examples
Present examples

Larsen et al. 2002
Schafer et al. 1994

Present examples

Present examples

Newman et al. 1999

Imam et al. 2014

Present examples
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Transposon Mutagenesis and Nile Red Screening

The transposon delivery plasmid pRI1.27 (Larsen et al.
2002) was conjugated into R. sphaeroides A0382 using F.
coli donor strain BW20767. Individual exconjugant colonies
were inoculated into 200 pl SIS plus kanamycin in 96-well
plates, grown in a humidified incubator with shaking at 30°
C. to saturation (3 days), and then subcultured into fresh SIS
containing 5 mg/ml Nile Red in Nunc™ 96-well black
optical-bottom plates (Thermo Scientific). After ~14 hours
of incubation, fluorescence (excitation 530 nm/emission 580
nm) and absorbance (650 nm and 850 nm) were measured in

60
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an Infinite® M1000 plate reader (Tecan). For candidate
strains with fluorescence/ODy;, that was 60% or more
higher than the plate average, Nile Red staining was
repeated with replicates before cellular fatty acid analysis.
Transposon insertion sites were identified by cloning trans-
poson-containing fragments, from BamHI-digested genomic
DNA, as pir-dependent plasmids as previously described
(Larsen et al. 2002). Sequencing was performed on the
TnS-containing plasmids with primers tpnR[13-2 and
tpnRL17-1 (Table 2).
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TABLE 2
Oligonucleotides.
iD
Number Sequence Purpose
tpnRL13-2 CAGCAACACCTTCTTCACGA Sequence out from Tnb5
(SEQ ID NO: 149) insertion site
tpnRL17-1 AACAAGCCAGGGATGTAACG Sequence out from Tnb5
(SEQ ID NO: 150) insertion site
KCL58 GCATTCTAGACGAGGCCTACG Amplify R5P2839 and R5P2840
ATTATCTGC (SEQ ID NO: 151) from R. sphaeroides DNA (R)
KCL59 CGATAAGCTTGTCGGGTCGTT Amplify R5P2839 and R5P2840
TACCAGAAC (SEQ ID NO: 152) from R. sphaeroides DNA (R)
KCL60 CGGACCGTTCTGCGAAGCA Delete R5P2839 and R5P2840 from
(SEQ ID NO: 153) PKCL20 to make pKCL21 (F)
KCL63 TTCAGGCGCCGACCGGGACT Delete RSP2839 and RSP2840 from
(SEQ ID NO: 154) PKCL20 to make pKCL21 (R)
KCL72 TATCTCTTCGATTTCGAGCAG Sequencing primer (F)
CCC (SEQ ID NO: 155)
KCL84 ATGTTGACCTCGTCGGAATG Sequencing primer (R)
(SEQ ID NO: 156)
KCL85 GCAAGAAGATCACCGACCTC Sequencing primer (F)
(SEQ ID NO: 157)
KCL86 TCCTTGAGCCAGATGTCGAGG Sequencing primer (R)
AT (SEQ ID NO: 158)
KCL87 AGGCCTTGACCAACCTGATGA Sequencing primer (F)
AGA (SEQ ID NO: 159)
KCL88 TTCCAGCTGATGATAGAGCAC Sequencing primer (R)
CAC (SEQ ID NO: 160)
KCL89 TCACCTTCGGCGCTATTTCGAT Sequencing primer (F)
CT (SEQ ID NO: 161)
KCL1l1le GCCTTTGTCGGGATGGAAC Sequencing primer (F)
(SEQ ID NO: 162)
ChrR-UP1 GCGCCAGCATATGAGTTGAGT Sequencing primer (F)
GAG (SEQ ID NO: 163)
ChrR-DS1 CGTGAATGACAGGGGTCGCC Sequencing primer (F)
(SEQ ID NO: 164)

Chemical Sensitivity Analysis
Selected compounds (Tables 4A and 4B) were tested for
their effects on growth of the parent strain to determine the

highest doses that cause <30% growth reduction. Parent and 59

high-lipid mutant strains were grown in the presence of the
chemicals, or DMSO as a control, in 96-well plates at 30° C.
with shaking for 48 hours. Final ODs were read at 595 nm

on an Infinite® F500 microplate reader (Tecan). For each 55

strain, final ODs for each drug treatment were first divided
by the OD of the DMSO control for that strain to determine
relative cell growth, and then the growth value for each

treated culture was normalized by the parent strain growth ¢

under the same condition. Two-way clustering was per-
formed with Cluster 3.0 and visualized with Java TreeView
software (Saldanha 2004).
Fed-Batch Bioreactor Cultures

High-density fed-batch cultures were grown in an App-
likon biofermenter (3 L Autoclavable Microbial BioBundle,

65

Applikon Biotechnology). An adapted SIS medium (ASIS)
was used as a feeding medium. ASIS used 20-fold higher
concentrations of the carbon source, 25-fold higher ammo-
nium sulfate, 2-fold higher dipotassium phosphate, and
5-fold higher of all other SIS components. For inoculation of
each experiment, 1 [L SIS was mixed with 50-ml of succinate
grown culture. During operation, pH, dissolved oxygen, and
temperature were monitored and controlled by external
programmable logic controllers (ez-Control, Applikon Bio-
technology). The pH was maintained between 6.95 and 7.05
with additions of 1 M H,SO, or 10 M KOH; compressed air
was used to provide aeration; temperature was maintained at
30° C. and ASIS medium was used to replenish consumed
nutrients. Dissolved oxygen was maintained below 5% of
saturated air by fixed aeration rate and feeding of ASIS
medium.
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Analytical Procedures

Analysis was performed on whole culture, or when noted,
the culture was separated into cell and media fractions by
centrifugation at 10,000xg for 15 min at 4° C. For analysis
of samples from the fed-batch reactor, the samples were
diluted with deionized water before lipid extraction. Lipid
extraction with chloroform-methanol, esterification, gas
chromatography-mass spectrometry (GC-MS) analysis and
quantification were performed as previously described (Len-
non et al. 2014) using 2.5 ml samples. For lipid phosphorus
measurements, dried lipid extracts from 2.5 ml samples were
digested with perchloric acid and assayed for phosphorus
content (Rouser et al. 1970). Organic acids and sugars were
analyzed by high performance liquid chromatography
(HPLC) as described previously (Austin et al. 2015, Schwal-
bach et al. 2012). Samples were prepared by filtering ali-
quots of the culture with 0.22 um filter before injection into
the HPLC. Dry cell weight (DCW) was calculated by
measuring chemical oxygen demand (COD) per liter and
using the conversion factor of 1.47 gCOD/gDCW, which
was determined from the composition of R. sphaeroides
2.4.1 biomass (Imam et al. 2011), adjusted for the lack of
polyhydroxybutyrate in the parent and high-lipid mutant
strains, CsHg 4605 53Ng 7650 01Poss- COD was analyzed
using High Range COD Test Kits (HACH) according to the
manufacturer’s protocols. Media fractions were stained with
5 pg/ml Nile Red and fluorescence measured as described
above. Lipopolysaccharide was measured using Pierce®
LAL Chromogenic Endotoxin Quantitation Kit (Thermo
Scientific) according to the manufacturer’s protocol. To
estimate lipopolysaccharide-associated fatty acid levels, the
following conversion factors were used: 1 EU lipopolysac-
charide=100 pg, 1 mol lipopolysaccharide=10,000 g, and R.
sphaeroides lipopolysaccharide contains 5 acyl chains per
molecule (Kaltashov et al. 1997). P-values for statistical
significance were calculated by unpaired t test using Graph
Pad QuickCalcs. For Coenzyme Q10 measurements, 500 pl.
of supernatant was mixed with either 500 pL ethanol or 500
ul 2 uM Coenzyme Q10 (Sigma Aldrich) and analyzed by
LC-MS. The resulting LC-MS data were processed using
TraceFinder 4.0 (Thermo Fisher Scientific).

Microscopy

For transmission electron microscopy whole mounts, 5 ul.
of cell suspension was applied to a transmission electron
microscopy grid, post-stained with a negative stain (NanoW,
Nanoprobes), blotted after 30 s, and let air dry. Transmission
electron microscopy samples were examined using a Tecnai
T-12 transmission electron microscope (FEI) operating at
120 kV with a LaB6 filament. Images were collected digi-
tally with a 2x2K Ultrascan 1000 CCD (Gatan).

For structured illumination microscopy, cell culture was
fixed by adding to an equal volume 4% paraformaldehyde,
incubating for 45 min., and then washing two times with
PBS. For staining, 2.5 ul cell suspension, 42.5 ul PBS buffer,
and 5 pl Nile Red stock solution (1 mg/ml in ethanol) were
mixed, incubated for 10 min, centrifuged, and resuspended
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in PBS. Samples were dropped onto polylysine coated glass
coverslip. Super resolution fluorescence images were col-
lected with a Zeiss Elyra 2 structured illumination micro-
scope. The 63X oil immersion objective, 488 nm wave-
length laser fluorescence excitation source, and emission
495-550 nm band pass filter were used. 75 or more cells per
sample were measured by custom MATLAB scripts.
Strain Construction

Deletion of the ntrX and ntrY genes (RSP2839 and
RSP2840) was carried out to create strain ANtrXYA0382
using the nonreplicable integration vector pK18mobsacB
(Schafer et al. 1994). Both ORFs plus ~1 kb of flanking
DNA sequences on either side were amplified from R
sphaeroides genomic DNA with primers containing Xbal
and HindIII restriction sites. This PCR product was inserted
into pK18mobsacB to create plasmid pKCL20. The entire
coding regions of RSP2839 and RSP2840 were deleted from
the plasmid by performing PCR with primers facing outward
from the upstream end of RSP2839 and the downstream end
of RSP2840 and ligation of the resulting fragment with T4
DNA ligase (Promega) to create pKCL21. E. coli S17-1 was
used for conjugation of pKCL21 into R. sphaeroides AO382
(Yilmaz et al. 2010). Single crossovers were selected by
kanamycin resistance, and double crossovers by loss of
sucrose sensitivity. Strain AChrRANtrXYA0382 was created
by deleting chrR using plasmid pJDN27, as described pre-
viously (Newman et al. 1999). Oligonucleotides used in
these procedures are listed in Table 2. Deletion of RSP1200
to create strain 4120040382 was performed as described for
strain ANtrXYAO0382.
RNA Extraction, qRT-PCR, and Microarray Analyses

RNA extraction and microarray analysis were conducted
as previously described (Dangel et al. 2009, Tavano et al.
2005). Briefly, RNA was isolated from exponential-phase R.
sphaeroides cultures of A0382 and ANtrXYAO0382. RNA
isolation, cDNA synthesis, labeling, and hybridization to R.
sphaeroides GeneChip microarrays (Affymetrix) were per-
formed as previously described (Tavano et al. 2005).
Microarray datasets were normalized by robust multichip
average (RMA) to the log, scale with background adjust-
ment and quantile normalization (Bolstad et al. 2003).
Statistical analysis of normalized data to identify differen-
tially expressed genes was done using the Limma package
(Smyth 2004). Correction for multiple testing was done
using Benjamini-Hochberg correction (Benjamini et al.
1995). All analyses were conducted in the R statistical
programming environment (http://www.R-project.org).
Chromatin Immunoprecipitation Analysis

Chromatin immunoprecipitation was conducted as previ-
ously described (Imam et al. 2014). Briefly, R. sphaeroides
cells (KL116) were grown aerobically in 500-ml cultures
with bubbling, as described above. Cells were treated with
3 uM IPTG at inoculation and harvested at an ODy, of
~0.35. Chromatin immunoprecipitation was conducted
(Dufour et al. 2008) using polyclonal antibodies against the
Myc epitope tag (ab9132; Abcam PLC). Immunoprecipi-
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tated DNA samples were PCR amplified, gel purified (size
selection of ~200 bp), and sequenced at the UW Biotech-
nology Center sequencing facility, using the HiSeq 2500
sequencing system (I lumina, Inc.). The 50-bp sequence tags
were mapped to the R. sphaeroides 2.4.1 genome (ftp://
ftp.ncbi.nih.gov/genomes/Bacteria/

Rhodobacter_sphaeroides_2_4_1_1id57653/) using SOAP

version 2.21 (Li et al. 2009), allowing a maximum of 2
mismatches and no gaps.

Peaks were identified using MOSAICS (Kuan et al. 2011)
at a false discovery rate 0of 0.05. The MOSAICS analysis was
conducted as a two-sample analysis involving a pairwise
comparison between with ChIP-seq data obtained from cells
with Myc-tagged NtrX and ChIP-seq data obtained from
WT cells (with no Myc-tagged proteins) immunoprecipi-
tated using anti-Myc antibodies (used as the control). Motifs
were identified from sequences under the peak regions using
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Red-staining mutants was quantified by GC-MS, we found
ten strains (named HML01-10) that had a =1.5 increase in
fatty acid content per cell when grown at high O, (FIG. 1).
Two mutants (HMLO1 and HL.MO02) had a ~6-fold increase
in fatty acids compared to the parent strain grown at high O,
(FIG. 1); an increase twice that observed when the parent
strain was grown at low O, (FIG. 1).

Genes and Processes Disrupted in High-Lipid Mutants

The transposon insertion sites identified in these ten
high-lipid mutants (Table 3) did not reveal disruption of
genes typically targeted for increasing lipid accumulation,
such as central carbon metabolism or fatty acid biosynthesis
and degradation (Janssen et al. 2014, Lennen et al. 2012).
Instead, the genes inactivated in the high-lipid mutants
encoded a diverse group of proteins, including a transcrip-
tion factor, a chaperone, proteases, and putative secreted and
cell envelope proteins.

TABLE 3

Transposon-insertion sites in high-lipid mutants.

FA Sig. TM
Strain  inc. Insertion site ORF(s) disrupted with annotation pep. helix
HLMO1 6.7 Chrl: 1,471,645 RSP2839 NtrY sensor signal transduction histidine kinase  no 5
RSP2840 NturX response regulator no nomne
HLMO02 6.1 Chrl: 1,469,665 RSP2840 NtrX response regulator no  none
HLMO3 2.7 Chr2: 274,987 RSP3218 Cob(Il)yrinic acid a,c-diamide reductase/ no  none
5,6-dimethylbenzimidazole synthase
HLMO04 2.7 Chrl: 2,814,885 RSP1056  Signal transduction histidine kinase no 2
HLMO5 2.6 Chrl: 2,970,757 RSP1200  Uncharacterized conserved protein YkwD yes  none
HLMO6 1.8 Chrl 938,456 RSP1422 Chromosome partitioning protein, ParB family no  none
HLMO7 1.7 Chrl: 2,086,261 RSP0355  Periplasmic serine protease DegP no 1
HLMO8 1.7 Chrl: 1,189,239 RSP2545  Stationary phase survival protein SurE no  none
RSP2544  Protein-L-isoaspartate O-methyltransferase no  none
(pem)
RSP2543  Peptidoglycan DD-endopeptidase yes  none
HLMO09 1.5 Chrl: 1,395,725 RSP2745  Stealth protein no  none
HLMI10 1.5 Chrl: 916,649 RSP2293 ClpA, ATP-dependent Clp protease no  none

ATP-binding subunit

Strains are sorted from highest to lowest fold increase in total fatty acid (FA inc.) compared to the parent strain. The presence
of a signal peptide (Sig. pep.) was predicted by SignalP 4.1 http://www.cbs.dtu.dk/services/SignalP/, and the number of predicted
transmembrane helixes (TM helix) was determined by TMHMM Server v. 2.0 http://www.cbs.dtu.dk/services/TMHMM/.

MEME (Bailey et al. 2009). Genomic locations with both a
significant ChlIP-seq peak and shared motifs were consid-
ered true binding sites.
Results
Identification of High-Lipid Mutants

R. sphaeroides has a native ability to increase its fatty acid
content under low O, conditions (Lemmer et al. 2015). We
sought to identify mutant strains that contain increased lipid
levels at high O,. We used a parent strain (A0382) that is
unable to make the hydrophobic polymer polyhydroxybu-
tyrate (Yilmaz et al. 2010) so we could use the fluorescence
intensity of Nile Red-stained cells as a proxy of lipid
content.

To identify potential high-lipid mutants, we screened a
library of ~11,400 strains generated by TnS5-transposon
mutagenesis. When fatty acid content of the top 30 Nile
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We used chemical sensitivity analysis to characterize
what cellular processes were affected in the high-lipid
strains. To do this, we tested the impact on growth of a set
of compounds that affect protein synthesis, folic acid bio-
synthesis, membrane integrity, peptidoglycan biosynthesis,
and DNA integrity (Tables 4A and 4B). For some com-
pounds, such as the protein synthesis inhibitor neomycin, we
saw no growth difference of the high-lipid mutants com-
pared to the parent strain (FIG. 2, panel A). For other
compounds, including the detergent sodium dodecyl sulfate
(SDS), many or all of the high-lipid mutants showed
increased sensitivity (FIG. 2, panel B); while for others, such
as the peptidoglycan-active antibiotic amoxicillin, we saw
increased sensitivity in one or more high-lipid mutants
compared to the parent strain (FIG. 2, panel C). By analyz-
ing the relative growth of all the high-lipid mutants treated
with compounds having common cellular targets, we
observed that these strains were most sensitive to com-
pounds active on the cell or outer membranes (62% of the
parent cell growth).
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TABLE 4A

Compounds used in chemical sensitivity analysis and characteristics thereof.

Drug Family Group General Target
Clotrimazole azoles imidizoles cell envelope
Deoxycholate detergents anionic detergent cell envelope
Monensin ionophores polyether cell envelope
Polymyxin b peptides cationic detergent cell envelope
SDS detergents detergents cell envelope
Triton X-100 detergents detergents cell envelope
Valinomyecin ionophores dodecadepsipeptide cell envelope
Amoxicillin beta-lactams penicillins cell envelope
Ampicillin beta-lactams penicillins cell envelope
Aztreonam beta-lactams monobactams cell envelope
Bacitracin peptides peptides cell envelope
Ceftriaxone beta-lactams cephalosporine cell envelope
Cephalexin beta-lactams cephalosporine cell envelope
hydrate
D-cycloserine amino acid derivative amino acid cell envelope
derivative
Meropenem beta-lactam carbapenem cell envelope
Furazolidone furans furans DNA
MMS alkylating agents alkylating agents DNA
Ciprofloxacin quinilones quinilones DNA
Levofloxacin quinilones quinilones DNA
Nalidixic acid quinilones quinilones DNA
Ofloxacin quinilones quinilones DNA
Hydroxyurea chemotherapeutics deoxyribonuclotide DNA
Nitrofurantoin furans furans DNA
Acrylic acid organics organics fatty acid
metabolism
Methotrexate chemotherapeutics DHFR inhibitor folic acid
biosynthesis
Sulfamethoxazole chemotherapeutics sulfonamides folic acid
biosynthesis
Sulfanilamide chemotherapeutics sulfonamides folic acid
biosynthesis
Trimethoprim pyrimidines DHFR inhibitor folic acid
biosynthesis
Doxicycline tetracycline tetracyclines protein synthesis
antibiotics
Neomycin aminoglycosides aminoglycosides protein synthesis
Spectinomycin aminoglycosides aminoglycosides protein synthesis
Tetracycline tetracycline tetracyclines protein synthesis
antibiotics
Tigecycline tetracycline tetracyclines protein synthesis
antibiotics
Tobramycin aminoglycosides aminoglycosides protein synthesis
Azithromycin MLS macrolides protein synthesis
Chloramphenicol Peptidyl transferase amphenicols protein synthesis
Clarithromycin MLS macrolides protein synthesis
Erythromycin MLS macrolides protein synthesis
Florfenicol Peptidyl transferase amphenicols protein synthesis
Lincomycin MLS lincoamides protein synthesis
Thiamphenicol Peptidyl transferase amphenicols protein synthesis
Fuscidic acid fusidanes fusidanes protein synthesis
Rifampicin rifamycins rifamycins RNAP
Rifaximin rifamycins rifamycins RNAP
NaCl stress osmotic stress stress
Hydrogen stress oxidative stress stress
peroxide
Plumbagin quinones naphthoquinones stress
EDTA stress stress stress
Sulbactam beta-lactams beta-lactamase inhibitor
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TABLE 4B

Compounds used in chemical sensitivity analysis and characteristics thereof.

Process Gene
Drug Target Function Target Target Conc.
Clotrimazole cell membrane membrane permeability/ 4 pg/ml
sterol biosynthesis
Deoxycholate cell membrane membrane permeability 0.1 mg/ml
Monensin cell membrane cation transport 100 pg/ml
Polymyxin b cell membrane membrane permeability 0.4 pg/ml
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TABLE 4B-continued
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Compounds used in chemical sensitivity analysis and characteristics thereof.

Process Gene
Drug Target Function Target Target Conc.
SDS cell membrane membrane permeability 25 pg/ml
Triton X-100 cell membrane membrane permeability 0.1%
Valinomyecin cell membrane cation transport 10 pg/ml
Amoxicillin peptidoglycan PG biosynthesis multiple 5 pg/ml
(transpeptidation) PBPs
Ampicillin peptidoglycan PG biosynthesis multiple 2 pg/ml
(transpeptidation) PBPs
Aztreonam peptidoglycan PG biosynthesis PBP3 (FtsI) 20 pg/ml
(transpeptidation)
Bacitracin peptidoglycan  C55 PP BacA, 40 pg/ml
pyrophosphatases YbjG,
PgpB and
YeiU
Ceftriaxone peptidoglycan PG biosynthesis multiple 2 pg/ml
(transpeptidation) PBPs
Cephalexin peptidoglycan PG biosynthesis multiple 250 pg/ml
hydrate (transpeptidation) PBPs
D-cycloserine peptidoglycan PG biosynthesis (Ala Alr, DadX, 2 pg/ml
racemase + ligase) DdIA/B
Meropenem peptidoglycan PG biosynthesis multiple 0.5 pg/ml
(transpeptidation) PBPs
Furazolidone DNA DNA crosslinking 5 pg/ml
crosslinking
MMS DNA damage  methylation 0.002%
Ciprofloxacin DNA DNA GyrA/TopA 0.02 pg/ml
supercoiling gyrase/topoisomerase
Levofloxacin DNA DNA GyrA/TopA 0.004 pg/ml
supercoiling gyrase/topoisomerase
Nalidixic acid DNA DNA GyrA/TopA 0.4 pg/ml
supercoiling gyrase/topoisomerase
Ofloxacin DNA DNA GyrA/TopA 0.02 pg/ml
supercoiling gyrase/topoisomerase
Hydroxyurea DNA ribonucleotide reductase 5 mM
synthesis
Nitrofurantoin mulptiple 10 pg/ml
Acrylic acid beta-oxidation 200 pg/ml
Methotrexate folic acid dihydrofolate reductase ~ FolA/FolM 2 pg/ml
biosynthesis
Sulfamethoxazole folic acid dihydropteroate FolP 100 pg/ml
biosynthesis reductase
Sulfanilamide folic acid dihydropteroate FolP 100 pg/ml
biosynthesis reductase
Trimethoprim folic acid dihydrofolate reductase ~ FolA/FolM 2 pg/ml
biosynthesis
Doxicycline 308 ribosome  tRNA binding 0.01 pg/ml
Neomycin 30S ribosome  translation initiation 10 pg/ml
Spectinomycin 30S ribosome  translation initiation 1 pg/ml
Tetracycline 308 ribosome  tRNA binding 0.02 pg/ml
Tigecycline 308 ribosome  tRNA binding 50 pg/ml
Tobramycin 308 ribosome + prevents 70S ribosome 0.4 pg/ml
508 ribosome  formation
Azithromycin 508 ribosome transpeptidation 0.02 pg/ml
Chloramphenicol 508 ribosome  peptidyl transferase 0.5 pg/ml
Clarithromycin 508 ribosome  transpeptidation 2 pg/ml
Erythromycin 508 ribosome  transpeptidation 0.5 pg/ml
Florfenicol 508 ribosome  peptidyl transferase 0.5 pg/ml
Lincomycin 508 ribosome  transpeptidation 20 pg/ml
Thiamphenicol 508 ribosome  peptidyl transferase 0.1 pg/ml
Fuscidic acid G factor ribosome translocation FusA 1 pg/ml
Rifampicin RNAP RNAP exit channel RpoB 0.02 pg/ml
Rifaximin RNAP RNAP exit channel RpoB 0.01 pg/ml
NaCl osmotic stress 50 mM
Hydrogen oxidative 5 mM
peroxide stress
Plumbagin oxidative 0.4 pg/ml
stress
EDTA 0.4 uM
Sulbactam beta-lactamase 5 pg/ml

Clustering the mutants and the compounds based on

relative growth (FIG. 3) showed that strains HLMOI,

HLMO02 and HLMOS formed a cluster separate from the

other strains (labeled A in FIG. 3). Two of these strains,

HLMO1 and HLMO2, have mutations in genes that are
predicted to act in the same pathway (the NtrXY two-
component system; Table 3), so it is not surprising that they
behave similarly in this analysis. The third strain in this
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cluster (HLMOS5) has a mutation in a pathway of no known
relation to NtrXY (a conserved uncharacterized membrane
protein). These three high-lipid mutants are sensitive to a
cluster of compounds (marked * in FIG. 3) containing
membrane-targeting detergents and ionophores, as well as
the RNA polymerase inhibitors rifampicin and rifaximin,
and the protein synthesis inhibitors erythromycin and clari-
thromycin. The later 4 compounds do not target the mem-
brane, but it is known that decreased membrane integrity can
sensitize cells to these hydrophobic drugs (Vaara 1993).
Thus, these three high-lipid mutants share increased sensi-
tivity to compounds that are associated with decreased
membrane integrity.

A second cluster of high-lipid mutants (HLMO04 and
HLMO07; labeled B in FIG. 3) share increased sensitivity to
a group of compounds that inhibit peptidoglycan biosynthe-
sis (amoxicillin, aztreonam, bacitracin, and cefiriaxone;
marked ** in FIG. 3). This suggests that the mutations in
these two high-lipid strains alter the integrity of the pepti-
doglycan cell wall.

The appearance of distinct sets of high-lipid mutants with
sensitivities to different classes of bioactive compounds
suggests that there may be multiple mechanisms causing
increased lipid production. While the other high-lipid
mutants (HLMO3, HLMO06 and HLMS8-10) showed
increased sensitivity to other compounds (e.g., hydrogen
peroxide for HLMO03), this analysis did not predict specific
processes that might be impaired in these strains. In sum, the
chemical sensitivity analysis showed that many of the high-
lipid mutants had increased sensitivity to compounds that act
at the cell envelope, either on the membrane or the cell wall.
Morphological Changes in High-Lipid Mutants

Based on the above finding, we used transmission elec-
tron microscopy of whole mount cells to assess morphologic
changes in the cell envelope of the high-lipid strains. This
analysis revealed that those high-lipid mutants which are
sensitive to membrane-active compounds (Cluster A;
HLMO01, HLMO02, HLMOS) produced a large amount of
extracellular material (FIG. 4, panels F-H) and irregular
shaped particles adjacent to the cells (FIG. 4, panels B-D),
that were not seen in the parent strain (FIG. 4, panels A and
E). Samples of HLMOS had round extracellular structures in
the range of 20-50 nm (FIG. 4, panel H), while samples from
HLMO1 and HLMO2 contained round and irregular struc-
tures, as well as stacked structures often observed when
liposomes are in aqueous solution (FIG. 4, panels F and G)
(Zhang et al. 2011). The mutations in HLMO1 and HL.M02
are predicted to inactivate proteins in the same two-compo-
nent (NtrXY) signal transduction pathway, so it is not
surprising to find that they have similar morphological
changes. One additional high lipid mutant (HLMO8) pro-
duced extracellular material, some of which was organized
in stacked structures (FIG. 5, panels A and B). Two other
high-lipid mutants (HLMO03 and HLMO09) did not have a
significant amount of extracellular material, but instead had
structures that appeared to bulge off of, but remain attached
to, the cell surface (FIG. 5, panels C and D). The membrane
protrusions and secretions seen by transmission electron
microscopy in HLMO01-03, HLMOS5 and HLMO08-09 are
consistent with alterations in the cell envelope predicted for
some of these strains by chemical sensitivity analysis.

Transmission electron microscopy of the two high-lipid
mutants that are sensitive to cell-wall active compounds
(Cluster B; HLM04 and HL.MO07) did not show accumula-
tion of extracellular material, but instead suggested that they
had a different shape than the parent strain (FIG. 6, panels
A-C). Measurement of cell dimensions of HLMO04 and
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HLMO7 by super-resolution structured illumination micros-
copy (FIG. 6, panels D-F, and FIG. 7) showed that they were
shorter than the parent cells but that the cell width was
similar (Table 5). Overall, structured illumination micros-
copy analysis showed that 8 out of the 10 high-lipid mutants
had differences in cell length and/or width compared to the
parent strain (Table 5), providing additional support for the
hypothesis that changes in the cell envelope was a common
feature among many of these strains.

TABLE 5

Measurements of cell length and width of Nile Red-stained
cells by super resolution fluorescence microscopy.

Strain Length (um) Width (um) N difference

Parent 1.72 £ 0.38 0.72 £ 0.05 75

HLMO1 1.70 = 0.41 0.76 = 0.06* 259 wider

HLMO02 1.68 = 0.46 0.73 £ 0.05 205

HLMO3 2.32 £ 0.51% 0.71 = 0.05 91 longer

HLMO04 1.22 = 0.22%* 0.73 = 0.05 148 shorter

HLMO5 2.36 = 0.49% 0.75 = 0.06** 111 longer and wider
HLMO06 1.79 = 0.36 0.73 = 0.06 88

HLMO07 1.41 = 0.27* 0.73 = 0.06 86 shorter

HLMO08 1.73 £ 0.33 0.67 = 0.06* 102 narrower
HLMO09 1.83 £ 0.46 0.70 = 0.05%* 126 narrower
HLMI10 1.60 = 0.30*** 0.74 = 0.06 104 shorter

Parent low O, 2.27 + 0.72* 0.83 = 0.08* 83 longer and wider

Measurements are expressed as mean *+ standard deviation, with N = number of cells
measured. Significant differences compared to the parent strain are indicated, *p <0.0001,
*p < 0.002, ***p < 0.03.

Lipid Secretion by High-Lipid Mutants

Since we observed materials on the surface or outside of
the high-lipid mutants by transmission electron microscopy,
we stained the media with Nile Red to test for the presence
of hydrophobic compounds. We found that media from all
but one of the high-lipid mutants had increased Nile Red
staining compared to that of the parent strain (FIG. 8, panel
A). In particular, Cluster A strains (HLMO1, HLMO02, and
HLMOS5) that had the highest amount of extracellular mate-
rial by transmission electron microscopy had 13-40-fold
increases in fluorescence compared to that of the parent
strain (FIG. 8, panel A).

We tested if the increased Nile Red staining of the
high-lipid mutants was due to the presence of extracellular
lipid by quantifying fatty acid levels in the cells and culture
supernatant. For the parent strain a small level (0.2%) of the
fatty acid in the total culture (cells plus supernatant) was
present in the media (FIG. 8, panels B and C), likely
representing the background from incomplete separation of
cells and media. In contrast, 9 of the 10 high-lipid mutants
had a statistically significant increase in fatty acid in the
media compared to parent strain. Consistent with the extra-
cellular material observed by transmission electron micros-
copy, HLMO1, HLMO02 and HL.MOS had the highest percent
(235%) of the total fatty acid present in the media (FIG. 8,
panels B and C).

To further characterize the secreted material, we analyzed
fatty acid and lipid phosphorus levels in the culture super-
natants of HLMO1, HLMO02 and HLMOS5. For all three of
these high-lipid mutants, the fatty acid to lipid phosphorus
ratio of the supernatants was 1.5, close to the 2:1 ratio
expected for phospholipid (FIG. 9, panel A). We also quan-
tified lipopolysaccharide in the supernatants and found that
lipopolysaccharide-associated fatty acids accounted for a
small amount of the secreted fatty acids, less than 1% for
HLMO1 and HLMO2 (FIG. 9, panel B). Therefore, we
conclude that the secreted lipid is composed primarily of
phospholipid.
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Fatty Acid Productivity of a High-Lipid Secreting Strain

The extracellular accumulation of lipid by some high-
lipid mutants could make them attractive for production of
biofuels or bioproducts. We chose HLMO02, for further
characterization since it is one of two high-lipid mutants
with the highest level of extracellular lipid.

When we compared the fatty acid productivity (grams
fatty acid per liter) of HLMO2 cultures to that of the parent
strain, they produced similar amounts of intracellular lipid
(FIG. 10, panel A), when grown in batch culture with
succinate as a carbon source. However, if one includes
cellular and secreted lipids, fatty acid productivity was
2.7-fold higher in the HLMO2 culture than the parent strain
(FIG. 10, panel A; p<0.001). This increase in culture fatty
acid productivity for HLMO2 is smaller than the increase
observed when measuring fatty acid content per cell (FIG. 1)
because in batch cultures HLMO2 does not achieve as high
a cell density as the parent strain.

R. sphaeroides can metabolize a wide variety of carbon
substrates (Imam et al. 2011), so we also tested fatty acid
productivity in batch cultures containing a different organic
acid (lactate, which is a common fermentation byproduct
(Agler et al. 2011)), as well as sugars (glucose and xylose,
which are abundant in cellulosic biomass hydrolysates (Lau
et al. 2009)). Fatty acid productivity was increased in
HLMO02 compared to the parent strain when using each of
these carbon sources (FIG. 10, panel A), with ~50-55% of
the total fatty acid found in the culture supernatant. For each
of the carbon sources tested, the cellular fatty acids repre-
sented 5-6% of the dry cell weight (DCW) in the parent and
HLMO2 strain. However, when the secreted lipid was
included, the total fatty acid content of HLMO2 increased to
15-20% of the DCW (FIG. 10, panel B).

Another common metric is product yield per amount of
carbon substrate consumed. For the parent strain, the total
fatty acid yield from each of the carbon sources tested was
1.0-1.4% (w/w) (FIG. 10, panel C). For the HLM02 mutant,
the fatty acid yield increased 2.9-3.7-fold (p=0.01 for all
substrates) to 3.5-5.0% (w/w) (FIG. 10, panel C). There was
no significant difference in fatty acid yield of HLMO2
between the different carbon sources tested. The maximum
theoretical yield, if all of the carbon substrate were con-
verted into fatty acids by HLMO02, is ~35% for glucose,
xylose, and succinate, and ~28% percent for lactate. Thus,
the fatty acid yields measured for HLMO02 in batch culture
represent 11-14% of the maximum theoretical yield on these
carbon sources.

In addition to the four carbon sources described above,
acetate was also tested for the production of fatty acid. After
48 hours cultivation, 0.03 g/ fatty acid was produced by the
HLMO02 mutant and 55% of the produced fatty acid was in
the supernatant. Using acetate as carbon source yielded a
slower growth rate and thus a lower amount of fatty acid at
the time of harvesting, but the cells excreted a comparable
proportion of the fatty acids into media.

Extracellular Production of Novel Fatty Acids

The utility of a lipid-secreting mutant would be increased
if one could produce increased levels of novel fatty acids
extracellularly. R. sphaeroides has recently been reported to
make a furan-containing fatty acid, 10,13-epoxy-11-methyl-
octadecadienoic acid (19Fu-FA) that is potentially valuable
due to its antioxidant activity (Lemke et al. 2014). Elevated
levels of 19Fu-FA are found in a mutant that lacks the ChrR
anti-sigma factor (Lemke et al. 2014). In order to test if R.
sphaeroides could secrete 19Fu-FA, we constructed a strain
that lacked the genes disrupted in HLMO1 and HLMO2
(ANtrXYA0382) and chrR (AChrRANtrXYA0382). We
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found that the AChrRANtrXYA0382 strain made 19Fu-FA as
~3-4% of the total fatty acids in both the cellular and
supernatant fractions (Table 6). From this, we conclude that
the high-lipid mutants can be used to secrete novel fatty
acids as well as those normally present in wild-type cells.

TABLE 6

Relative fatty acid content of R. sphaeroides AChrRANtrXYAOQ382.

Strain
19M- 19Fu-
Cle:1l C16:0 C18:1 C18:0 UFA FA
Cells 3.2 (0.8) 11.3 (0.8) 69.2 (2.2) 12.5(0.7) 0.8 (0.6) 2.9 (0.5)
Super- 0.9 (0.8) 13.2(2.1) 64.5(6.6) 159 (3.0) 1.3 (0.3) 4.2 (1.8)
natant
Percentage composition of the individual fatty acid species. 11-methyl-octadecanoate

(19M-UFA), 10,13-epoxy-11-methyl-octadecadienoic acid (19Fu-FA). Standard deviation
in parentheses. N = 7.
Extracellular Production of Non-Lipid Bioproducts

The ability of the lipid-secreting high-lipid mutants to
secrete bioproducts other than lipids was assessed. Super-
natant levels of Coenzyme Q10 (CoQ10, also known as
ubiquinone, ubidecarenone, coenzyme Q), a compound
commonly found in lipid membranes, were tested in the
parent strain (A0382), the strain lacking the genes disrupted
in HLMO1 and HLMO2 (ANtrXYAO0382), and a strain lack-
ing the genes disrupted in HLMOS (A1200A0382). Increased
levels of CoQ10 were found in the supernatants of both the
ANtrXYA0382 and A1200A0382 strains compared to the
parent strain (FIG. 11 and Table 7). This shows that extra-
cellular production of membrane-bound or -associated bio-
products, such as small molecules, proteins, etc., is
increased in the high-lipid mutants.

TABLE 7

Extracellular production of Coenzyme
Q10 in parent and high-lipid mutants.

Spike CoQ10
Concen- Concen-
tration tration STD
Strain  Replicate  (uM)  Peak Area (uM) Average  Dev
A1200 1 0.00  1.57E+06 0.020 0.024  0.004
1.00  7.97E+07
2 0.00  2.13E+06 0.028
1.00  7.85E+07
3 0.00  1.74E+06 0.023
1.00  7.59E+07
A0382 1 0.00  1.94E+05 0.003 0.002  0.000
1.00  7.51E+07
2 0.00  1.93E+05 0.003
1.00  7.22E+07
3 0.00  1.32E+05 0.002
1.00  6.41E+07
Antrxy 1 0.00  6.07E+06 0.082 0.085 0.006
1.00  8.03E+07
2 0.00  5.32E+06 0.080
1.00  7.15E+07
3 0.00  6.75E+06 0.092
1.00  8.02E+07

A0382 = parent strain (A0382).
Antrxy = strain lacking the genes disrupted in HLMO01 and HLM02 (ANtrXYA0382).
A1200a = strain lacking the genes disrupted in HLMOS (A1200A0382).

Reactor Engineering to Increase Fatty Acid Yield of a
High-Lipid Mutant

Given the properties of high-lipid mutants like HLMO02,
we reasoned that high-density cultures could be used as a
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source of extracellular lipid. We opted to use a fed-batch
bioreactor (Shiloach et al. 2005, Yen et al. 2010, Zeiger et al.
2010) to obtain high-density cultures since they can bypass
the negative impacts of high (toxicity) or low (limitation)
nutrient availability in the feedstocks. We reasoned that, if
product (fatty acid) formation is tied to cell number, then
increasing culture density should increase the reactor pro-
ductivity.

In our fed-batch reactors, a low level of O, was provided
by bubbling with saturated air. We used real-time measure-
ment of reactor dissolved oxygen as an indicator of substrate
limitation (Seo et al. 1992), since decreased cellular respi-
ration should cause an increase in dissolved oxygen. This is
illustrated for a R. sphaeroides xylose-fed culture in FIG. 12:
when the dissolved oxygen increases, nutrients are provided
to the reactor causing the dissolved oxygen to decrease
again, presumably when cellular respiration increases. This
feeding cycle is repeated iteratively throughout the reactor
run in order to obtain high density cultures.

Using this method, we analyzed fatty acid production
when cells were grown using xylose as a carbon source.
Control experiments indicated that under the feeding regi-
men described above, cell density increases for ~120 hours
and then plateaus. Under these conditions, the parent strain
reached a maximal density of 7.9 gDCW/L (FIG. 13, panel
A). Fatty acid content of the parent strain was stable in this
fed-batch reactor at ~7% of DCW (FIG. 13, panel B),
compared to ~5% observed in a xylose fed-batch culture
(FIG. 10, panel B). This small increase in fatty acid content
of the parent strain likely reflects the low oxygen tension
present in the fed-batch reactor. Use of the fed-batch reactor
increased total fatty acid productivity 10-fold, from 0.05 g/LL
in batch culture (FIG. 10, panel A) to 0.50 g/ (FIG. 13,
panel C). In addition, the fatty acid yield from xylose
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increased from 1.4 (w/w) % in batch (FIG. 10. panel C) to
a maximum of 3.6% in the high-density cultures (FIG. 13,
panel D).

Under identical reactor conditions, the HLMO02 mutant
grew at a slower rate and to lower final cell density than the
parent (4.7 gDCW/L) (FIG. 13, panel A). Despite this,
HLMO2 produced more than twice the amount of total fatty
acids as the parent strain (~1.3 g/L. at 120 hours; FIG. 13,
panel C). This is 9 times the amount of fatty acid produced
by HLMO2 in batch culture, demonstrating that growth in a
fed-batch bioreactor increased fatty acid productivity. The
fatty acid content of the HLMO02 mutant increased over time,
up to 33% of DCW at 100 hours (FIG. 13, panel B), a
~5-fold increase compared to the parent strain under the
same conditions, and an 85% increase compared to the fatty
acid content of HLMO02 grown on xylose in a batch culture.
In addition, a higher percentage of the fatty acids produced
by HLMO2 were secreted in the high-density culture com-
pared to the batch culture (up to 69% of the total fatty acids)
(FIG. 13, panel C). When these cells were examined by
transmission electron microscopy, we saw extracellular
droplets tightly packed around and away from the cells (FIG.
14), much more so than the same strain grown in batch (FIG.
4, panels C and F).

Finally, fatty acid yield per xylose consumed (% w/w) in
the fed-batch bioreactor was more than doubled in HLMO02
compared to the parent strain at all time points tested (FIG.
13, panel D). The maximum fatty acid yield observed for
HL.MO2 in the fed batch reactor (8.4%) represents ~24% of
the maximum theoretical yield from cells using xylose as a
carbon source (35%, see above).

NitrXY Target Genes

The target genes of the NtrXY two-component signaling
system were determined by chromatin immunoprecipitation
(ChIP), and changes in mRNA expression of the targets were
compared between the parental strain and a ANtrXY mutant.
The results are shown in Table 8.

TABLE 8

NtrX targets as determined
by ChIP and changes of expression of the targets.

ID*

Annotation

Gene
ChIP Fold  Expression
Enrichment Fold
(Repl/Rep2)*** Change**

Peak
Start

Peak

CHR Stop

RSP1860

Cell wall hydrolase CwlJ,

chrl 458400 458999 9.5/7.4 -1.5

involved in spore
germination

RSP2839%

Nitrogen regulation

chrl 1472000 1472399 4.5/3.8

protein NtrY Signal
transduction histidine

kinase
RSP0334% | hypothetical protein |
diguanylate cyclase/

RSP0O335

chrl 2064600 2065100 2.5/2.5 1.8 1 1.24

phosphodiesterase

RSP3540%

Hemolysin-type calcium-

chr2 630300 630600 2.5/NA

binding region, RTX

RSP0339

Methyltransferase

chrl 2069800 2070200 2.4/NA 1

domain-containing protein

RSP2974

Murein DD-endopeptidase

chrl 1661000 1661399 2.4/2.7 1

MepM and murein
hydrolase activator NlpD,
contain LysM domain

RSP0O892

ABC transporter, ATP-

chrl 2642200 2642600 2.2/NA 1

binding cassette

RSP2095%
RSP2111#

hypothetical protein
D-alanine--D-alanine

ligase

chrl
chrl

694110
711380

695200
712030

2/2.2
2/3.5

1.4
2.2
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TABLE 8-continued

NtrX targets as determined
by ChIP and changes of expression of the targets.

Gene
ChIP Fold  Expression
Peak Peak Enrichment Fold
ID* Annotation CHR  Start Stop  (Repl/Rep2)*** Change**
RSP2916 | hypothetical protein | chrl 1594600 1595000 1.5/NA 1711
RSP2915  phosphate regulon sensor

histidine kinase PhoR

*The | indicates that the peak was located in an intergenomic region shared by 2 genes (A | B).

**Gene expression is in parental strain relative to the NtrXY mutant, so up genes are upregulated by NtrX.
***NA indicates genes where a ChIP peak was not observed in replicate 2.

*The gene listed is followed by additional genes in the same operon, and thus predicted also to be regulated by
NtrX in the same direction (increased expression) as the listed gene. The genes in the same operon as RSP2839
include RSP2840. The genes in the same operon as RSP0334 include RSP0333, RSP0332, RSP0331, RSP0330.
The genes in the same operon as RSP3540 include RSP3539, RSP3538. The genes in the same operon as RSP2095
include RSP6038, RSP2097, RSP2098, RSP2099, RSP2100, RSP2101. The genes in the same operon as RSP 2111
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include RSP2112 and RSP2113.

Discussion
Using Native Pathways to Engineer Lipid Accumulation

Microbial lipids are energy dense molecules that have
many advantages for use as petroleum replacements
(d’Espaux et al. 2015). In order to achieve high enough
yields to be cost competitive alternatives, a combination of
metabolic engineering and process optimization, tailored to
the specific organism and lipid product, is necessary. We
took a unique approach to produce high levels of microbial
lipids. We sought to use a well-studied non-oleaginous
bacterium, R. sphaeroides, that has a native ability to
increase its lipid content, to increase synthesis of these
molecules. We showed that by combing genetic and reactor
engineering, R. sphaeroides can produce and secrete lipids
at levels found in oleaginous microbes. Using only a single
genetic lesion (disruption of the NtrXY signal transduction
pathway), we were able to achieve cells that contain 33% of
the DCW as fatty acid, and produce fatty acids at 24% of
maximum theoretical yield.
Unique Properties of High-Lipid Mutants

The ten high-lipid mutants that we identified had between
a 1.5 to 6.7-fold increase in fatty acid per cell (Table 3), and
had increased sensitivity to cell wall and membrane-target-
ing drugs, changes in cell shape, outer membrane protru-
sions, and often secreted lipids. These phenotypes suggest
that the mutants have cell envelope alterations leading to
release of cellular lipids. It is noteworthy that increased lipid
production by wild-type R. sphaeroides (at low O,) involves
changes in the cell envelope. Specifically, cells increase their
inner membrane surface area by creating intracytoplasmic
membrane vesicles that protrude into the cytoplasm (Tavano
et al. 2006). We are not aware of other reports of changes in
the structure of the outer membrane or cell wall leading to
increased cellular lipid content. It is also unknown whether
any genes disrupted in the high-lipid mutants play a role in
increasing lipid content or remodeling the cell envelope that
normally occurs at low O, tensions in this bacterium.
Genetic Links of High-Lipid Mutants to the Cell Envelope

While none of the genes disrupted in the high-lipid
mutants had been studied in R. sphaeroides, many of them
had predicted functions associated with the cell envelope.
The gene product inactivated in HLMOS (RSP1200) encodes
an uncharacterized conserved protein that contains a CAP
domain. Members of this superfamily are typically secreted,
acting extracellularly in signal transduction or protein modi-
fication (Gibbs et al. 2008); some family members have been
shown to bind lipids (Choudhary et al. 2012, Van Galen et
al. 2010). RSP0355 (inactivated in HLMO7) encodes one of
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several periplasmic serine protease (DegP) homologues in
this bacterium, a protein that in other bacteria functions in
protein quality control, degrading misfolded periplasmic
proteins (Lyu et al. 2015). RSP2543 (inactivated in HLMO0S)
encodes a cell wall hydrolase. It contains a signal peptide
(Table 3) presumably to target it to the periplasm, a LysM
peptidoglycan binding motif (Bateman et al. 2000), and
Gly-Gly endopeptidase domain. Thus, RSP2543 could play
a previously unreported role in peptidoglycan cell wall
remodeling. RSP2745 (inactivated in HLMO09) was identi-
fied as a Stealth family protein (Sperisen et al. 2005), which
in bacteria appear to function in the synthesis of exopoly-
saccharides (Sperisen et al. 2005). Finally, the gene inacti-
vated in HLM 10 (RSP2293) encodes the ClpA subunit of the
Clp protease that performs protein quality control in the cell
and functions in other regulatory processes. ClpA mutants in
some Pseudomonas species have cell envelope-related phe-
notypes (Song et al. 2015, Goff et al. 2009).

Another group of high-lipid mutants contain disruptions
in two-component signaling systems. NtrXY (inactivated in
HLMO01 and HLMO2) encode a sensor histidine kinase and
its cognate response regulator that acts as a transcription
factor in other bacteria. The NtrXY pathway has been
implicated in controlling exopolysaccaride production
(Wang et al. 2013), as well as regulating anaerobically
induced processes (Ishida et al. 2002, Pawlowski et al. 1991,
Carrica et al. 2012, Carrica et al. 2013, Gregor et al. 2007).
Future studies to further characterize the transcriptional
targets of R. sphaeroides NtrX and determine how they
impinge on the cell envelope, lipid accumulation, and secre-
tion has the potential to improve the production of fatty acids
and other membrane-associated compounds. RSP1056 (in-
activated in HLMO04) is an “orphan” histidine kinase whose
response regulator is not genetically linked and has not been
identified. We suspect that the Tn5 insertion in this mutant
causes a gain of function mutation rather than loss of
function.

Finally, some high-lipid mutants have insertions in genes
whose product does not seem to directly relate to the cell
envelope. RSP3218 (inactivated in HLMO3) encodes a
nitroreductase that is predicted to function in vitamin B,
biosynthesis; and RSP1422 (inactivated in HLMO06) encodes
a chromosome partitioning protein. In these cases, additional
experiments are needed to understand how these mutations
lead to the high-lipid phenotype of these strains.

Lipid Secretion by High-Lipid Mutants

When R. sphaeroides naturally increases its lipid content

it makes additional intracellular membranes, so it was unex-
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pected to find that several of the high-lipid mutants secreted
lipids. From analysis of other systems, bacterial lipid secre-
tion often occurs by export of free fatty acids or outer
membrane vesicle (OMV) formation (Kulp et al. 2010,
Lennen et al. 2010, Ledesma-Amaro et al. 2016). For the
high-lipid mutants with the highest levels of secreted lipid
(HLMO1, HLMO02, and HLMOS5), lipid phosphorus assays
indicated the presence of extracellular phospholipid (FIG.
9). The structures observed in the media of HLMO1 and
HLMO02, (FIG. 4, panels B, C, F, and G) do not resemble
bacterial outer membrane vesicles, which typically appear as
20-250 nm spherical vesicles (Schwechheimer et al. 2015).
However, the media of HLMOS5 does contain spherical
vesicles in the 20-50 nm range (FIG. 4, panel H). Further
investigation is needed to determine the cellular source of
these lipid secretions (outer membrane, inner membrane, or
both), their chemical composition, and the mechanism lead-
ing to their production.

R. sphaeroides as an Oleaginous Bacterium

The ability of R. sphaeroides to increase production of
hydrophobic compounds at low O, has led to its use as a
source of isoprenoids, quinones and other chemicals (Yen et
al. 2010, Kien et al. 2010, Sangkharak et al. 2007). The
industrial utility of bacteria as microbial sources of valuable
products is often enhanced by the ability to grow cells to
high cell density.

By growing HL.MO2 in a fed-batch bioreactor, total fatty
acid productivity increased ~8-fold over what is observed in
batch culture. Additionally, in the fed-batch bioreactor, total
fatty acid content of HLMO02 was ~33% of DCW, classifying
this strain as an oleaginous bacterium. We are not aware of
any previous examples of microbes accumulating over 20%
of its biomass as phospholipid, typically oleaginous organ-
isms accumulate triacylglycerols or wax esters (Waltermann
et al. 2005, Liang et al. 2013). Fatty acid yield for HLMO02
in the fed-batch bioreactor was 24% of maximum theoretical
yield. Considering that, compared to the parent strain,
HLMO02 had only one genetic lesion, this is a substantial
improvement. Further increases in lipid productivity is pos-
sible with additional metabolic engineering, e.g., by using
other gene disruptions identified herein (Table 3) and/or
employing strategies that have been successful in other
organisms to either increase flux through fatty acid biosyn-
thesis or decrease [-oxidation (Janssen et al. 2014, Lennen
et al. 2012).

Several observations from our studies may be beneficial
for increasing the economic feasibility of producing lipid or
other bioproducts, either in this or other bacteria that can be
engineered to contain similar cell envelope changes. Bio-
product secretion by a microbe has several advantages. First,
bioproduct secretion can increase production beyond the
amount that can fit within the cell. Second, bioproduct
secretion could simplify the ability to harvest, separate and
process the product (Caspeta et al. 2013, Arora 2012), as
well as minimize intracellular toxicity of this compound. In
addition, HLMO2 retained its high-lipid phenotype when
grown on several different carbon sources, suggesting that
the catabolic versatility of R. sphaeroides may be advanta-
geous when cells are grown on more complex media.
Finally, we found the HLMO2 mutant could over-produce
and secrete a novel-furan containing fatty acid that has
potential value in biofuel, biochemical, and pharmaceutical
industries due to its antioxidant activity.

CONCLUSIONS

By combining genetic and bioreactor engineering, we
have created an oleaginous strain of R sphaeroides,
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HLMO2, that produced fatty acid at ~24% of the maximum
theoretical yield. During this process we also isolated and
characterized ten different high-lipid strains. We propose
that in many of these mutants, alterations in the cell enve-
lope lead to increased lipid content. The novel properties of
these high-lipid mutants also suggests that similar changes
in cell envelope structure could be used to increase produc-
tion of lipids or lipid-associated bioproducts in other
microbes.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 164

<210> SEQ ID NO 1

<211> LENGTH: 495

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 1

atgagcaaga acaacaccga ggccgatgte gecttcatce aggeccttge cgaactgetg 60
aacagcaacg agctcacgga actttcggtce aaacgggaat atggcgagga cgacagecte 120
gaggtccegeyg tggtcaagca ggccaacatc gtgacgaccce aggttgegge gecgatgatg 180
geegecgecee ccegeggegat gecggeggte ggeggtgecce cegecgecge tceeggecgeyg 240
gtcgaggate cggeccagca tccgggegece gtcacctege ccatggtggyg caccgtctat 300
atcgeecceg agccegggege ctegecctte gtcaccegtgyg gegecaccgt gaccgagggg 360
cagacgctcee tcatcatcga ggcgatgaag accatgaacce acatccccge cccgegegeg 420
ggcacggtga agcgggtcct cgtcteggac ggcacggegg tcgaatacgyg cgegecccte 480
atgatcatcg agtga 495

<210> SEQ ID NO 2

<211> LENGTH: 164

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 2

Met Ser Lys Asn Asn Thr Glu Ala Asp Val Ala Phe Ile Gln Ala Leu
1 5 10 15

Ala Glu Leu Leu Asn Ser Asn Glu Leu Thr Glu Leu Ser Val Lys Arg
20 25 30

Glu Tyr Gly Glu Asp Asp Ser Leu Glu Val Arg Val Val Lys Gln Ala
35 40 45

Asn Ile Val Thr Thr Gln Val Ala Ala Pro Met Met Ala Ala Ala Pro
Ala Ala Met Pro Ala Val Gly Gly Ala Pro Ala Ala Ala Pro Ala Ala
65 70 75 80

Val Glu Asp Pro Ala Gln His Pro Gly Ala Val Thr Ser Pro Met Val
85 90 95

Gly Thr Val Tyr Ile Ala Pro Glu Pro Gly Ala Ser Pro Phe Val Thr
100 105 110

Val Gly Ala Thr Val Thr Glu Gly Gln Thr Leu Leu Ile Ile Glu Ala
115 120 125

Met Lys Thr Met Asn His Ile Pro Ala Pro Arg Ala Gly Thr Val Lys
130 135 140

Arg Val Leu Val Ser Asp Gly Thr Ala Val Glu Tyr Gly Ala Pro Leu
145 150 155 160

Met Ile Ile Glu
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-continued
<210> SEQ ID NO 3
<211> LENGTH: 1347
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 3
atgttcgaaa agatcctgat cgccaaccge ggcgagateg ccttgcegegt gatccgegece 60
tgccaggaga tggggatcaa gtcggtegece gtecattega cegeggacge cgatgecatg 120
catgtccgea tggecgatga gagcegtetge ateggecegyg cctectcegac cgacagetat 180
ctcaacaagg cctcgatcat ctecggectge gagatcaceyg gggccgagge cgtccatccg 240
ggttacgget tectectcecga gaacgeggece ttegeccagg cgctgcagga ccacgggatce 300
gagttcateg gcccgaccge ggaccatatc cgcatcatgg gegacaagat caccgccaag 360
gacacgatga aggctctggg cgtgecctge gtgccegget cegacggegg cgtgcccgac 420
tacgagacgg ccatcgccac ggccagagac atcggcttece cggtcatcat caaggcecacyg 480
gegggeggey gegggegcegyg catgaaggtce gegceggaacg agcaggaact cgagatcgec 540
ttecegeaceyg cgcegttegga agccaaggece gectteggea acgacgaagt ctatatggag 600
aaatatctce agaagccgceg gcacatcgag atccaggtgt teggcgacgyg caagggecge 660
geggtecate tgggcgageg tgactgecteg ctgcagegge ggcaccagaa ggtgttcgag 720
gaagccceegyg gtecggtcat cacccccgag atgegtgegg agatcggcag gatctgegece 780
gacgceggtygyg cgcggatcaa ctacatcgge gegggcacga tcgaattcect ctacgaggac 840
ggccagttet acttcatcga gatgaacacce cgectgcagg tggagcatcce ggtgaccgag 900
gegatctteg gegtegatcet cgtgegegag cagatceggg tegeggeggg cctgecgatg 960
agcttcaatce aggatgcgcet ggagatcaac ggccacgcca tcegaggtgeyg gatcaacgece 1020
gagaagctgce cgaactttte gcectgecce ggcaaggtgce gggtcttcecca cgecgeccgggce 1080
ggcetegggg tgcggatgga tteggccecte tatggegget attccatccce gcectattac 1140
gacagcctga tceggcaaget gatcegtgcac ggecgegace ggeccgagge getggegege 1200
ctgcaccgeg cectgggega getgategtg gacgggatcg acacgacggt gecgetgtte 1260
cacgcgcette tggccgagec cgacatccag aatggcgact acaatatcca ctggctggaa 1320
aaatggctcg ccgcccagtt cggctga 1347
<210> SEQ ID NO 4
<211> LENGTH: 448
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400>

SEQUENCE: 4

Met Phe Glu Lys Ile Leu Ile Ala

1

Val

Ser

Ser
65

Gly

Ile

Thr

Cys

50

Ile

Tyr

5

Arg Ala Cys Gln Glu Met

20

Ala Asp Ala Asp Ala Met

35

40

Ile Gly Pro Ala Ser Ser

55

Ile Ser Ala Cys Glu Ile

70

Gly Phe Leu Ser Glu Asn

85

Asn Arg Gly

10

Gly Ile Lys
25
His Val Arg

Thr Asp Ser

Thr Gly Ala

75

Ala Ala Phe

90

Glu Ile Ala

Ser Val Ala
30

Met Ala Asp
45

Leu Arg
15

Val His

Glu Ser

Tyr Leu Asn Lys Ala

60

Glu Ala Val

Ala Gln Ala

His Pro
80

Leu Gln
95
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Asp His Gly Ile Glu Phe Ile Gly Pro Thr Ala Asp His Ile Arg Ile
100 105 110

Met Gly Asp Lys Ile Thr Ala Lys Asp Thr Met Lys Ala Leu Gly Val
115 120 125

Pro Cys Val Pro Gly Ser Asp Gly Gly Val Pro Asp Tyr Glu Thr Ala
130 135 140

Ile Ala Thr Ala Arg Asp Ile Gly Phe Pro Val Ile Ile Lys Ala Thr
145 150 155 160

Ala Gly Gly Gly Gly Arg Gly Met Lys Val Ala Arg Asn Glu Gln Glu
165 170 175

Leu Glu Ile Ala Phe Arg Thr Ala Arg Ser Glu Ala Lys Ala Ala Phe
180 185 190

Gly Asn Asp Glu Val Tyr Met Glu Lys Tyr Leu Gln Lys Pro Arg His
195 200 205

Ile Glu Ile Gln Val Phe Gly Asp Gly Lys Gly Arg Ala Val His Leu
210 215 220

Gly Glu Arg Asp Cys Ser Leu Gln Arg Arg His Gln Lys Val Phe Glu
225 230 235 240

Glu Ala Pro Gly Pro Val Ile Thr Pro Glu Met Arg Ala Glu Ile Gly
245 250 255

Arg Ile Cys Ala Asp Ala Val Ala Arg Ile Asn Tyr Ile Gly Ala Gly
260 265 270

Thr Ile Glu Phe Leu Tyr Glu Asp Gly Gln Phe Tyr Phe Ile Glu Met
275 280 285

Asn Thr Arg Leu Gln Val Glu His Pro Val Thr Glu Ala Ile Phe Gly
290 295 300

Val Asp Leu Val Arg Glu Gln Ile Arg Val Ala Ala Gly Leu Pro Met
305 310 315 320

Ser Phe Asn Gln Asp Ala Leu Glu Ile Asn Gly His Ala Ile Glu Val
325 330 335

Arg Ile Asn Ala Glu Lys Leu Pro Asn Phe Ser Pro Cys Pro Gly Lys
340 345 350

Val Arg Val Phe His Ala Pro Gly Gly Leu Gly Val Arg Met Asp Ser
355 360 365

Ala Leu Tyr Gly Gly Tyr Ser Ile Pro Pro Tyr Tyr Asp Ser Leu Ile
370 375 380

Gly Lys Leu Ile Val His Gly Arg Asp Arg Pro Glu Ala Leu Ala Arg
385 390 395 400

Leu His Arg Ala Leu Gly Glu Leu Ile Val Asp Gly Ile Asp Thr Thr
405 410 415

Val Pro Leu Phe His Ala Leu Leu Ala Glu Pro Asp Ile Gln Asn Gly
420 425 430

Asp Tyr Asn Ile His Trp Leu Glu Lys Trp Leu Ala Ala Gln Phe Gly
435 440 445

<210> SEQ ID NO 5

<211> LENGTH: 1335

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 5

ttggecgattyg cgcecttteg ggtcegtecgg gggeggegat ceegecctte gacgegegece 60

aaccgggegyg cggatgecga getgeggege ctecgegege agtttecega ctgggacgtg 120
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cegtecgace tcacgacget gggecageag cggteteceg cegecgagat cgaccggate 180
taccggcaga tcgeggecgg agacctgace gaggecegge aggegatgga cgagacgteg 240
cgcaacttee ccggatggac gecgecgece gagatggage gtettetgge cacggecgag 300
gecacaggceceg ccttegatge ggcecegecagt gegggcaatg cgggegegge aatcgagatc 360
gegeggegga cgeccgegat cetgegetge gaccgggtga acaacgectyg geggetggec 420
gagctgcagg cggceggeggg ccagaaggeyg gecgegetge agagetateg cggggtgatce 480
gectectget cgggectgte cgaggtgacyg gegacgcteg agaaggcgga ggecgtggec 540
agcgatgegyg agctggtega getcetteegg ctggecaatg cgcagettee gggceteggga 600
cctgegetga aggegetega gacacggetyg agggegggac geggcegacac ggegeccgag 660
gecatcggege cggctgecge agcaacggge ggagccaage gcacgecggyg ccgeactgeg 720
gtggcegagg cggatctgee cgeggegggyg cgcccgegea ctgegggegt ggegegeage 780
ggcggagggyg cggggctgte cgeggteege geggcagege aacgeggcega ctggeggacce 840
tgcaccggee tcaccagegg cgccaccage gecgacatge tcetacgageg ggectggtge 900
gtctataatce tcgaccggee getegaggeg ctggeggett tegagectge cgectegggg 960
cgectegggyg cgcaggtege gegggacgeg cgetteggea agacgetege getgetggeg 1020
ctgaagatga cggaagaggce cgcccggete geegecgega cegacctgac catccageag 1080
cggegegagyg tcgaggecat catcctggat cagegegggg tgcgggecta tcagetgaag 1140
gaatatcgcecc gcgccatcge cttectcacce gectatgagg atctgacggg ggggctgcegyg 1200
cgcgaccteg cgatcatgeg cggctacgece tacctcaacce teggcaageg gaccgaggec 1260
aagcgcatct tcacggaget gaacaatcag ctegegacge cegagaceceg ggegggectg 1320
aacgcgagcece gctga 1335
<210> SEQ ID NO 6
<211> LENGTH: 444
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 6

Met Ala Ile
1

Ser Thr Arg

Ala Gln Phe
35

Gln Gln Arg
50

Ala Ala Gly
65

Arg Asn Phe

Ala Thr Ala

Asn Ala Gly

115

Arg Cys Asp
130

Ala Ala Gly
145

Ala Pro Phe Arg Val

5

Ala Asn Arg Ala Ala

20

Pro Asp Trp Asp Val

40

Ser Pro Ala Ala Glu

55

Asp Leu Thr Glu Ala

70

Pro Gly Trp Thr Pro

85

Glu Ala Gln Ala Ala

100

Ala Ala Ile Glu Ile

120

Arg Val Asn Asn Ala

135

Gln Lys Ala Ala Ala
150

Val Arg Gly
10

Asp Ala Glu
25

Pro Ser Asp

Ile Asp Arg

Arg Gln Ala
75

Pro Pro Glu
90

Phe Asp Ala
105

Ala Arg Arg

Trp Arg Leu

Leu Gln Ser
155

Arg Arg Ser

Leu Arg Arg
30

Leu Thr Thr
45

Ile Tyr Arg

Met Asp Glu

Met Glu Arg

Ala Ala Ser
110

Thr Pro Ala
125

Ala Glu Leu
140

Tyr Arg Gly

Arg Pro
15

Leu Arg

Leu Gly

Gln Ile

Thr Ser

80

Leu Leu

95

Ala Gly

Ile Leu

Gln Ala

Val Ile
160
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56

Ala Ser Cys

Glu Ala Val

Asn Ala Gln

195

Arg Leu Arg
210

Ala Ala Ala
225

Val Ala Glu

Val Ala Arg

Ala Gln Arg

275

Thr Ser Ala
290

Asp Arg Pro
305

Arg Leu Gly

Ala Leu Leu

Ala Thr Asp

355

Leu Asp Gln
370

Ala Ile Ala
385

Arg Asp Leu

Arg Thr Glu

Thr Pro Glu
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

Ser Gly Leu Ser Glu

165

Ala Ser Asp Ala Glu

180

Leu Pro Gly Ser Gly

200

Ala Gly Arg Gly Asp

215

Ala Thr Gly Gly Ala
230

Ala Asp Leu Pro Ala

245

Ser Gly Gly Gly Ala

260

Gly Asp Trp Arg Thr

280

Asp Met Leu Tyr Glu

295

Leu Glu Ala Leu Ala
310

Ala Gln Val Ala Arg

325

Ala Leu Lys Met Thr

340

Leu Thr Ile Gln Gln

360

Arg Gly Val Arg Ala

375

Phe Leu Thr Ala Tyr
390

Ala Ile Met Arg Gly

405

Ala Lys Arg Ile Phe

420

Thr Arg Ala Gly Leu

D NO 7
H: 996
DNA

<400> SEQUENCE: 7

atgaggagac

cgectecteg

tggcgeaget

cagaatgcga

gacgaggagy

gacaagctte

aacgccaccg

ggcaaggccg

ggaccatcct

cgcagtcggg

ggaaggatgc

gccattecga

cectgeggeyg

tgagetggeg

acggcgatct

attacgcegyg

440

gacatcggece

cagagaggct

gttectgety

agggeaggge

catcgtegac

ctggetgece

cttectacgec

gcgggcgacc

Val

Leu

185

Pro

Thr

Lys

Ala

Gly

265

Cys

Arg

Ala

Asp

Glu

345

Arg

Tyr

Glu

Tyr

Thr

425

Asn

Thr

170

Val

Ala

Ala

Arg

Gly

250

Leu

Thr

Ala

Phe

Ala

330

Glu

Arg

Gln

Asp

Ala

410

Glu

Ala

sphaeroides

Ala

Glu

Leu

Pro

Thr

235

Arg

Ser

Gly

Trp

Glu

315

Arg

Ala

Glu

Leu

Leu

395

Tyr

Leu

Ser

geegeegege

ttgcctgegy

cecegeegged

tacggagcca

tggaccgagg

ggtgtggege

tggggtctcg

gaactggege

Thr Leu Glu
Leu Phe Arg
190

Lys Ala Leu
205

Glu Ala Ser
220

Pro Gly Arg

Pro Arg Thr

Ala Val Arg
270

Leu Thr Ser
285

Cys Val Tyr
300

Pro Ala Ala

Phe Gly Lys

Ala Arg Leu
350

Val Glu Ala
365

Lys Glu Tyr
380

Thr Gly Gly

Leu Asn Leu

Asn Asn Gln
430

Arg

tgatgctgge
accacccget
gecatcgtega
cgctegecge
cgaaccttge
tggcegtgee
ccatggeege

gegecatege

Lys Ala
175

Leu Ala

Glu Thr

Ala Pro

Thr Ala
240

Ala Gly
255

Ala Ala

Gly Ala

Asn Leu

Ser Gly
320

Thr Leu
335

Ala Ala

Ile Ile

Arg Arg

Leu Arg

400

Gly Lys
415

Leu Ala

ccctgecagga
ccaggeggece
cgggecgceag
gatcttegge
geggegegag
cgacgagaac
gcageggtte

getgecattge

60

120

180

240

300

360

420

480
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-continued
gtgcegteege atccggacgg ctccgagcag ctegtgetge tgeceggggge cageggette 540
gagacgcegg acggggtggt getcaaccce tectactaca tgeccegege cctgaccgag 600
ctegeegect tcageggeca ggaccggetyg gegegetgtg cecgegacgg ggeggactgg 660
atcgegtege tegggettee gecggactgg gegetggtea cgeecttegyg cacacagecg 720
gegecgggee tgtcccacaa cageggctac gatgegetge gggtgeccct gttectgetce 780
tggtceggge tgaccgecaa tecegegetyg cgecgegegg tggaggegge cggggacgece 840
gecagceggeg acacgceceggt gaggttegac cgcegacacgg gggceggtget ggaacggtec 900
gecgatcegg gettecegege cgtgetegeg cttggegatt gegeccttte gggtegteeg 960
ggggcggcega tcccgecectt cgacgcgege caaccg 996

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 332
PRT

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 8

Met Arg Arg
1

Ala Pro Ala
Ala Asp His
35

Leu Leu Pro
50

His Ser Glu
65

Asp Glu Glu

Ala Arg Arg

Ala Leu Ala
115

Tyr Ala Trp
130

Tyr Ala Gly
145

Val Arg Pro

Ala Ser Gly

Tyr Met Pro
195

Arg Leu Ala
210

Gly Leu Pro
225

Ala Pro Gly

Leu Phe Leu

Ala Val Glu
275

Arg Thr Ile Leu Thr

5

Gly Arg Leu Leu Ala

20

Pro Leu Gln Ala Ala

40

Ala Gly Arg Ile Val

Gly Gln Gly Tyr Gly

70

Ala Leu Arg Arg Ile

85

Glu Asp Lys Leu Leu

100

Val Pro Asp Glu Asn

120

Gly Leu Ala Met Ala

135

Arg Ala Thr Glu Leu
150

His Pro Asp Gly Ser

165

Phe Glu Thr Pro Asp

180

Arg Ala Leu Thr Glu

200

Arg Cys Ala Arg Asp

215

Pro Asp Trp Ala Leu
230

Leu Ser His Asn Ser

245

Leu Trp Ser Gly Leu

260

Ala Ala Gly Asp Ala

280

eroides

Ser Ala Ala
10

Gln Ser Gly
25

Trp Arg Ser

Asp Gly Pro

Ala Thr Leu

75

Val Asp Trp
90

Ser Trp Arg
105

Asn Ala Thr

Ala Gln Arg

Ala Arg Ala

155

Glu Gln Leu
170

Gly Val Val
185

Leu Ala Ala

Gly Ala Asp

Val Thr Pro
235

Gly Tyr Asp
250

Thr Ala Asn
265

Ala Ala Gly

Ala Ala Leu
Arg Glu Ala
30

Trp Lys Asp
45

Gln Gln Asn
60

Ala Ala Ile

Thr Glu Ala

Trp Leu Pro

110

Asp Gly Asp
125

Phe Gly Lys
140

Ile Ala Leu

Val Leu Leu

Leu Asn Pro
190

Phe Ser Gly
205

Trp Ile Ala
220

Phe Gly Thr

Ala Leu Arg

Pro Ala Leu
270

Asp Thr Pro
285

Met Leu
15

Leu Pro

Ala Phe

Ala Ser

Phe Gly
80

Asn Leu
95

Gly Val

Leu Phe

Ala Asp

His Cys
160

Pro Gly
175

Ser Tyr

Gln Asp

Ser Leu

Gln Pro
240

Val Pro
255

Arg Arg

Val Arg



59

US 11,008,577 B1

-continued

60

Phe Asp Arg Asp Thr

290

Phe Arg Ala Val Leu

305

Gly Ala Ala Ile Pro

Gly

295

310

325

<210> SEQ ID NO 9
<211> LENGTH: 2178

<212> TYPE:
<213> ORGANISM: Rhodobacter

DNA

<400> SEQUENCE: 9

atggacatgc

caggacgege

gatgecggteg

cctetggecy

geggecttee

cgcagcagea

gagatcggee

ggcgaagccg

atctactgeg

ggegtggege

actgcacagg

gegacgetge

ctegegetga

ctteegtecyg

gtcctegaac

gegaccccga

ctggecgaca

gacttccage

gactacggcet

acgacggtge

atcegettte

atccegggea

ctgagetega

cgggatctgg

cggacgetge

acggtggcgg

cgeetteteg

acgceegegyg

gtgatgccge

acgctgeage

geegagtgge

gactgctgee

cgatgategt

cggaagcggt

agaccgegea

gectettect

tcgacatect

gettcaccce

tgcgggeggg

gtgcggatge

ttcecegeage

cggagtcggg

gcaccctege

gcaagcegty

acgccgaceg

atccgeccga

cgctgecgec

tgggcgtcga

tgccggacga

tthngng

gecatgetgee

ngCgngCt

atccgeccga

ccgatetega

cgcaggtgac

ccttecatgge

gtctgcacga

ccctgacget

gtcegecgge

cgctggtega

ccgtgateca

tcgecacgeyg

tttcctttte

gatcgagggc

geeggeggcey

ggtcgggecyg

gecgaccgaa

gcccgaaage

cecgecagtte

cgacaatcte

ggagttcgat

ggcgatcggc

ceggeeggte

ccaggetete

gtcggccgag

cgtttecata

aggctcacce

tccgacgeta

caccattctce

ctggetgetyg

getgeccgag

getegacege

cctgecatece

ccagcectgt

ggthCgCCg

geeggeateg

ggcetteege

catcgecacy

gctaccctee

caacgcecte

gtcgaactgg

gangtCng

caagggcacyg

Ala Val Leu Glu Arg

Ala Leu Gly Asp Cys Ala

315

Pro Phe Asp Ala Arg Gln

330

sphaeroides

ctegggacge

ctcaccteeg

gaggtegece

ctecttecgee

geggteggeg

tcacagatca

ggCgCtCtgg

gtgacgatcg

ctctggaceyg

accgaaccta

gagatccgca

gggcggccat

accggecceca

¢gecggggey

aacgcgtege

ccgecagatee

accgacaacc

ctggcgagec

ggCgCgCth

gacgcegece

ggcecgaace

cctgecteeyg

tegecccgga

gtgcatccty

gaggtgcceeg

gttecectga

accgtetece

geceegetygyg

tcggaccgeyg

cggatgetge

gecatgetge

Ser Ala Asp Pro Gly

300

Leu Ser Gly Arg Pro

Pro

tggcgtcgat

aagagccgca

cctggatcat

tgcagggtca

gcacgctcac

tcgtgeggat

gggccgtceac

aggcgcagca

aggtcgatct

cctegtteat

cacccacccece

tgcctgacga

cctatgegeg

dggacggggce

tcgtegecga

cgceceggecyg

gctacttcaa

agaaggcgca

tgctcgtgaa

cecgtcaagece

ggctgtegtt

ceggegacct

tgcagatgge

ccacgecgga

acgcggcace

acgaggaagg

ggctggtgga

gegecgegece

cccagacctt

gaccggggga

tcgegeccga

320

dgecgegygceg

ggcegteccce

tcegetgege

gcaggcgcgce

getegegeag

gaacgatcag

catgcegete

ceggcaccge

gagccagagce

cgeggeecte

geccgacgag

ggCgCthCg

gatcacgett

cgtggttetyg

tcttetggga

cgtegteacy

ccgegatate

gatcggcate

ggtcaatgge

ceggetegac

cgaatecggte

gatgcaggtg

ggacatggcg

cggtctggcg

cgtggatcetyg

cctgacgecy

gegteeggeg

dggcgagyggg

cgtgcaggece

cggcaaccte

accgggcaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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ctctgggtea tectegggee cgaggecgag ccggeceggg ttgeggaage cctegecatg 1920
gegecgeget cgeceggegg gecccegeggt caggtggeeg tteteggete tgacggacge 1980
tggtcgagct ggtcgaagec cggcectectg ccggagttge gegaacccegt gagecttgac 2040
aatgtgcgca gegtggtggg caacgtegeg teggegegge cgeecctget geteggeggg 2100
atgctgggcce tcgcectggat cagcgctgca atcgeccgtgg gettegtget cegcaccegg 2160
aggaagggcce tgaaatga 2178

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 10
H: 725
PRT

ISM: Rhodobacter

<400> SEQUENCE: 10

Met Asp Met
1

Met Ala Ala
Ser Glu Glu
35

Ala Ala Glu
50

Thr Ala Gln
65

Ala Ala Phe

Thr Leu Ala

Ile Ile Val

115

Gln Phe Gly
130

Arg Ala Gly
145

Ile Tyr Cys

Leu Ser Gln

Pro Thr Ser
195

Pro Val Glu
210

Thr Leu Ala
225

Leu Ala Leu

Arg Ile Thr

Gly Gly Asp
275

Ser Pro Asn
290

Leu Pro Pro

Arg Leu Leu Pro Phe

Ala Gln Asp Ala Pro

Pro Gln Ala Ser Pro

40

Val Ala Pro Trp Ile

55

Val Gly Pro Leu Phe

70

Arg Leu Phe Leu Pro

85

Gln Arg Ser Ser Ile

100

Arg Met Asn Asp Gln

120

Ala Leu Gly Ala Val

135

Asp Asn Leu Val Thr
150

Gly Ala Asp Ala Glu

165

Ser Gly Val Ala Leu

180

Phe Ile Ala Ala Leu

200

Ile Arg Thr Pro Thr

215

Gln Ala Leu Gly Arg
230

Ser Lys Pro Trp Ser

245

Leu Leu Pro Ser Asp

260

Gly Ala Val Val Leu

280

Ala Ser Leu Val Ala

295

Pro Thr Leu Pro Gln

Leu

Met

25

Asp

Ile

Arg

Thr

Asp

105

Glu

Thr

Ile

Phe

Pro

185

Thr

Pro

Pro

Ala

Ala

265

Val

Asp

Ile

sphaeroides

Phe

10

Ile

Ala

Pro

Leu

Glu

90

Ile

Ile

Met

Glu

Asp

170

Ala

Ala

Pro

Leu

Glu

250

Asp

Leu

Leu

Pro

Leu

Val

Val

Leu

Gln

75

Ala

Leu

Gly

Pro

Ala

155

Leu

Ala

Gln

Asp

Pro

235

Thr

Arg

Glu

Leu

Pro

Gly Thr Leu

Ile Glu Gly

Ala Glu Ala

45

Arg Pro Leu
60

Gly Gln Gln

Val Gly Gly

Pro Glu Ser

110

Arg Phe Thr
125

Leu Gly Glu
140

Gln His Arg

Trp Thr Glu

Ala Ile Gly

190

Ala Glu Ser
205

Glu Ala Thr
220

Asp Glu Ala

Gly Pro Thr

Val Ser Ile

270

His Pro Pro
285

Gly Ala Thr
300

Gly Arg Val

Ala Ser
15

Leu Thr

Val Pro

Ala Glu

Ala Arg

80

Thr Leu
95

Ser Gln

Pro Arg

Ala Val

His Arg

160
Val Asp
175
Thr Glu
Gly Arg
Leu Arg
Leu Pro

240

Tyr Ala

255

Arg Arg

Glu Gly

Pro Thr

Val Thr
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305

Leu

Asn

Ser

Pro

Met

385

Ile

Phe

Ser

Pro

Gln

465

Arg

Pro

Leu

Pro

Pro

545

Phe

Leu

Gly

Leu

625

Ala

Ser

Leu

Ala
705

Arg

Ala

Arg

Gln

Glu

370

Leu

Arg

Glu

Ala

Pro

450

Val

Thr

Val

Asn

Ser

530

Pro

Met

Val

Arg

Thr

610

Gly

Pro

Asp

Arg

Ala
690

Trp

Lys

Asp

Asp

Lys

355

Gly

Pro

Phe

Ser

Gly

435

Ser

Thr

Leu

Asp

Glu

515

Thr

Ala

Pro

Gln

Pro

595

Ala

Pro

Arg

Gly

Glu
675
Ser

Ile

Gly

Met

Ile

340

Ala

Ala

Leu

Pro

Val

420

Asp

Pro

Pro

Pro

Leu

500

Glu

Val

Asn

Pro

Ala

580

Gly

Met

Glu

Ser

Arg

660

Pro

Ala

Ser

Leu

Gly

325

Asp

Gln

Leu

Asp

Ala

405

Ile

Leu

Arg

Ala

Phe

485

Thr

Gly

Ser

Ala

Leu

565

Thr

Asp

Leu

Ala

Pro

645

Trp

Val

Arg

Ala

Lys
725

310

Val

Phe

Ile

Leu

Arg

390

Arg

Pro

Met

Met

Ser

470

Met

Val

Leu

Arg

Leu

550

Val

Leu

Gly

Leu

Glu

630

Gly

Ser

Ser

Pro

Ala
710

Asp

Gln

Gly

Leu

375

Asp

Leu

Gly

Gln

Gln

455

Val

Ala

Ala

Thr

Leu

535

Ala

Glu

Gln

Asn

Ala

615

Pro

Gly

Ser

Leu

Pro
695

Ile

Thr

Leu

Ile

360

Val

Ala

Leu

Asn

Val

440

Met

His

Ala

Gly

Pro

520

Val

Pro

Ser

Pro

Leu

600

Pro

Ala

Pro

Trp

Asp

680

Leu

Ala

Ile

Pro

345

Asp

Lys

Ala

His

Pro

425

Leu

Ala

Pro

Phe

Leu

505

Arg

Glu

Leu

Asn

Val

585

Ala

Glu

Arg

Arg

Ser

665

Asn

Leu

Val

Leu

330

Asp

Tyr

Val

Pro

Pro

410

Pro

Ser

Asp

Ala

Arg

490

His

Leu

Arg

Gly

Trp

570

Ile

Glu

Pro

Val

Gly

650

Lys

Val

Leu

Gly

315

Thr

Asp

Gly

Asn

Val

395

Gly

Asp

Ser

Met

Thr

475

Glu

Asp

Leu

Pro

Ala

555

Ser

Gln

Trp

Gly

Ala

635

Gln

Pro

Arg

Gly

Phe
715

Asp

Trp

Phe

Gly

380

Lys

Pro

Gln

Thr

Ala

460

Pro

Val

Ile

Ala

Ala

540

Ala

Asp

Thr

Leu

Lys

620

Glu

Val

Gly

Ser

Gly
700

Val

Asn

Leu

Ala

365

Thr

Pro

Asn

Pro

Asp

445

Arg

Asp

Pro

Ala

Leu

525

Thr

Pro

Arg

Val

Ala

605

Leu

Ala

Ala

Leu

Val
685

Met

Leu

Arg

Leu

350

Gly

Thr

Arg

Arg

Cys

430

Leu

Asp

Gly

Asp

Thr

510

Thr

Pro

Gly

Ala

Arg

590

Thr

Trp

Leu

Val

Leu
670
Val

Leu

Arg

Tyr

335

Leu

Gly

Val

Leu

Leu

415

Pro

Glu

Leu

Leu

Ala

495

Val

Leu

Ala

Glu

Gln

575

Arg

Arg

Val

Ala

Leu

655

Pro

Gly

Gly

Thr

320

Phe

Ala

Leu

Arg

Asp

400

Ser

Ala

Val

Ala

Ala

480

Ala

Pro

Leu

Gly

Gly

560

Thr

Met

Lys

Ile

Met

640

Gly

Glu

Asn

Leu

Arg
720
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-continued
<210> SEQ ID NO 11
<211> LENGTH: 2367
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 11
atgaccgtte gagccaaggce ccgctcececeg ctaagggteg ttecegtect getgttectg 60
ctgtgggtgg ctctectegt geegtteggg ctgetggeceyg cegegecggt cgcegeccteg 120
gegeagggee tcatcgettt gteggeggtyg gtgctggtgg cgctgcetcaa geccttegee 180
gacaagatgyg tgccgegett cctgettetg tecegeggect cgatgetggt gatgegetac 240
tggttetgge gectgttega aacgctgecg cegeccgege tegacgecte gttectette 300
getetgetge tettegeggt cgagacctte tegatctceca tettettect caacggettt 360
ctcagegeeg acccgaccga ccggcecectte cegeggecge tgcagcccga ggagetgecg 420
acggtcgaca ttctegtgcee ctectacaac gageccgeceyg acatgctgag cgtgacgcete 480
geggeggeca agaacatgat ctatccggeg cggctgegea cggtggtget ctgegacgac 540
gggggcaceyg accagcgcetyg catgtegece gaccceegage ttgcgcagaa ggegcaggag 600
cggeggegeg agttgcagca getctgecge gagetgggeyg tggtcetatte gacgegegag 660
cggaacgaac atgccaaggc gggcaacatg teggecgege tcegagcegget gaagggcgag 720
ctegtggtgg tgttegatge cgaccacgte cegagcecgeg acttecttge ccggacggtyg 780
ggctattteg tcgaggatce tgacctette ctegtecaga cgccgcactt cttcatcaac 840
ccegacccga tccagegcaa cctcegegete ggecgaccget geccgeccga gaacgagatg 900
ttctacggca agatccaccg cggcectegac cgetggggeg gggecttett ctgeggatceg 960
geegeggtee tgegecgeeg cgcectegac gaggegggeyg getttgeegg cgagaccatce 1020
accgaggatg ccgagaccgce gctcgagatce cattccecgeg gectggaagag cctctatatce 1080
gaccgegeca tgatcgeggg gctcecagece gagacctteg cctecttecat ccagcagege 1140
ggcegcetggyg ccaccggcat gatgcagatg ctgctgctga agaacccgcet cttecgecge 1200
ggtctcggga tegecgcagceg cctgtgctac ctcaactcga tgagettetg gttetteccy 1260
ctggtgcgga tgatgttect cgtggcgceccg ctcatctatce tgttcttcecgg catcgagatce 1320
ttegtegeca cecttegagga ggtgctggcee tacatgecegg gcectatctgge ggtgagette 1380
ctcgtgcaga acgcgctgtt tgcgcecggcag cgatggecge tegtctceccga agtctacgag 1440
gtggcacagyg cgccctatct ggcgegegece atcgtgacca cgetgetgeg gecgegcagt 1500
geeegetteg cggtgaccge gaaggacgag acgctgageg agaactacat ttegeccatce 1560
taccgtecge tectecttcecac cttectgete tgectgtecg gggtgctcecge cacgetggtg 1620
cgetgggtgg cectteccegyg cgaccggtceg gtectecteg tegtgggcegg ctgggeggtyg 1680
ctcaacgtgce ttctegtggg cttegetttg cgggcggtgg ccgagaagca gcagceggcegce 1740
geggecceee gtgtgcagat ggaggtgccg gecgaggege agatccectge ctteggcaac 1800
cgctegetga cecgcgacegt getcgacgcee tcgaccageg gegtgegect tetggtecegg 1860
ctgceeggeyg tgggegatce gecacceggeg ctegaggegyg gagggctcat ccagttcecag 1920
ccgaagttee ccgacgegcece gecagcetegag cgecatggtge geggecgeat ccegetceggeg 1980
cgecgegagg gcoggaacggt gatggtggge gtgatctteg aggegggeca accgatcgeg 2040
gtgcgcgaga cggtggcecta tctcecatctte ggcgagageg cgcactggceg cacgatgege 2100
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gaggccacga
gecgecagece
cgccacgagyg
accgaaccceg
aacacggtcg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tgcggeccat

tgcccaagac

aaccgaagga

actgggcggg

cctgggggte
D NO 12

H: 788
PRT

ISM: Rhodobacter

<400> SEQUENCE: 12

Met Thr Val
1

Leu Leu Phe

Ala Ala Ala

Ala Val Val

50

Pro Arg Phe
65

Trp Phe Trp

Ser Phe Leu

Ser Ile Phe

115

Pro Phe Pro
130

Leu Val Pro
145

Ala Ala Ala

Leu Cys Asp

Glu Leu Ala
195

Cys Arg Glu
210

Ala Lys Ala
225

Leu Val Val

Ala Arg Thr

Gln Thr Pro

275

Ala Leu Gly
290

Ile His Arg
305

Ala Ala Val

cgggetectyg
cgegegegac
gaagcaggceg
cgagctgete

gaactga

Arg Ala Lys Ala Arg

Leu Leu Trp Val Ala

20

Pro Val Ala Pro Ser

40

Leu Val Ala Leu Leu

55

Leu Leu Leu Ser Ala

70

Arg Leu Phe Glu Thr

85

Phe Ala Leu Leu Leu

100

Phe Leu Asn Gly Phe

120

Arg Pro Leu Gln Pro

135

Ser Tyr Asn Glu Pro
150

Lys Asn Met Ile Tyr

165

Asp Gly Gly Thr Asp

180

Gln Lys Ala Gln Glu

200

Leu Gly Val Val Tyr

215

Gly Asn Met Ser Ala
230

Val Phe Asp Ala Asp

245

Val Gly Tyr Phe Val

260

His Phe Phe Ile Asn

280

Asp Arg Cys Pro Pro

295

Gly Leu Asp Arg Trp
310

Leu Arg Arg Arg Ala

cacgggatgg

ttcatggacyg

catcttetygyg

gatccgacgg

Ser

Leu

25

Ala

Lys

Ala

Leu

Phe

105

Leu

Glu

Ala

Pro

Gln

185

Arg

Ser

Ala

His

Glu

265

Pro

Glu

Gly

Leu

sphaeroides

Pro

10

Leu

Gln

Pro

Ser

Pro

90

Ala

Ser

Glu

Asp

Ala

170

Arg

Arg

Thr

Leu

Val

250

Asp

Asp

Asn

Gly

Asp

Leu

Val

Gly

Phe

Met

75

Pro

Val

Ala

Leu

Met

155

Arg

Cys

Arg

Arg

Glu

235

Pro

Pro

Pro

Glu

Ala
315

Glu

cgcgaatect gtggatggeg
aaccggececyg cegeaeggege
cctteggeac cgacttcage

cgcaggtete cgegegtece

Arg Val Val Pro Val
15

Pro Phe Gly Leu Leu
30

Leu Ile Ala Leu Ser
Ala Asp Lys Met Val
60

Leu Val Met Arg Tyr
80

Pro Ala Leu Asp Ala
95

Glu Thr Phe Ser Ile
110

Asp Pro Thr Asp Arg
125

Pro Thr Val Asp Ile
140

Leu Ser Val Thr Leu
160

Leu Arg Thr Val Val
175

Met Ser Pro Asp Pro
190

Glu Leu Gln Gln Leu
205

Glu Arg Asn Glu His
220

Arg Leu Lys Gly Glu
240

Ser Arg Asp Phe Leu
255

Asp Leu Phe Leu Val
270

Ile Gln Arg Asn Leu
285

Met Phe Tyr Gly Lys
300

Phe Phe Cys Gly Ser
320

Ala Gly Gly Phe Ala

2160

2220

2280

2340

2367
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Gly

Arg

Gln

Thr

385

Gly

Trp

Tyr

Leu

Ala

465

Arg

Ser

Leu

Phe

545

Leu

Gln

Ala

Asp

Gly

625

Pro

Ile

Phe

Ile

Arg
705

Ala

Arg

Glu

Gly

Pro

370

Gly

Leu

Phe

Leu

Ala

450

Leu

Ala

Pro

Glu

Leu

530

Pro

Asn

Gln

Gln

Ala

610

Asp

Lys

Arg

Glu

Phe
690
Pro

Ala

Arg

Thr

Trp

355

Glu

Met

Gly

Phe

Phe

435

Tyr

Phe

Gln

Arg

Asn

515

Cys

Gly

Val

Arg

Ile

595

Ser

Pro

Phe

Ser

Ala

675

Gly

Ile

Ser

Arg

Ile

340

Lys

Thr

Met

Ile

Pro

420

Phe

Met

Ala

Ala

Ser

500

Tyr

Leu

Asp

Leu

Arg

580

Pro

Thr

His

Pro

Ala

660

Gly

Glu

Gly

Leu

Arg
740

325

Thr

Ser

Phe

Gln

Ala

405

Leu

Gly

Pro

Arg

Pro

485

Ala

Ile

Ser

Arg

Leu

565

Ala

Ala

Ser

Pro

Asp

645

Arg

Gln

Ser

Leu

Pro
725

Arg

Glu

Leu

Ala

Met

390

Gln

Val

Ile

Gly

Gln

470

Tyr

Arg

Ser

Gly

Ser

550

Val

Ala

Phe

Gly

Ala

630

Ala

Arg

Pro

Ala

Leu
710

Lys

His

Asp

Tyr

Ser

375

Leu

Arg

Arg

Glu

Tyr

455

Arg

Leu

Phe

Pro

Val

535

Val

Gly

Pro

Gly

Val

615

Leu

Pro

Glu

Ile

His
695
His

Thr

Glu

Ala

Ile

360

Phe

Leu

Leu

Met

Ile

440

Leu

Trp

Ala

Ala

Ile

520

Leu

Leu

Phe

Arg

Asn

600

Arg

Glu

Gln

Gly

Ala

680

Trp

Gly

Ala

Glu

Glu

345

Asp

Ile

Leu

Cys

Met

425

Phe

Ala

Pro

Arg

Val

505

Tyr

Ala

Leu

Ala

Val

585

Arg

Leu

Ala

Leu

Gly

665

Val

Arg

Met

Arg

Pro
745

330

Thr

Arg

Gln

Lys

Tyr

410

Phe

Val

Val

Leu

Ala

490

Thr

Arg

Thr

Val

Leu

570

Gln

Ser

Leu

Gly

Glu

650

Thr

Arg

Thr

Ala

Asp
730

Lys

Ala

Ala

Gln

Asn

395

Leu

Leu

Ala

Ser

Val

475

Ile

Ala

Pro

Leu

Val

555

Arg

Met

Leu

Val

Gly

635

Arg

Val

Glu

Met

Arg
715

Phe

Glu

Leu

Met

Arg

380

Pro

Asn

Val

Thr

Phe

460

Ser

Val

Lys

Leu

Val

540

Gly

Ala

Glu

Thr

Arg

620

Leu

Met

Met

Thr

Arg
700
Ile

Met

Lys

Glu

Ile

365

Gly

Leu

Ser

Ala

Phe

445

Leu

Glu

Thr

Asp

Leu

525

Arg

Gly

Val

Val

Ala

605

Leu

Ile

Val

Val

Val

685

Glu

Leu

Asp

Gln

Ile

350

Ala

Arg

Phe

Met

Pro

430

Glu

Val

Val

Thr

Glu

510

Phe

Trp

Trp

Ala

Pro

590

Thr

Pro

Gln

Arg

Gly

670

Ala

Ala

Trp

Glu

Ala
750

335

His

Gly

Trp

Arg

Ser

415

Leu

Glu

Gln

Tyr

Leu

495

Thr

Thr

Val

Ala

Glu

575

Ala

Val

Gly

Phe

Gly

655

Val

Tyr

Thr

Met

Pro
735

His

Ser

Leu

Ala

Arg

400

Phe

Ile

Val

Asn

Glu

480

Leu

Leu

Phe

Ala

Val

560

Lys

Glu

Leu

Val

Gln

640

Arg

Ile

Leu

Met

Ala
720

Ala

Leu
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Leu Ala Phe
755

Leu Leu Asp
770

Trp Gly Ser
785

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Thr Asp Phe Ser Thr Glu Pro Asp Trp Ala Gly Glu

760

765

Pro Thr Ala Gln Val Ser Ala Arg Pro Asn Thr Val Ala

Asn

D NO 13
H: 672
DNA

775

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 13

atgacacagg
ctgetgette
gaggagacgg
gegetecteg
aacgccacga
ccgatteteg
cectteggec
gtctttgecy
cegeccacygyg
tgcacgcgea
gececegeccy
ccgatgecect
<210> SEQ I

<211> LENGT.
<212> TYPE:

catcgaaatg
tggcctgega
cgcagttecg
tgcaggageg
cgctegaagy
agcggeteca
gggtgagega
aggagcggcet
cceggeceggt
acggcacgga
aagcggtgge
ga

D NO 14

H: 223
PRT

gtacgccegyg

gtcgacctee

caccgtecce

ggatctgggc

cgacaatatg

getgcagage

cagcgetete

tggcgtggac

tCngCgng

ggaggegetyg

cggtacgggg

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 14

Met Thr Gln
1

Leu Ala Ala
Gly Arg Pro
35

Val Pro Ala
50

Gln Glu Arg
65

Asn Ala Thr

Ala Pro Gly

Asp Ala Asp
115

Ala Leu Ser
130

Glu Arg Leu
145

Ala Ser Lys Trp Tyr

Leu Leu Leu Leu Leu

20

Ala Leu Ser Ile Arg

40

Ser Arg Ala Trp Val

Asp Leu Gly Gly Asp

70

Thr Leu Glu Gly Asp

85

Gly Pro Ile Leu Glu

100

Gly Ala Leu Pro Lys

120

Thr Arg Glu Asp Val

135

Gly Val Asp Thr Val
150

ctaaggcceeg
attcceggea
gecagecggg
ggcgaccteyg
atcatcttge
ttcgccgatyg
agcacgcgeg
acggtetgeg
atcgaggege
cggeccateg

gcagggcgca

eroides

Ala Arg Leu
10

Ala Cys Glu
25

Glu Glu Thr

Ala Val Pro

Leu Glu Gln
75

Asn Met Ile
90

Arg Leu Gln
105

Pro Phe Gly

Leu Gly Thr

Cys Val Leu
155

780

gecttecget
ggceegeget
cctgggtege
agcagcggat
gaggceeggge
ccgatggege
aggatgtget
ttctggecat
tggacgtgat
gegeggecag

cecctetegee

Arg Pro Gly

Ser Thr Ser
30

Ala Gln Phe
45

Gly Ala Leu

Arg Ile Ala

Ile Leu Arg

Leu Gln Ser
110

Arg Val Ser
125

Val Val Phe
140

Ala Met Arg

ggcggegett
ctcgatcege
cgtgececggg
cgegetgecay
gecgggegga
getgeccaag
cggcaccgty
gegecggatyg
getgegcaac
ccteggette

cctegecgee

Leu Pro
15

Ile Pro

Arg Thr

Leu Val

Leu Pro

80
Gly Arg

95

Phe Ala

Asp Ser

Ala Glu

Arg Met
160

60

120

180

240

300

360

420

480

540

600

660

672
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Pro Pro Thr
Met Leu Arg
Ile Gly Ala

195
Thr Gly Ala

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Arg Pro Val Pro

165

Asn Cys Thr Arg Asn

180

Ala Ser Leu Gly Phe

200

Gly Arg Thr Leu Ser

D NO 15
H: 2370
DNA

215

<213> ORGANISM: Rhodobacter spha

<400> SEQUE:

atgacgggca

ggcaatttce

cgegeaeage

gectgeageyg

atccacagcet

thCngggt

gggccggcecc

ctacggcacyg

ctgegecceyg

gagcgacgceyg

cttetteteg

gecegeateyg

ctgcegggat

cteceegeceyg

ctgcaccatg

cecgtggegg

ggtcaggtet

ttcttegace

tgcctecaga

gggatgcgge

CtgggCgCgC

gacgaattcg

gcegaggecy

ctcacgeteg

gaggggctge

agggcctgtg

caggagttge

agccteggeg

cegeagegeg

NCE: 15

agggacaggyg

atgcaagccc

tctetgecac

cggatgtege

gggtgcgtga

cggaccagac

gegategget

gggtgctgge

aggatctege

aaagcgagceg

aatcgatcct

tcttegecaa

gcaccctega

aggceetgec

tgctgatgge

ccggegcegge

cggecgacag

ctctgacggy

cectgegeceyg

aggtgaacgg

ggctggacaa

tgctgacctyg

aggcccageg

aggtcaccge

tgaagggcgt

cctaceggge

gecgaggcgat

agaccggget

ggcttetgge

tggatcttgg

caccaccgcce

cgacaccgag

gcaggtctge

cggccatate

cgggeeegte

cgcggggatg

gggccgggtyg

cgegetgeag

gctcacgacy

geggaccage

cgatgaggcg

gggcegtggge

ggthCgCgC

cgcegacgge

gacagceggtg

cgegetgege

gcetttacaac

cgagaaggec

caccegegygy

cctgeggeag

cggcgagace

catcctegag

ctcgategge

cgatctggec

cgacatggag

cegecgegac

cgagatecgtyg

geccategece

Ala Arg Ile
170

Gly Thr Glu
185

Ala Pro Pro

Pro Leu Ala

eroides

gtgcecggggy
acggtgettyg
atcgagaccyg
cgtgegggga
gtcttgaaca
atgctgegeg
gagttgceggt
cttetggget
tcectegeey
gaggcggceag
acctcggeca
geggeectee
tgcecgectte
gecattgety
cgacagagga
cgegtegteg
acggcgeteg
cgceggggea
ttcectetege
cactggetygyg
gacggeggeg
catccecgacyg
tegetgeggy
cttgcegeca
gtcatggecyg
caggacatgg
gagttccgca
ggtcaggagg

ttcatcccect

Glu Ala Leu Asp Val
175

Glu Ala Leu Arg Pro
190

Glu Ala Val Ala Gly
205

Ala Pro Met Pro
220

tegttteege gaccgaccge
acatcatcgg ccgcatcctyg
cecctegegea ggtggeggac
ccacgggecce tctegagecg
tccaagactt gtgcaaattce
acctgaagga ccttcccgag
cgctegtege ggtgcecgatg
ggcagacgge gagcagcgac
aggccatgca tgceggecgeg
cggcgetgca ggaggaccgg
tcctegectt cgatgecgat
tcggaacgga cgcgaaccgt
tgtcgegega gggcegagecoc
aggggcagac gctccgegac
tcctgtegat caacgeggec
ccaccatcga cgacgtgace
ccgaagcegea tcagetegec
tcgtcegaggt getgegegac
ttctctatat cgatctggac
gegacegggt cctgcaggeg
accteggecyg gatcteggee
cegecggege ggtegecgec
agcegttegt ggtggatgge
ttteggecga ggatteggte
ccaaggcege gggeggcegac
tgggtegegt ggecctegeg
tctacttega accgatggte
cgctgatecyg ctgggageat

tcgecgagga gaccggette

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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76

-continued
atccgegaca tcgaccgetyg ggtgetgege geggeggeac aggagetege ccegetgggece 1800
gaggatcceg cgcgecgceca tcteggggte tcgatcaaca tcagcectecgge gcagttectg 1860
tccgaggagt teggecagat ggtgegegag gtgctggacg agaccggegt cgatcccace 1920
cggatcegage tggaggtcac cgagggcacg ctectgteca atcteggect cgegeggace 1980
acgatgatgg acctgcgctce gcectcecggcatce tccatcgege tggacgattt cggcaccggce 2040
ttectectege tcagctatet gegggacctg ccegtggacg tgttgaagat cgaccgcagce 2100
ttettgggeg gectgtcgga ctcgaaggcg aaccggacca tcctcgaagg gatcatcgga 2160
cttgectegg ggcteggegt ggcgcetggtg gccgaggggg tggagacgece ggcgcagtte 2220
gcctggetge gggccaaggg atgccggacce ttccaggget acctettegg ccgeccggte 2280
gatgaggcege agacgcagcet cgegeccgag gtgtecgege teggeggeca cggaggegac 2340
cgtgecggttt cgggccagat caagggctga 2370

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

D NO 16
H: 789
PRT

<400> SEQUENCE: 16

Met Thr Gly
1

Ala Thr Asp

Leu Asp Ile

Thr Glu Ile
50

Asp Val Ala
65

Ile His Ser

Leu Cys Lys

Arg Asp Leu
115

Gly Met Glu
130

Val Leu Ala
145

Leu Arg Pro

His Ala Ala

Ala Ala Ala
195

Thr Ser Thr
210

Phe Ala Asn
225

Leu Pro Gly

Glu Gly Glu

Lys Gly Gln Gly Gly

Arg Gly Asn Phe His

20

Ile Gly Arg Ile Leu

40

Glu Thr Ala Leu Ala

55

Gln Val Cys Arg Ala

70

Trp Val Arg Asp Gly

85

Phe Cys Pro Gly Ser

100

Lys Asp Leu Pro Glu

120

Leu Arg Ser Leu Val

135

Gly Arg Val Leu Leu
150

Glu Asp Leu Ala Ala

165

Ala Glu Arg Arg Glu

180

Leu Gln Glu Asp Arg

200

Ser Ala Ile Leu Ala

215

Asp Glu Ala Ala Ala
230

Cys Thr Leu Glu Gly

245

Pro Leu Pro Pro Glu

Ser

Ala

25

Arg

Gln

Gly

His

Asp

105

Gly

Ala

Gly

Leu

Ser

185

Leu

Phe

Leu

Val

Ala

sphaeroides

Trp

10

Ser

Ala

Val

Thr

Ile

90

Gln

Pro

Val

Trp

Gln

170

Glu

Leu

Asp

Leu

Gly
250

Leu

Val

Pro

Pro

Ala

Thr

75

Val

Thr

Ala

Pro

Gln

155

Ser

Arg

Leu

Ala

Gly
235

Cys

Pro

Pro Gly Val

Thr Thr Ala
30

Leu Ser Ala

Asp Ala Cys
60

Gly Pro Leu

Leu Asn Ile

Gly Pro Val
110

Arg Asp Arg
125

Met Leu Arg
140

Thr Ala Ser

Leu Ala Glu

Leu Thr Thr
190

Glu Ser Ile
205

Asp Ala Arg
220
Thr Asp Ala

Arg Leu Leu

Val Ala Arg

Val Ser
15

Thr Val

Thr Asp

Ser Ala

Glu Pro
80

Gln Asp
95

Met Leu

Leu Ala

His Gly

Ser Asp
160

Ala Met
175

Glu Ala

Leu Arg

Ile Val

Asn Arg
240

Ser Arg
255

Ala Ile
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78

Ala

Asp

Gly

305

Gly

Gly

Lys

385

Leu

Arg

Asp

Leu

465

Glu

Ala

Met

Arg

Thr

545

Pro

Glu

Ala

Gly

Gly

625

Arg

Leu

Ala

Glu

Gly

290

Ala

Gln

Gln

Ile

Ala

370

Asn

Gly

Ile

Ala

Glu

450

Thr

Gly

Gly

Val

Asp

530

Gly

Gln

Thr

Gln

Val

610

Gln

Ile

Ala

Leu

Gly

275

Arg

Ala

Val

Leu

Val

355

Phe

Gly

Ala

Ser

Ala

435

Ser

Ala

Leu

Gly

Gly

515

Glu

Leu

Arg

Gly

Glu

595

Ser

Met

Glu

Arg

Asp
675

260

Gln

Gln

Thr

Ser

Ala

340

Glu

Leu

Thr

Arg

Ala

420

Gly

Leu

Ser

Leu

Asp

500

Arg

Phe

Glu

Gly

Phe

580

Leu

Ile

Val

Leu

Thr
660

Asp

Thr

Arg

Ala

Ala

325

Phe

Val

Ser

Arg

Leu

405

Asp

Ala

Arg

Ile

Lys

485

Arg

Val

Arg

Ile

Leu

565

Ile

Ala

Asn

Arg

Glu
645

Thr

Phe

Leu

Ile

Val

310

Asp

Phe

Leu

Leu

Gly

390

Asp

Glu

Val

Glu

Gly

470

Gly

Ala

Ala

Ile

Val

550

Leu

Arg

Arg

Ile

Glu
630
Val

Met

Gly

Arg

Leu

295

Arg

Ser

Asp

Arg

Leu

375

His

Asn

Phe

Ala

Pro

455

Leu

Val

Cys

Leu

Tyr

535

Gly

Ala

Asp

Trp

Ser

615

Val

Thr

Met

Thr

Asp

280

Ser

Val

Ala

Pro

Asp

360

Tyr

Trp

Leu

Val

Ala

440

Phe

Ala

Asp

Ala

Ala

520

Phe

Gln

Pro

Ile

Ala

600

Ser

Leu

Glu

Asp

Gly
680

265

Leu

Ile

Val

Leu

Leu

345

Cys

Ile

Leu

Arg

Leu

425

Ala

Val

Ala

Leu

Tyr

505

Gln

Glu

Glu

Ile

Asp

585

Glu

Ala

Asp

Gly

Leu
665

Phe

His

Asn

Ala

Arg

330

Thr

Leu

Asp

Gly

Gln

410

Thr

Glu

Val

Ile

Ala

490

Arg

Glu

Pro

Ala

Ala

570

Arg

Asp

Gln

Glu

Thr
650

Arg

Ser

His

Ala

Thr

315

Thr

Gly

Gln

Leu

Asp

395

Asp

Cys

Ala

Asp

Ser

475

Val

Ala

Leu

Met

Leu

555

Phe

Trp

Pro

Phe

Thr
635
Leu

Ser

Ser

Val

Ala

300

Ile

Ala

Leu

Thr

Asp

380

Arg

Gly

Gly

Glu

Gly

460

Ala

Met

Asp

Arg

Val

540

Ile

Ile

Val

Ala

Leu

620

Gly

Leu

Leu

Leu

Leu

285

Pro

Asp

Leu

Tyr

Cys

365

Gly

Val

Gly

Glu

Ala

445

Leu

Glu

Ala

Met

Glu

525

Ser

Arg

Pro

Leu

Arg

605

Ser

Val

Ser

Gly

Ser
685

270

Met

Val

Asp

Ala

Asn

350

Ala

Met

Leu

Asp

Thr

430

Gln

Thr

Asp

Ala

Glu

510

Ala

Leu

Trp

Phe

Arg

590

Arg

Glu

Asp

Asn

Ile
670

Tyr

Ala

Ala

Val

Glu

335

Arg

Arg

Arg

Gln

Leu

415

His

Arg

Leu

Ser

Lys

495

Gln

Ile

Gly

Glu

Ala

575

Ala

His

Glu

Pro

Leu
655

Ser

Leu

Ala

Ala

Thr

320

Ala

Arg

Glu

Gln

Ala

400

Gly

Pro

Ile

Glu

Val

480

Ala

Asp

Arg

Glu

His

560

Glu

Ala

Leu

Phe

Thr
640
Gly

Ile

Arg
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80

Asp Leu Pro
690

Leu Ser Asp
705

Leu Ala Ser

Pro Ala Gln

Gly Tyr Leu

755

Pro Glu Val
770

Gly Gln Ile
785

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Asp Val Leu Lys

695

Ser Lys Ala Asn Arg
710

Gly Leu Gly Val Ala

725

Phe Ala Trp Leu Arg

740

Phe Gly Arg Pro Val

760

Ser Ala Leu Gly Gly

Lys Gly

D NO 17
H: 570
DNA

775

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 17

atgacgctca ccttggecca gaccctggac

geggegatca
cagcactacc
teggeacget
tceccteatge
atcccegagyg
gaggcgatcg
tgcctecgea
geegeggece
gtgttcgage
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

gtttccegea
ggegtgtget
gcgaccatta
cctegeccta
gtcegttega
agcggettge
gecttetgtt
teggteggec
cggaacgege
D NO 18

H: 189
PRT

acggeggatg
ggagctcggg
tgtcggecte
tgcgcagacce
tctegtggty
ggtgcggttg
cgagggtece
gctcaccgee

cgecegectga

ISM: Rhodobacter spha

<400> SEQUENCE: 18

Met Thr Leu
1

Gly Asn Pro

Gln Ala Leu
35

Leu Gly Cys
50

Asp His Tyr
65

Ser Leu Met

Val Pro Glu

Thr Leu Ala Gln Thr

Thr Ala Ala Ile Ser

20

Ala Phe Leu Pro Arg

40

Gly Ser Gly Ala Leu

55

Val Gly Leu Asp Ala

70

Pro Ser Pro Tyr Ala

85

Asp Ile Pro Glu Gly

100

Ile Asp Arg
Thr Ile Leu
715

Leu Val Ala
730

Ala Lys Gly
745

Asp Glu Ala

His Gly Gly

eroides

cgctgecteg
ctgggtcagg
tgcgggtegg
gatgcggacg
gaattccgee
ctgaacgggg
cgccaggtygg
gacgaggcgt

tgcaactteg

eroides

Leu Asp Arg

Phe Pro Gln
25

Gln His Tyr

Ala Arg Gly

Asp Ala Asp

75

Gln Thr Glu
90

Pro Phe Asp
105

Ser Phe Leu
700

Glu Gly Ile

Glu Gly Val

Cys Arg Thr

750

Gln Thr Gln
765

Asp Arg Ala
780

atatcgcagg
cgectggegtt
gggcgetgge
ccgatgetet
agggecgggt
tgctgcagga
cgecttegge
tccgeccgea

accggetgtt

Cys Leu Asp

Arg Arg Met
30

Arg Arg Val
45

Leu Ser Ala
60

Ala Leu Asp

Phe Arg Gln

Leu Val Val
110

Gly Gly
Ile Gly
720

Glu Thr
735

Phe Gln

Leu Ala

Val Ser

aaatccgacce
cctgeegegt
gegeggtett
ggatgaggeg
gecegaggac
tctgeeggee
cgacatccte
ggcegecetyg

ccgcatcgac

Ile Ala

Leu Gly

Leu Glu

Arg Cys

Glu Ala

80

Gly Arg
95

Leu Asn

60

120

180

240

300

360

420

480

540

570
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Gly Val Leu
115

Arg Leu Arg
130

Leu Leu Phe
145

Ala Ala Ala

Phe Arg Ile

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gln Asp Leu Pro Ala

120

Gln Val Ala Pro Ser

135

Glu Gly Pro Asp Glu
150

Leu Gly Arg Pro Leu

165

Asp Val Phe Glu Pro

180

D NO 19
H: 1638
DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 19

gtgacacgat

agacgcegtt

cagttggeeg

gecegecgcea

gggctegece

ttecgcaggec

gtggeggeac

ttcegtgact

ggttcgggct

dgggcecgacy

ggcaccgatce

ttcegtgaget

aacccgetygyg

ctcteeggea

ggngtCCgC

ccgaacggeyg

gtgcagcage

gacgtgacce

accgacgtge

accttegata

cccattggeg

gtgacgcteyg

gagccgacgyg

gagcaggecyg

gatccggect

ggccagcaga

dcggggegga

ctgacggtca

gectgtegge

tgcattgegyg

ctcagetatce

tccacceggt

tggCgCtggC

tcgecgagaa

ccacgcagaa

tcatggacce

tcgtgatete

acatccagat

cgaagaccga

tcggcaacte

ggcagggctt

cctacgacga

tgttcaacat

getegategyg

tgcgcgagtt

ccgacgtgge

cggaaggecc

gegegecegt

aggcggtgcg

ggcgtcgcga

aaccgtegac

gagagctggg

ccgaggecta

aagtggtcte

aatcgetget

gcgagtag

ggggCCCth

cgcatettge

tcgaaaggag

gecegegteg

gcaggccgtg

gatcagcccyg

ttcgeceecte

gcagaaccge

ggaagacggc

cgagttette

catcgegetyg

cgacctegec

cteggteteg

ttacatccag

dgacgggceag

catcggette

cggcgagace

cgaggcgatg

cgcgaaagag

ggcggacace

tgtcatcgtyg

ggaagccgag

ggcegatett

cectgeecegge

ttccaaggge

gatcaaggat

cctgetgate

Glu Ala Ile

Ala Asp Ile

Ala Phe Arg

155

Thr Ala Cys
170

Glu Arg Ala
185

eroides

cggcaggett
ccgactgtea
tcgggtgtge
gtctegegte
gecggtcaagg
geegtegtga
gtgcccegaag
ggcgagggece
tacatcgtca
tcgggcaaga
ctgaaggteg
cgegttggeyg
geeggeateg
accgacgeceg
gtgatcggeg
tcgatggect
cgecegegget
ggcctcacey
geeggeatge
cgcgatetygyg
atgcgcgaag
aacgaaggcc
ctgggectga
ggcaccgagg
ttgcgegagg
ctgcaggacc

¢gecgeggey

Glu Arg Leu Ala Val

125

Leu Cys Leu Arg Ser

140

Pro Gln Ala Ala Leu

160

Asn Phe Asp Arg Leu

Ala Ala

cacatgagct

cttcggggcg

agtctcacge

tcttectege

cgcagaacge

acatcacgac

getegeccett

cgegeegete

ccaacaatca

agctcgagge

atgggaacca

actgggtegt

tgthgCgCg

ccatcaaccy

tgaacacggce

cgaacgtggt

ggCthgCgt

aggccaaagg

agtctggega

thgCnggt

gcaagaccceg

ccgaggeace

cegtggegece

ggcttgeegt

gagacgtgat

gtgtgaccga

gegatceegeg

175

tgacgggceca

gtgcagettyg

cattaccatc

getgatgete

tccegecaagt

ctcgaccgte

cgaggattte

cgaggcgetg

tgtcatcgaa

gaagctegte

geegetgece

ggcgatggge

caaccgggec

cggcaatteg

gatcctgteg

ggtgaaggtc

geggatccag

cgcectegty

cgtgatcgtyg

ggccgatgcg

gaccctgteg

cggegegace

gctcacggece

gacggatgte

caccgaggec

dgcgegggag

tttegtggee

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1638
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<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rhodobacter

PRT

<400> SEQUENCE:

Met
1

Lys
His
65

Gly

Ala

Pro
Met
145

Gly

Lys

Ala

Gly

225

Asn

Arg

Ala

Gly

Ser
305

Thr

Lys

Thr

Asp

Thr

Glu

50

Pro

Leu

Pro

Asn

Leu

130

Asp

Ser

Val

Lys

Leu

210

Asn

Pro

Asn

Ala

Gln

290

Ile

Gln

Arg

Glu

Glu
370

Arg

Gly

Ser

35

Ser

Val

Ala

Ala

Ile

115

Val

Pro

Gly

Ile

Leu

195

Leu

Ser

Leu

Arg

Ile

275

Val

Gly

Gln

Ile

Ala
355

Ala

Cys

Pro

20

Gly

Gly

Pro

Leu

Ser

100

Thr

Pro

Gln

Phe

Glu

180

Glu

Lys

Asp

Gly

Ala

260

Asn

Ile

Ile

Leu

Gln
340

Lys

Gly

545

20

Leu

Arg

Arg

Val

Ala

Ala

85

Phe

Thr

Glu

Asn

Val

165

Gly

Ala

Val

Leu

Gln

245

Leu

Arg

Gly

Gly

Arg

325

Asp

Gly

Met

Ser

Arg

Cys

Gln

Ser

70

Leu

Ala

Ser

Gly

Arg

150

Ile

Ala

Lys

Asp

Ala

230

Gly

Ser

Gly

Val

Phe

310

Glu

Val

Ala

Gln

Ala

Arg

Ser

Ser

55

Val

Ala

Gly

Thr

Ser

135

Gly

Ser

Asp

Leu

Gly

215

Arg

Phe

Gly

Asn

Asn

295

Ser

Phe

Thr

Leu

Ser
375

sphaeroides

Gly

Leu

Leu

40

His

Ser

Gln

Leu

Val

120

Pro

Glu

Glu

Asp

Val

200

Asn

Val

Ser

Thr

Ser

280

Thr

Met

Gly

Pro

Val
360

Gly

Pro

His

Gln

Ala

Arg

Ala

Ala

105

Val

Phe

Gly

Asp

Ile

185

Gly

Gln

Gly

Val

Tyr

265

Gly

Ala

Ala

Glu

Asp
345

Thr

Asp

Cys

10

Cys

Leu

Ile

Leu

Val

Glu

Ala

Glu

Pro

Gly

170

Gln

Thr

Pro

Asp

Ser

250

Asp

Gly

Ile

Ser

Thr
330
Val

Asp

Val

Arg

Gly

Ala

Thr

Phe

75

Ala

Lys

Ala

Asp

Arg

155

Tyr

Ile

Asp

Leu

Trp

235

Ala

Asp

Pro

Leu

Asn

315

Arg

Ala

Val

Ile

Gln

Ala

Ala

Ile

60

Leu

Val

Ile

Pro

Phe

140

Arg

Ile

Glu

Pro

Pro

220

Val

Gly

Tyr

Leu

Ser

300

Val

Arg

Glu

Pro

Val
380

Ala

Ser

Gln

45

Ala

Ala

Lys

Ser

Thr

125

Phe

Ser

Val

Phe

Lys

205

Phe

Val

Ile

Ile

Phe

285

Pro

Val

Gly

Ala

Glu
365

Thr

Ser

Cys

30

Leu

Arg

Leu

Ala

Pro

110

Gln

Arg

Glu

Thr

Phe

190

Thr

Val

Ala

Val

Gln

270

Asn

Asn

Val

Trp

Met
350

Gly

Phe

His

15

Pro

Ser

Arg

Met

Gln

95

Ala

Asn

Asp

Ala

Asn

175

Ser

Asp

Ser

Met

Ser

255

Thr

Met

Gly

Lys

Leu
335
Gly

Pro

Asp

Glu

Thr

Arg

Ile

Leu

80

Asn

Val

Ser

Phe

Leu

160

Asn

Gly

Ile

Phe

Gly

240

Ala

Asp

Asp

Gly

Val

320

Gly

Leu

Ala

Ser
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86

Ala

385

Pro

Arg

Gly

Asp

Glu

465

Asp

Ile

Asp

Glu
545

<210>
<211>
<212>
<213>

<400>

Pro

Ile

Thr

Pro

Leu

450

Leu

Pro

Thr

Arg

Ile
530

Val

Gly

Leu

Glu

435

Leu

Gly

Ala

Glu

Val

515

Arg

atggcaaccyg

gcgaatctcea

aaactgtegg

gectacatgg

tggggcaaga

aagccgeage

catceccttet

geegtegagg

cgccagateg

gaacgcgeca

gacatcgagg

gtggggcaga

ctgatccagt

ccctggatca

ctggtggatce

geeggeateg

cgctegatca

ctcacgetga

ttcttcacca

Ala Asp Thr Arg Asp
390

Glu Ala Val Arg Val

405

Ser Val Thr Leu Gly

420

Ala Pro Gly Ala Thr

440

Gly Leu Thr Val Ala

455

Leu Pro Gly Gly Thr
470

Ser Glu Ala Tyr Ser

485

Ala Gly Gln Gln Lys

500

Thr Glu Ala Arg Glu

520

Arg Gly Gly Asp Pro

SEQ ID NO 21
LENGTH: 1806
TYPE: DNA

ORGANISM: Rhodobacter

SEQUENCE: 21

aagagcagtc

ccegeatega

accecegeget

ccgagatgat

gectgaaaca

cggacgtgac

tcaactatct

cgctggagea

tcgatetttt

tcgecaccga

ccaacaacgg

acctegecac

acaagcccac

acaagttcta

agggcttcac

gcatggacga

cceggcagaa

cgctggegea

cgctcaccga

535

tcegggttec

cgagctgteg

gecacgggece

gcagaacccyg

ttacgtcgag

gccgaaggac

caagcagcag

tatcgageeg

ctcgeccacy

cggcgagagc

cgatctgete

caccgaaggyg

gaccgagacyg

catcctegac

ggtettegte

ctacatcege

gcagatcaac

cctgcagaag

ctttteggac

Leu

Ile

Arg

425

Glu

Pro

Glu

Lys

Val

505

Ala

Arg

Val

Val

410

Arg

Pro

Leu

Gly

Gly

490

Val

Gly

Phe

sphaeroides

Arg

395

Met

Glu

Thr

Thr

Leu

475

Leu

Ser

Arg

Val

ggCCgtgan

aaacggctga

thggCgan

gccaagatcee

gctecagcace

cgecegettet

tatctgatga

tccgacaaga

aacttctteg

ctggtgcagg

gtcacgetygyg

tcggtegtet

gtccacgaga

ctcaagcege

gtCthtggg

gaaggctaca

geggtagget

gcgggcgatc

cecgggtgagg

Arg Val Ala

Arg Glu Gly

Glu Ala Glu

430

Glu Pro Ser
445

Ala Glu Gln
460

Ala Val Thr

Arg Glu Gly

Ile Lys Asp

510

Lys Ser Leu
525

Ala Leu Thr
540

ctcagttega
cggeegetet
tcttectgaa
tcgagcatca
agctggtgaa
cgaacccget
acgccgagge
agcgggtega
gcaccaatce
ggctggagaa
ccgaccccga
accgcaaccyg
cgecegetget
agaattcect
tgaaccccga
tgcgcgecat
attgcatcge
cgtecegtacy

tgggggtgtt

Asp Ala
400

Lys Thr
415

Asn Glu

Thr Ala

Ala Gly

Asp Val
480

Asp Val
495

Leu Gln

Leu Leu

Val Ser

gegtcetgaac
cacgaagcge
ggcgatgacg
gatcagttte
gggcgagetg
ctggcagacyg
ggtgaatcag
atatttcteg
cgacgegete
tctegtgege
ggcetttceag
catgttcgag
gatcttteeg
gectgaagtgg
caagagctat
ggccgaggtyg
gggcaccacg
ctcggecace

cctcaacgac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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-continued
gatttcgteg acgggatcga gcggcaggtg gcggtggacyg ggatcctcga caagacctte 1200
atgtcgegca ccttcagecta tetgeggtceg aacgacctga tcectatcagee ggcgatcaag 1260
agctacatga tgggcgagge gecgecggece ttegacctge tetactggaa cggagacgge 1320
accaacctge cggcgcagat ggecggtegaa tacctgegtg gectgtgeca gcaggaccegg 1380
ctggcgggeg gcaccttecee ggtgctggge tcegeccgtgg ggctgaagga tgtgacgett 1440
ccegtetgeg ccategectyg cgagaccgac catatcgege cgtggaaaag cagcttcaac 1500
ggcttcegte agttcecggcte gaccgacaag accttcatte tetctcaatce gggccatgtyg 1560
gegggeateg tgaaccegec cagecgcaac aaatacggece attacaccaa cgagggeccg 1620
gecggeacge cggagtegtt cegggagggyg gecgagttee acgegggete ctggtggecyg 1680
cgetggggeg cctggetege cgagegateg ggcaageagg teceggegeg ccagecggge 1740
gattcgaaac atcccgaget cgegeeggeyg ccceggatcect atgtggegge ggtgggeggyg 1800
gcttga 1806

<210> SEQ ID NO 22
<211> LENGTH: 601

<212> TYPE:

<213> ORGANISM: Rhodobacter

PRT

<400> SEQUENCE: 22

Met Ala Thr Glu Glu Gln Ser Pro

1

Glu

Leu

Gly

Glu

65

Trp

Lys

Phe

Gln

Leu

145

Arg

Pro

Gln

Leu

Leu
225

Arg

Thr

Pro

50

Met

Gly

Gly

Ser

Gln

130

Glu

Gln

Asp

Gly

Leu
210

Ala

Ile

Leu

Ala

35

Ser

Met

Lys

Glu

Asn

115

Tyr

His

Ile

Ala

Leu

195

Val

Thr

Gln

Asn

20

Ala

Gly

Gln

Ser

Leu

100

Pro

Leu

Ile

Val

Leu

180

Glu

Thr

Thr

Tyr

Ala Asn

Leu Thr

Asp Val

Asn Pro
70

Leu Lys
85

Lys Pro

Leu Trp

Met Asn

Glu Pro

150

Asp Leu
165

Glu Arg

Asn Leu

Leu Ala

Glu Gly

230

Lys Pro

Leu

Lys

Phe

55

Ala

His

Pro

Gln

Ala

135

Ser

Phe

Ala

Val

Asp
215

Ser

Thr

Thr

Arg

40

Leu

Lys

Tyr

Pro

Thr

120

Glu

Asp

Ser

Ile

Arg

200

Pro

Val

Thr

Gly

Arg

Lys

Lys

Ile

Val

Asp

105

His

Ala

Lys

Pro

Ala

185

Asp

Glu

Val

Glu

sphaeroides

Ser

10

Ile

Leu

Ala

Leu

Glu

90

Val

Pro

Val

Lys

Thr

170

Thr

Ile

Ala

Tyr

Thr

Gly

Asp

Ser

Met

Glu

75

Ala

Thr

Phe

Asn

Arg

155

Asn

Asp

Glu

Phe

Arg
235

Val

Arg Asp Ala

Gln Phe
15

Glu

Asp

Thr

60

His

Gln

Pro

Phe

Gln

140

Val

Phe

Gly

Ala

Gln
220

Asn

His

Leu

Pro

45

Ala

Gln

His

Lys

Asn

125

Ala

Glu

Phe

Glu

Asn

205

Val

Arg

Glu

Ser

30

Ala

Tyr

Ile

Gln

Asp

110

Tyr

Val

Tyr

Gly

Ser

190

Asn

Gly

Met

Thr

Lys

Leu

Met

Ser

Leu

95

Arg

Leu

Glu

Phe

Thr

175

Leu

Gly

Gln

Phe

Pro

Arg

His

Ala

Phe

80

Val

Arg

Lys

Ala

Ser

160

Asn

Val

Asp

Asn

Glu
240

Leu
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-continued

245 250 255

Leu Ile Phe Pro Pro Trp Ile Asn Lys Phe Tyr Ile Leu Asp Leu Lys
260 265 270

Pro Gln Asn Ser Leu Leu Lys Trp Leu Val Asp Gln Gly Phe Thr Val
275 280 285

Phe Val Val Ser Trp Val Asn Pro Asp Lys Ser Tyr Ala Gly Ile Gly
290 295 300

Met Asp Asp Tyr Ile Arg Glu Gly Tyr Met Arg Ala Met Ala Glu Val
305 310 315 320

Arg Ser Ile Thr Arg Gln Lys Gln Ile Asn Ala Val Gly Tyr Cys Ile
325 330 335

Ala Gly Thr Thr Leu Thr Leu Thr Leu Ala His Leu Gln Lys Ala Gly
340 345 350

Asp Pro Ser Val Arg Ser Ala Thr Phe Phe Thr Thr Leu Thr Asp Phe
355 360 365

Ser Asp Pro Gly Glu Val Gly Val Phe Leu Asn Asp Asp Phe Val Asp
370 375 380

Gly Ile Glu Arg Gln Val Ala Val Asp Gly Ile Leu Asp Lys Thr Phe
385 390 395 400

Met Ser Arg Thr Phe Ser Tyr Leu Arg Ser Asn Asp Leu Ile Tyr Gln
405 410 415

Pro Ala Ile Lys Ser Tyr Met Met Gly Glu Ala Pro Pro Ala Phe Asp
420 425 430

Leu Leu Tyr Trp Asn Gly Asp Gly Thr Asn Leu Pro Ala Gln Met Ala
435 440 445

Val Glu Tyr Leu Arg Gly Leu Cys Gln Gln Asp Arg Leu Ala Gly Gly
450 455 460

Thr Phe Pro Val Leu Gly Ser Pro Val Gly Leu Lys Asp Val Thr Leu
465 470 475 480

Pro Val Cys Ala Ile Ala Cys Glu Thr Asp His Ile Ala Pro Trp Lys
485 490 495

Ser Ser Phe Asn Gly Phe Arg Gln Phe Gly Ser Thr Asp Lys Thr Phe
500 505 510

Ile Leu Ser Gln Ser Gly His Val Ala Gly Ile Val Asn Pro Pro Ser
515 520 525

Arg Asn Lys Tyr Gly His Tyr Thr Asn Glu Gly Pro Ala Gly Thr Pro
530 535 540

Glu Ser Phe Arg Glu Gly Ala Glu Phe His Ala Gly Ser Trp Trp Pro
545 550 555 560

Arg Trp Gly Ala Trp Leu Ala Glu Arg Ser Gly Lys Gln Val Pro Ala
565 570 575

Arg Gln Pro Gly Asp Ser Lys His Pro Glu Leu Ala Pro Ala Pro Gly
580 585 590

Ser Tyr Val Ala Ala Val Gly Gly Ala
595 600

<210> SEQ ID NO 23

<211> LENGTH: 1962

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 23

atggatcacg ctcaggcgaa tgcggtctat accgegtegg cagatttcat tgegcaagece 60

catgtcgacyg cggceggeta cgageggatg tatgetgeat cegtggecga cccggaggeg 120
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92

-continued
ttetggggeg aacagggcaa geggctegac tggatcaage cctacaccaa ggtcaagaac 180
acgaacttce ggccgggcega ggtctcegate aagtggtteg aggacggcac gctgaacate 240
gectggaact gcatcgaccg gcatctggeg acgcegggeca agcagaccgce gatcatctgg 300
gagccggacyg atccgaacgt gccggeccag cacatcaget atcaggaget gcacgacaac 360
gtetgecgea tggecaacgt getggtgage cagggegtge geaagggcega cegggtggtyg 420
atgtatctge cgatgatccce cgaggecgece tatgcegatge tggegtgege ccggatcgge 480
gecatccatt cegtegtett cgegggette tegeccgacyg cgctggegaa ccggatcaac 540
gactgtcagyg ccaaggtggt catcaccgcce gacacggcete cgegtggegg ceggegcacyg 600
cccttgaagt cgaacaccga cgcagcecectt ctecattget cggaccgggt gegetgecte 660
gtegtcaage acacgggcga ccagatccac tggatggacg gecgcgacgt ggacgtgaag 720
gagctgatge gccacgecte gceccgactge ccgatcgagg aggtgaatgce cgaggatccg 780
ctettecatee tctataccte gggctcegace ggcaagcecga agggggtegt gcacaccteg 840
ggecggctate tgacctatge cgccatgacce catcagatga ccttcgacta ccatgacgge 900
gacgtcttet ggtgcaccge ggacgtggge tgggtcacgg gecacagceta catcgtctac 960
ggecegetygyg cgaacggcege gaccacgete atgttegagg gegtgcecgac ctatcccgat 1020
gegggecget tetgggccegt ctgcgagaag cacaaggtga accagttcta caccgcgecce 1080
acggcgatcce gectcegcectgat gggccteggg ccggaatggg tcgacaagta cgacctgtceg 1140
tcgctgaage tecttgggete ggtgggcgag ccgatcaacce ccgaggcctg gagctggtac 1200
aacacccatg tcggcaaggg ccgctgecceg atcgtcegaca ccttetggea gaccgagace 1260
ggcggcecaca tgatcacgee gcetgecggge gegatcecegg tgaagecggg cgeggecteg 1320
aagcecttet tceggggtgaa gecggtgate ctegaccega ccgacgggea cgagetgcac 1380
gaaaccgcga ccgagggggt gcetctgcatce gecgacaget ggecggggca gatgegcacyg 1440
ctetggggeg accacgagceg gttcgaagag gcctatttet cgcaatacaa gggctattac 1500
ttcaccggeg acggctgeceg ccgcgatgceg gacggctatt actgggtcac gggccgggte 1560
gatgacgtca tcaacgtcte gggccaccgg atgggcaccyg ccgaggtgga atccgegetce 1620
gtegeccatyg cgcaggtcege cgaagecgceg gtggtggget atccgcacga catcaagggyg 1680
cagggcatct atgcctatgt cacgctgatg aacggggtcce agccgaccga ggagctgegce 1740
aaggatctgg tgaaatgggt ccgcaccgag atcggcccca tcgcectcecgece ggacgtgatce 1800
cagtgggcege cgggectgcece caagacccge tegggcaaga tcatgcegecyg catcctgege 1860
aagatcgceg agaacgactt cggctegete ggegacacca cgacgctgge cgatcegteg 1920
gtggtcgacg acctgatcgce caaccgcaag aaccggggct ga 1962
<210> SEQ ID NO 24
<211> LENGTH: 653
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 24

Met Asp His Ala Gln Ala Asn

1

Ile Ala Gln Ala His Val Asp

Ala Ser Val Ala Asp Pro Glu

35

5

20

40

10

30

45

Ala Val Tyr Thr Ala Ser Ala Asp Phe

15

Ala Ala Gly Tyr Glu Arg Met Tyr Ala
25

Ala Phe Trp Gly Glu Gln Gly Lys Arg



93

US 11,008,577 B1

-continued

94

Leu

Pro

65

Ala

Ala

Ser

Met

145

Ala

Asn

Ala

Ala

Thr

225

Glu

Ala

Pro

Met

Cys

305

Gly

Thr

Leu

Leu

385

Asn

Gln

Pro

Asp

Gly

Trp

Ile

Tyr

Ser

130

Ile

Ile

Arg

Pro

Leu

210

Gly

Leu

Glu

Lys

Thr

290

Thr

Pro

Tyr

Asn

Gly

370

Gly

Thr

Thr

Val

Ile
450

Trp

Glu

Asn

Ile

Gln

115

Gln

Pro

His

Ile

Arg

195

Leu

Asp

Met

Asp

Gly

275

His

Ala

Leu

Pro

Gln

355

Pro

Ser

His

Glu

Lys
435

Leu

Ile

Val

Cys

Trp

100

Glu

Gly

Glu

Ser

Asn

180

Gly

His

Gln

Arg

Pro

260

Val

Gln

Asp

Ala

Asp

340

Phe

Glu

Val

Val

Thr
420

Pro

Asp

Lys

Ser

Ile

85

Glu

Leu

Val

Ala

Val

165

Asp

Gly

Cys

Ile

His

245

Leu

Val

Met

Val

Asn

325

Ala

Tyr

Trp

Gly

Gly

405

Gly

Gly

Pro

Pro

Ile

70

Asp

Pro

His

Arg

Ala

150

Val

Cys

Arg

Ser

His

230

Ala

Phe

His

Thr

Gly

310

Gly

Gly

Thr

Val

Glu

390

Lys

Gly

Ala

Thr

Tyr

55

Lys

Arg

Asp

Asp

Lys

135

Tyr

Phe

Gln

Arg

Asp

215

Trp

Ser

Ile

Thr

Phe

295

Trp

Ala

Arg

Ala

Asp

375

Pro

Gly

His

Ala

Asp
455

Thr

Trp

His

Asp

Asn

120

Gly

Ala

Ala

Ala

Thr

200

Arg

Met

Pro

Leu

Ser

280

Asp

Val

Thr

Phe

Pro

360

Lys

Ile

Arg

Met

Ser
440

Gly

Lys

Phe

Leu

Pro

105

Val

Asp

Met

Gly

Lys

185

Pro

Val

Asp

Asp

Tyr

265

Gly

Tyr

Thr

Thr

Trp

345

Thr

Tyr

Asn

Cys

Ile
425

Lys

His

Val

Glu

Ala

90

Asn

Cys

Arg

Leu

Phe

170

Val

Leu

Arg

Gly

Cys

250

Thr

Gly

His

Gly

Leu

330

Ala

Ala

Asp

Pro

Pro
410
Thr

Pro

Glu

Lys

Asp

75

Thr

Val

Arg

Val

Ala

155

Ser

Val

Lys

Cys

Arg

235

Pro

Ser

Tyr

Asp

His

315

Met

Val

Ile

Leu

Glu

395

Ile

Pro

Phe

Leu

Asn

Gly

Arg

Pro

Met

Val

140

Cys

Pro

Ile

Ser

Leu

220

Asp

Ile

Gly

Leu

Gly

300

Ser

Phe

Cys

Arg

Ser

380

Ala

Val

Leu

Phe

His
460

Thr

Thr

Ala

Ala

Ala

125

Met

Ala

Asp

Thr

Asn

205

Val

Val

Glu

Ser

Thr

285

Asp

Tyr

Glu

Glu

Ser

365

Ser

Trp

Asp

Pro

Gly
445

Glu

Asn

Leu

Lys

Gln

110

Asn

Tyr

Arg

Ala

Ala

190

Thr

Val

Asp

Glu

Thr

270

Tyr

Val

Ile

Gly

Lys

350

Leu

Leu

Ser

Thr

Gly
430

Val

Thr

Phe

Asn

Gln

95

His

Val

Leu

Ile

Leu

175

Asp

Asp

Lys

Val

Val

255

Gly

Ala

Phe

Val

Val

335

His

Met

Lys

Trp

Phe
415
Ala

Lys

Ala

Arg

Ile

80

Thr

Ile

Leu

Pro

Gly

160

Ala

Thr

Ala

His

Lys

240

Asn

Lys

Ala

Trp

Tyr

320

Pro

Lys

Gly

Leu

Tyr

400

Trp

Ile

Pro

Thr
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96

Glu Gly Val
465

Leu Trp Gly

Lys Gly Tyr

Tyr Tyr Trp

515

His Arg Met
530

Gln Val Ala
545

Gln Gly Ile

Glu Glu Leu

Pro Ile Ala

595

Thr Arg Ser
610

Asn Asp Phe
625

Val Val Asp

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Cys Ile Ala Asp
470

Asp His Glu Arg Phe

485

Tyr Phe Thr Gly Asp

500

Val Thr Gly Arg Val

520

Gly Thr Ala Glu Val

535

Glu Ala Ala Val Val
550

Tyr Ala Tyr Val Thr

565

Arg Lys Asp Leu Val

580

Ser Pro Asp Val Ile

600

Gly Lys Ile Met Arg

615

Gly Ser Leu Gly Asp
630

Asp Leu Ile Ala Asn

645
D NO 25
H: 726

DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 25

atgcgcacceyg

atgatcgeca

gtctggatge

cggaccgagg

agcttecteg

aagcagctgg

gtggaccgeg

cgegegacge

catctgeect

ceggtggegg

accgeegtygyg

gtegagetgg

ggctga

<210> SEQ I

<211> LENGT.
<212> TYPE:

cgctgeaatyg

tegegetgge

ggatcttege

tgcggggcga

attccatcct

cctggatecee

gcaagcgggy

cgggecaget

acaagatggg

ccaatgtggyg

tggagttecct

agaccgegat

D NO 26
H: 241
PRT

gatccggtee

cttcacgeeyg

gegetggacyg

gatccccacy

getetteteyg

gctgatgggc

cgeggecate

catcatctat

caccgeegec

cgtettetygyg

geegecgate

cgaggacgec

Ser Trp Pro
475

Glu Glu Ala
490

Gly Cys Arg
505

Asp Asp Val

Glu Ser Ala

Gly Tyr Pro

555

Leu Met Asn
570

Lys Trp Val
585

Gln Trp Ala

Arg Ile Leu

Thr Thr Thr

635

Arg Lys Asn
650

eroides

atcctettea
ctegtgetygyg
cgctteacge
accggegege
gtgctgeccy
tggatggege
aagaagatga
ccgcagggea
ctctacggec
cegeggeacy
cagccegged

tcgaaccgge

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 26

Gly Gln Met

Tyr Phe Ser

Arg Asp Ala

510

Ile Asn Val
525

Leu Val Ala
540

His Asp Ile

Gly Val Gln

Arg Thr Glu

590

Pro Gly Leu
605

Arg Lys Ile
620

Leu Ala Asp

Arg Gly

acatcgtgat
tcgaccgcaa
tgcgctggat
tcatcgecte
cgecegegett
ttcaggcggy
tggccgatgt
ccegegtgge
agctcgatca
ggatctatcg
aaacggccege

tgatcgcega

Arg Thr
480

Gln Tyr
495

Asp Gly

Ser Gly

His Ala

Lys Gly

560

Pro Thr
575

Ile Gly

Pro Lys

Ala Glu

Pro Ser
640

gtatgtcteg
gtgggegeeg
cgeggggete
gaagcaccag
catcatgaag
cttcatteeg
cgagaagggce
tcegggegeyg
gecctgetat
ceggeccgge

ggccttcatg

ggcccggcag

Met Arg Thr Ala Leu Gln Trp Ile Arg Ser Ile Leu Phe Asn Ile Val

60

120

180

240

300

360

420

480

540

600

660

720

726
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Met Tyr Val
Leu Val Asp
35

Trp Thr Arg
50

Arg Gly Glu

Ser Phe Leu

Phe Ile Met

Ala Leu Gln

115

Ala Ile Lys
130

Gly Gln Leu
145

His Leu Pro

Gln Pro Cys

His Gly Ile

195

Pro Ile Gln
210

Thr Ala Ile
225

Gly
<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

Ser Met Ile Ala Ile

20

Arg Lys Trp Ala Pro

40

Phe Thr Leu Arg Trp

55

Ile Pro Thr Thr Gly

70

Asp Ser Ile Leu Leu

85

Lys Lys Gln Leu Ala

100

Ala Gly Phe Ile Pro

120

Lys Met Met Ala Asp

135

Ile Ile Tyr Pro Gln
150

Tyr Lys Met Gly Thr

165

Tyr Pro Val Ala Ala

180

Tyr Arg Arg Pro Gly

200

Pro Gly Gln Thr Ala

215

Glu Asp Ala Ser Asn
230

D NO 27
H: 723
DNA

<400> SEQUENCE: 27

atgtccaagg

gegetgaaga

cggaagttca

gectgegety

aacaacgccg

gaggtgatcg

atgcgggacc

caggccgggce

ctggcgcagg

gegaccgaga

ccgaceggec

gacgatgegg

tga

ttgctetggt

acgcgggeta

ccgaagagac

cgggcatege

gcatcacgceyg

acaccaacct

gcaagttcgg

aggcgaacta

agggegcegey

tggtgatggc

gecteggega

gettegtcac

gacgggcggt

cacggtegec

cggcatcaag

gcaggtcgag

ggattcgatyg

gtegggecte

ccggatcate

ttcegeggec

ggcgggcatc

cgtgccggaa

gccggaggag

cggatcgace

Ala

25

Val

Ile

Ala

Phe

Trp

105

Val

Val

Gly

Ala

Asn

185

Thr

Ala

Arg

10

Leu

Trp

Ala

Leu

Ser

90

Ile

Asp

Glu

Thr

Ala

170

Val

Ala

Ala

Leu

sphaeroides

Ala

Met

Gly

Ile

Val

Pro

Arg

Lys

Arg

155

Leu

Gly

Val

Phe

Ile
235

tcgcggggca

gcgaactatg

acctacaaat

gecgageteg

ttccacaaga

ttcaacatga

aacatctctt

aaggegggey

accgtcaatg

aaggtgcgcg

attgcceget

atcacggcga

Phe Thr Pro
30

Arg Ile Phe
45

Leu Arg Thr
60

Ala Ser Lys

Leu Pro Ala

Leu Met Gly

110

Gly Lys Arg
125

Gly Arg Ala
140

Val Ala Pro

Tyr Gly Gln

Val Phe Trp

190

Val Glu Phe
205

Met Val Glu
220

Ala Glu Ala

teggegecge
cgggcaatga
ggtcegtege
ggccggtgge
tgacgcgega
cccacceggt
cgatcaacgg
acctecggett
cgatctgece
agtcgatcat
gegtggtett

acggcggeca

15

Leu Val

Ala Arg

Glu Val

His Gln
80

Pro Arg
95

Trp Met

Gly Ala

Thr Pro

Gly Ala
160

Leu Asp
175

Pro Arg

Leu Pro

Leu Glu

Arg Gln
240

catcteggty
cgaggceggeg
ggattacgat
tgtgctggty
ccagtggaaa
ctggtccggg
ccagaagggce
caccaaggcg
cggctatatce
cgceccagate
cctegectee

gtatttegte

60

120

180

240

300

360

420

480

540

600

660

720

723
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<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 28
H: 240
PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 28

Met Ser Lys
1

Ala Ile Ser
Tyr Ala Gly
35

Ile Lys Thr
50

Gly Ile Ala
65

Asn Asn Ala

Asp Gln Trp

Met Thr His

115

Ile Ile Asn
130

Ala Asn Tyr
145

Leu Ala Gln

Pro Gly Tyr

Arg Glu Ser

195

Glu Glu Ile
210

Phe Val Thr
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Ala Leu Val Thr Gly Gly Ser

10

Val Ala Leu Lys Asn Ala Gly Tyr

Asn Asp Glu Ala Ala Arg Lys Phe

40

Tyr Lys Trp Ser Val Ala Asp Tyr

55

Gln Val Glu Ala Glu Leu Gly Pro

70

75

Gly Ile Thr Arg Asp Ser Met Phe

90

Lys Glu Val Ile Asp Thr Asn Leu

100

105

Pro Val Trp Ser Gly Met Arg Asp

120

Ile Ser Ser Ile Asn Gly Gln Lys

135

Ser Ala Ala Lys Ala Gly Asp Leu
150 155

Glu Gly Ala Arg Ala Gly Ile Thr

165

170

Ile Ala Thr Glu Met Val Met Ala

180

185

Ile Ile Ala Gln Ile Pro Thr Gly

200

Ala Arg Cys Val Val Phe Leu Ala

215

Gly Ser Thr Ile Thr Ala Asn Gly
230 235

D NO 29
H: 1737
DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 29

atgacgcgaa

atgggcgcgc

ggcecegetet

ctgetegege

gcgegggege

gtcttegagyg

gcgeagegceyg

ttcgacatte

ggCtggCth

gcgacaatcg

tgacgtcegt

acatgctgca

tgtccetget

gegtcatgge

cegeggtgeg

atctcgaatc

cctggaceee

ccatcggggg

caagggactyg gaggagctge

gttectette agecatctteg

ggtctacgac cgggtgeteg

cgtgacctte ctgttegteg

gegegtggge gcaggettte

geggeteteg ctegegecey

ggtgcagegyg ctetgggect

gttettecte geggecatet

cggegtegte ctegtgateg

Arg Gly Ile

Thr Val Ala

Thr Glu Glu

45

Asp Ala Cys
60

Val Ala Val

His Lys Met

Ser Gly Leu
110

Arg Lys Phe
125

Gly Gln Ala
140

Gly Phe Thr

Val Asn Ala

Val Pro Glu
190

Arg Leu Gly
205

Ser Asp Asp
220

Gly Gln Tyr

gegecgtecg
tcaatctget
getegegete
ccatgggegt
aggagaagct
gegatcegte
cgeceggtget
tcgtetteca

tgacgatcct

Gly Ala
15

Ala Asn

Thr Gly

Ala Ala

Leu Val
80

Thr Arg
95

Phe Asn

Gly Arg

Gly Gln

Lys Ala
160

Ile Cys
175

Lys Val

Glu Pro

Ala Gly

Phe Val
240

ccgecageace
gatgctgacg
cgaggagacg
getegaccat
cgaccgecge
ggccgtggea
gatcgegete
ccectacatyg

gaaccagcgce

60

120

180

240

300

360

420

480

540
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ctgtcegagyg ggccgatgca gaaggcecaac ategtggege tgcaggecga cceggtttgece 600
gagaacctca agtcggaatc cgaggtggtyg caggcgeteg gecatggeggyg caacggette 660
gaccgetgge acaaggcegeg tgcegecgeyg ctegacgcega acatggegge ggecgacctg 720
acgggegect tcggcacget gaccaagacg ctgegectet tectgeagte ggegatgetg 780
gggcteggeyg cgtggetegt cetgcagcag gaactgageg cgggegecat gatcgeggge 840
tcgatectga tgggeeggge getegeceeg atcgagageg ccatcggeca gtgggegetg 900
gtgcagegeg cctcecgaagg ctggcegacgyg ctgggagage tgctgacceg ccagecggte 960
gagcegecege gcatcegecct gecccgeceyg cgggcegcetga tcegaggegca gaacctetec 1020
gtggtgcege cgggcgaggce ggtegeggtg ctgcgeggeg tgagcettecg gctggatecy 1080
ggtcaggege tcggggtcat cggecectee gggtegggca agtccacget ggegegggec 1140
ctgategggyg tctggegtee ggecgeggge aaggtcegge tegatggege cgecctegac 1200
cagtatgacc cggacgtgct cggcggctat atcggttacce tgccccageg cgtgacgetg 1260
ttcgagggca ccatcgecga gaatategeg cgecteeggg gegegecega tggtgacgece 1320
gtggtggeeg ccgegegcaa ggccgecgeyg cacgacatga tegtggeact tcecteggge 1380
tacgacacce gegtetegge cetgggtgge cggetgteeg gegggeagat ccagegeate 1440
gggctcgege gegcecatgta cggcaacccecce gtgttecteg tectcgacga gccgaacteg 1500
aacctcgaca atgagggete gettgegetg aacgeggega tecgetcgat gaagcaggeg 1560
ggagggtcegg tgttcatcat ggcccaccge cccgeccgcaa ttcaggagtg cgacctecte 1620
atggtgatgg agaacggaat gegegecgece tteggecage gegacgeegt getgegegac 1680
atggtgaaga accataccga gatcgtgcga aacgcaggcce ccggaggcgt gacatga 1737
<210> SEQ ID NO 30
<211> LENGTH: 578
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 30

Met Thr Arg
1

Arg Arg Ser

Phe Val Asn
35

Tyr Asp Arg
Ser Leu Leu
65

Ala Arg Ala

Leu Asp Arg

Pro Gly Asp

115

Gln Arg Leu
130

Trp Thr Pro
145

Ser Asp Asn Arg Lys

Thr Met Gly Ala Leu

20

Leu Leu Met Leu Thr

40

Val Leu Gly Ser Arg

Val Thr Phe Leu Phe

70

Arg Val Met Ala Arg

85

Arg Val Phe Glu Ala

100

Pro Ser Ala Val Ala

120

Trp Ala Ser Pro Val

135

Phe Phe Leu Ala Ala
150

Gly Leu Glu
10

Thr Ser Val
25

Gly Pro Leu

Ser Glu Glu

Val Ala Met
75

Val Gly Ala
90

Ala Val Arg
105

Ala Gln Arg

Leu Ile Ala

Ile Phe Val
155

Glu Leu Arg
Phe Leu Phe
30

Tyr Met Leu
45

Thr Leu Leu
60

Gly Val Leu

Gly Phe Gln
Arg Leu Ser
110

Asp Leu Glu
125

Leu Phe Asp
140

Phe His Pro

Ala Val
15

Ser Ile

Gln Val

Ala Leu

Asp His

80

Glu Lys

95

Leu Ala

Ser Val

Ile Pro

Tyr Met
160
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Gly

Leu

Ala

Lys

225

Thr

Ser

Ser

Ala

Ser

305

Glu

Gln

Gly

Pro

Trp

385

Gln

Arg

Arg

Ala

465

Gly

Glu

Ala

Asn
545

Met

Trp

Asn

Leu

Val

210

Ala

Gly

Ala

Ala

Pro

290

Glu

Pro

Asn

Val

Ser

370

Arg

Tyr

Val

Gly

Ala

450

Ser

Leu

Pro

Ile

Arg
530
Gly

Val

Thr

Leu

Gln

Gln

195

Gln

Arg

Ala

Met

Gly

275

Ile

Gly

Pro

Leu

Ser

355

Gly

Pro

Asp

Thr

Ala

435

His

Ala

Ala

Asn

Arg

515

Pro

Met

Lys

Ala

Arg

180

Ala

Ala

Ala

Phe

Leu

260

Ala

Glu

Trp

Arg

Ser

340

Phe

Ser

Ala

Pro

Leu

420

Pro

Asp

Leu

Arg

Ser

500

Ser

Ala

Arg

Asn

Ile

165

Leu

Asp

Leu

Ala

Gly

245

Gly

Met

Ser

Arg

Ile

325

Val

Arg

Gly

Ala

Asp

405

Phe

Asp

Met

Gly

Ala

485

Asn

Met

Ala

Ala

His
565

Gly

Ser

Arg

Gly

Ala

230

Thr

Leu

Ile

Ala

Arg

310

Ala

Val

Leu

Lys

Gly

390

Val

Glu

Gly

Ile

Gly

470

Met

Leu

Lys

Ile

Ala
550

Thr

Gly

Glu

Phe

Met

215

Leu

Leu

Gly

Ala

Ile

295

Leu

Leu

Pro

Asp

Ser

375

Lys

Leu

Gly

Asp

Val

455

Arg

Tyr

Asp

Gln

Gln
535

Phe

Glu

Gly

Gly

Ala

200

Ala

Asp

Thr

Ala

Gly

280

Gly

Gly

Pro

Pro

Pro

360

Thr

Val

Gly

Thr

Ala

440

Ala

Leu

Gly

Asn

Ala
520
Glu

Gly

Ile

Val

Pro

185

Glu

Gly

Ala

Lys

Trp

265

Ser

Gln

Glu

Arg

Gly

345

Gly

Leu

Arg

Gly

Ile

425

Val

Leu

Ser

Asn

Glu

505

Gly

Cys

Gln

Val

Val

170

Met

Asn

Asn

Asn

Thr

250

Leu

Ile

Trp

Leu

Pro

330

Glu

Gln

Ala

Leu

Tyr

410

Ala

Val

Pro

Gly

Pro

490

Gly

Gly

Asp

Arg

Arg
570

Leu

Gln

Leu

Gly

Met

235

Leu

Val

Leu

Ala

Leu

315

Arg

Ala

Ala

Arg

Asp

395

Ile

Glu

Ala

Ser

Gly

475

Val

Ser

Ser

Leu

Asp
555

Asn

Val

Lys

Lys

Phe

220

Ala

Arg

Leu

Met

Leu

300

Thr

Ala

Val

Leu

Ala

380

Gly

Gly

Asn

Ala

Gly

460

Gln

Phe

Leu

Val

Leu
540

Ala

Ala

Ile

Ala

Ser

205

Asp

Ala

Leu

Gln

Gly

285

Val

Arg

Leu

Ala

Gly

365

Leu

Ala

Tyr

Ile

Ala

445

Tyr

Ile

Leu

Ala

Phe
525
Met

Val

Gly

Val

Asn

190

Glu

Arg

Ala

Phe

Gln

270

Arg

Gln

Gln

Ile

Val

350

Val

Ile

Ala

Leu

Ala

430

Arg

Asp

Gln

Val

Leu

510

Ile

Val

Leu

Pro

Thr

175

Ile

Ser

Trp

Asp

Leu

255

Glu

Ala

Arg

Pro

Glu

335

Leu

Ile

Gly

Leu

Pro

415

Arg

Lys

Thr

Arg

Leu

495

Asn

Met

Met

Arg

Gly
575

Ile

Val

Glu

His

Leu

240

Gln

Leu

Leu

Ala

Val

320

Ala

Arg

Gly

Val

Asp

400

Gln

Leu

Ala

Arg

Ile

480

Asp

Ala

Ala

Glu

Asp
560

Gly
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<210> SEQ ID NO 31
<211> LENGTH: 606
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 31
atgcecggeca tcgaaagegg cctttgggeg ctgatcctga cgggagtget gggetatcetg 60
cteggetega tcecegttegg catcgtecate acccgegege tggggcetggyg cgacctgege 120
aagatcggcet cgggcaatat cggcgcgacce aacgtgctece ggacgggcaa caagceccgceg 180
gegetggeca cgetgetect cgatteggge aagggcegceca tegccegtget gatcgegege 240
geggecegtygyg gegaggatge ggcgcagett geggecttca cctegtttet ggggcacctt 300
ttececeggtet ggcteggett ccgceggegge aagggggteyg cgaccttect cggcacgetg 360
ctggcacteg catggecegt ggggctegece tgetgectea cetggetege gaccgeggece 420
ctgggecgga tctecteget cteggeccte gtggetgegyg cgageggtgt cctetggatg 480
atccttetgg gctacggeca gatggeggeg ctgggggegy tgctegeggt getgatcette 540
atccgecace atgcgaacat ccgccggate ctegecggea cegagecgeyg gatcgggaag 600
aagtaa 606
<210> SEQ ID NO 32
<211> LENGTH: 201
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 32
Met Pro Ala Ile Glu Ser Gly Leu Trp Ala Leu Ile Leu Thr Gly Val
1 5 10 15
Leu Gly Tyr Leu Leu Gly Ser Ile Pro Phe Gly Ile Val Ile Thr Arg
20 25 30
Ala Leu Gly Leu Gly Asp Leu Arg Lys Ile Gly Ser Gly Asn Ile Gly
35 40 45
Ala Thr Asn Val Leu Arg Thr Gly Asn Lys Pro Ala Ala Leu Ala Thr
50 55 60
Leu Leu Leu Asp Ser Gly Lys Gly Ala Ile Ala Val Leu Ile Ala Arg
65 70 75 80
Ala Ala Val Gly Glu Asp Ala Ala Gln Leu Ala Ala Phe Thr Ser Phe
85 90 95
Leu Gly His Leu Phe Pro Val Trp Leu Gly Phe Arg Gly Gly Lys Gly
100 105 110
Val Ala Thr Phe Leu Gly Thr Leu Leu Ala Leu Ala Trp Pro Val Gly
115 120 125
Leu Ala Cys Cys Leu Thr Trp Leu Ala Thr Ala Ala Leu Gly Arg Ile
130 135 140
Ser Ser Leu Ser Ala Leu Val Ala Ala Ala Ser Gly Val Leu Trp Met
145 150 155 160
Ile Leu Leu Gly Tyr Gly Gln Met Ala Ala Leu Gly Ala Val Leu Ala
165 170 175
Val Leu Ile Phe Ile Arg His His Ala Asn Ile Arg Arg Ile Leu Ala
180 185 190
Gly Thr Glu Pro Arg Ile Gly Lys Lys
195 200



US 11,008,577 B1
107 108

-continued
<210> SEQ ID NO 33
<211> LENGTH: 1401
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 33
ttgcggeggt tcctgaacac getcteeggg cggttectga tgctgaccege cgecttegte 60
atgctggegg aggtgetgat cctegtgece teggtggege gettecegega ggattaccte 120
ctectecgge tggagaaggce gcagategeg tegetggece tgetggegge ggacgacatg 180
atcgegeceg acctegagge ggagettetg gecaatgegyg gegtctacaa cgtggtgetg 240
cgecgegacyg aggtgegeca gettgtgetg tectegecca ttecegtgece ggtggagcag 300
acctacgacce tgcgettege gggcccecte gggetgatee gegacacctt catggatgtg 360

ctcgacaage agggcegtgat tegggtgate ggegaaccegg tggagagegg cggccageag 420

atcgaggteg cgctegaacg gggecccatg cgcaaggeca tgctcgagea tggggegegg 480
gtgctegtet tcteggeget gatctegatyg gtgacggege ttetgetgtt cettgeggtyg 540
cggeggette tggtggtgee gatcecggegg gtegtcaccee acatgacege ctatgecgaa 600
gegecegagg atgegegeeg cgtgatcegeg cccaccgegg gcatcegega getgegegag 660
gecgaggagg cgctgcagat gatgcagacce cagctcateg gegegetgeg ccagaaggag 720
cggetggece ageteggegg ggcggtggee aagatcagec acgacctgeg caacatcctg 780
acgacggege agctgtttge cgaccggetyg teggecteeg acgatecgge ggtggeccegg 840
geggegecga agetggtggg atcgatcegyg cgegeggtet cgetttgega ategacgetg 900
acctteggge gegecgagga gecgecgecoe cagatcgege gegtgecget gegeceggetg 960

atggaggagg tggccgaggc cgaatcgctg gtggcggatg ccagcegtggg ctgcectgatce 1020
gatgtggcege cgaacatggt gatccgtgece gacggcgage agctctaccg cgtgcectggge 1080
aacctegtge gcaatgegeg geaggegetyg gagacggegg gecggecegg caccatcgag 1140
ctecteggegyg gegagggcega ggaagagtgg tggatcaagg tgggcegacac cgggecggge 1200
ctgcecgecca aggcgegega acatctette accgecttece agggegggge gegcaagggg 1260
ggctegggece tegggctcege catctecggece gagctggtge gtggtcacgg cggacggcetce 1320
gacctgttge ggagcgacag cgacgggacyg gagttcatca tcegectgec caagggggec 1380
ggtctcageg ccctegtetg a 1401
<210> SEQ ID NO 34

<211> LENGTH: 466

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 34

Met Arg Arg Phe Leu Asn Thr Leu Ser Gly Arg Phe Leu Met Leu Thr
1 5 10 15

Ala Ala Phe Val Met Leu Ala Glu Val Leu Ile Leu Val Pro Ser Val
20 25 30

Ala Arg Phe Arg Glu Asp Tyr Leu Leu Leu Arg Leu Glu Lys Ala Gln
35 40 45

Ile Ala Ser Leu Ala Leu Leu Ala Ala Asp Asp Met Ile Ala Pro Asp
50 55 60

Leu Glu Ala Glu Leu Leu Ala Asn Ala Gly Val Tyr Asn Val Val Leu
65 70 75 80

Arg Arg Asp Glu Val Arg Gln Leu Val Leu Ser Ser Pro Ile Pro Val



US 11,008,577 B1
109 110

-continued

85 90 95

Pro Val Glu Gln Thr Tyr Asp Leu Arg Phe Ala Gly Pro Leu Gly Leu
100 105 110

Ile Arg Asp Thr Phe Met Asp Val Leu Asp Lys Gln Gly Val Ile Arg
115 120 125

Val Ile Gly Glu Pro Val Glu Ser Gly Gly Gln Gln Ile Glu Val Ala
130 135 140

Leu Glu Arg Gly Pro Met Arg Lys Ala Met Leu Glu His Gly Ala Arg
145 150 155 160

Val Leu Val Phe Ser Ala Leu Ile Ser Met Val Thr Ala Leu Leu Leu
165 170 175

Phe Leu Ala Val Arg Arg Leu Leu Val Val Pro Ile Arg Arg Val Val
180 185 190

Thr His Met Thr Ala Tyr Ala Glu Ala Pro Glu Asp Ala Arg Arg Val
195 200 205

Ile Ala Pro Thr Ala Gly Ile Arg Glu Leu Arg Glu Ala Glu Glu Ala
210 215 220

Leu Gln Met Met Gln Thr Gln Leu Ile Gly Ala Leu Arg Gln Lys Glu
225 230 235 240

Arg Leu Ala Gln Leu Gly Gly Ala Val Ala Lys Ile Ser His Asp Leu
245 250 255

Arg Asn Ile Leu Thr Thr Ala Gln Leu Phe Ala Asp Arg Leu Ser Ala
260 265 270

Ser Asp Asp Pro Ala Val Ala Arg Ala Ala Pro Lys Leu Val Gly Ser
275 280 285

Ile Arg Arg Ala Val Ser Leu Cys Glu Ser Thr Leu Thr Phe Gly Arg
290 295 300

Ala Glu Glu Pro Pro Pro Gln Ile Ala Arg Val Pro Leu Arg Arg Leu
305 310 315 320

Met Glu Glu Val Ala Glu Ala Glu Ser Leu Val Ala Asp Ala Ser Val
325 330 335

Gly Cys Leu Ile Asp Val Ala Pro Asn Met Val Ile Arg Ala Asp Gly
340 345 350

Glu Gln Leu Tyr Arg Val Leu Gly Asn Leu Val Arg Asn Ala Arg Gln
355 360 365

Ala Leu Glu Thr Ala Gly Arg Pro Gly Thr Ile Glu Leu Ser Ala Gly
370 375 380

Glu Gly Glu Glu Glu Trp Trp Ile Lys Val Gly Asp Thr Gly Pro Gly
385 390 395 400

Leu Pro Pro Lys Ala Arg Glu His Leu Phe Thr Ala Phe Gln Gly Gly
405 410 415

Ala Arg Lys Gly Gly Ser Gly Leu Gly Leu Ala Ile Ser Ala Glu Leu
420 425 430

Val Arg Gly His Gly Gly Arg Leu Asp Leu Leu Arg Ser Asp Ser Asp
435 440 445

Gly Thr Glu Phe Ile Ile Arg Leu Pro Lys Gly Ala Gly Leu Ser Ala
450 455 460

Leu Val
465

<210> SEQ ID NO 35

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides



111

US 11,008,577 B1

-continued

112

<400> SEQUENCE:

atgtgggtcg

agcttteget

ctecttetege

c¢cgggcgagy

cecegeagage

gtcagettet

agcaacacct

gagcggacgyg

gagggcgget

tacagcteeg

aaccggggga

ctgatccact

gegecgecge

atcatgtgca

acggggtgga

gcaaccggge

gacggggegce

gecatcetget

ggctctgega

teggegaceyg

acacgctega

atcgctteeg

c¢cgagggegy

tcectgegege

ggcaggcgct

tgcaagacgt

35

<210> SEQ ID NO 36

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rhodobacter

PRT

<400> SEQUENCE:

Met Trp Val Asp

1

Ala

Pro

Leu

Arg

65

Pro

Leu

Trp

Thr

145

Glu

Thr

Leu

Leu

Glu

Ile

Gly

Ala

Phe

Arg

Tyr

130

Leu

Gly

Trp

Gly

Arg
210

Gly

Ala

35

Ser

Ala

Ala

Asn

Cys

115

Leu

Glu

Gly

Ile

Arg

195

Arg

Asn

20

Val

Leu

Ala

Arg

Pro

100

Val

Cys

Ala

Tyr

Asp

180

Arg

Pro

249

36

His

Ser

Glu

His

Trp

Ile

85

Val

Val

Ala

Ala

Arg

165

Tyr

Ala

Phe

Val

Phe

Gly

Asp

Val

70

Leu

Ser

Ala

Lys

Lys

150

Phe

Ser

Arg

Gly

Gln

Arg

Pro

Arg

Arg

Leu

Phe

Glu

Pro

135

Ile

Arg

Ser

Leu

Ser
215

gggcgagace
ttatctgetg
caacctcatce
agcgtgggtyg
getgacccag
ggatgecgeg
gcactggtat
ggcggecaag
cttegacatce
getetatgee
ctgecteegy

taagctggeg

ttccacggge

atcgatcceg

tcgetecacy

cgcgaggtge

CCgnggth

ggcgegetee

ctctgegeca

atcatgcatg

cgcgaggate

acgcttacgg

cggeectteg

ctgaaggggg

cacgcggtga

sphaeroides

Gly

Tyr

Ala

40

Asp

Glu

Leu

Trp

Val

120

Asp

Met

Phe

Ala

Ser

200

Arg

Glu

Gly

25

Leu

Tyr

Val

Thr

Leu

105

Ser

Gly

His

Asp

Glu
185

Asn

Arg

Thr

10

Val

Phe

Gly

Leu

Gln

90

Cys

Asn

Ser

Val

Ile
170
Gly

Arg

Val

Phe

Asp

Ser

Gly

Ala

75

Pro

Glu

Thr

Val

Ser

155

Arg

Gly

Gly

Leu

gecaaggggge
aggcggtgga
atcgcgacta
tggcggegea
tgggccatgt
getgegtggt
agcccgacgg
tctegecett
gggtgggegt
geeggegage
ggtcgegeeg

cgcgetacey

His Gly Arg
Tyr Leu Leu
30

Arg Asn Arg
45

Ala Pro Gly
60

Ala Gln Gly

Arg Val Leu

Asp Ala Ala
110

Phe Gly Asp
125

Ile Glu Arg
140

Pro Phe Gln

Glu Asp Arg

Leu Tyr Ala

190

Ile Leu Arg
205

Ala Leu Ile
220

geteggecaac

dgggceeggceg

cggcggtgcyg

ggggetgeeg

gttcaacceg

ggccgaggtc

ctcegteate

ccagccgate

ctggatcgac

geggetgteg

cgtgetggeg

cagccgeecae

Lys

15

Ile

Ala

Glu

Leu

Gly

95

Gly

Arg

Thr

Pro

Val
175
Thr

Ala

His

Gly

Asp

Asn

Gly

Pro

80

His

Ala

His

Asp

Ile

160

Gly

Leu

Cys

Trp

60

120

180

240

300

360

420

480

540

600

660

720

750
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Gln Ala Leu Lys Leu Ala Leu Lys Gly Ala Arg Tyr Arg Ser Arg Pro

225 230 235
Ala Pro Pro Leu Gln Asp Val Thr Arg
245

<210> SEQ ID NO 37

<211> LENGTH: 1293

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 37

atgccatteg agacgtctga gttcegegegyg cggegegttg
tecggggatgg ctgeggegea tettetggece tecgaccatg
gagaagcgge teggggggca cgcccgcacg gtectegegy
gtecgacacgyg gcttcatcegt gttcaacaag gtgaattatce
gacgagcteyg gegtgcceggt ggcgaagagt gacatgaget
gggeggetygyg aatacggcect caagaacctg aaatccegtcet
geggatceege gettectcaa catgatgatg gatgtgetge
gaccatgcegyg acgatccgge catgacgatc cgcgagetge
gactggttee gggactatta cctectgecg atctceggggy
cgegggatee tcgacttece ggcgcaggca ctgetgeget
ctgteccata cggggcagca ccagtggttce acggtcgagg
acccggetge aggecgegat ggcggegege ggggtggace
geeggegtge gecgegegga cggceggggtg cgggtgcggg
gecttegacyg aggtgatctt cgccacccat tccgacgata
gegacggagyg ccgagacgag cgcgeteggg gecgtgeget
ctgcattceg atcegteggt catgccgaag cgcaaggecyg
gtegagectyg acgatccgga ggcgeccatce gacatcacct
cccatecege aggacgatce getgttegtyg acgcetgaacyg
gaactggtge atgatgtgge gaccttecege cacccggtet
ggegtggegy cgctgeggat gatgaacgge cagcgtcaga
atgcgcaacg gcttecacga ggatggettt gecagegetg
cgecggegea tteeegecte ggecgeggece tga

<210> SEQ ID NO 38

<211> LENGTH: 430

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 38

Met Pro Phe Glu Thr Ser Glu Phe Ala Arg Arg
1 5 10

Gly Gly Gly Ile Ser Gly Met Ala Ala Ala His
20 25

His Ala Val Val Leu Phe Glu Ala Glu Lys Arg
35 40

Arg Thr Val Leu Ala Gly Lys Arg Gly Asp Gln
50 55

Phe Ile Val Phe Asn Lys Val Asn Tyr Pro His

cggtgatcgg
cggtegtget
gecaagegegg
cgcaccteac
teggegecte
tcgegcagaa
gettcaacge
tegegegget
cgatctggte
tctteccagaa
geggetegat
tgcgcaccgyg
ccgagggegy
cgetgegget
accagccgaa
cctgggecte
actggatgaa
gecaccegece
acgacctege
cctggttege

tggatgttgt

Arg Val Ala

Leu Leu Ala
30

240

tgggggcate
gttegaggece
cgaccagect
geggetette
ggttcgegge
gegcaacatg
ccatgegete
cgacctegge
cacgececteg
ccatgegete
cgaatatgte
ggcgcaggtyg
cgagtgggag
tctgtecgat
cecgggeggtyg
ctgggtctat
ctegetgeag
ggtgcgcgag
ggcgcagetyg
gggcgectgg

cgaggcgatg

Val Ile
15

Ser Asp

Leu Gly Gly His Ala

45

Pro Val Asp
60

Leu Thr Arg

Thr Gly

Leu Phe

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1293
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65 70 75 80

Asp Glu Leu Gly Val Pro Val Ala Lys Ser Asp Met Ser Phe Gly Ala
85 90 95

Ser Val Arg Gly Gly Arg Leu Glu Tyr Gly Leu Lys Asn Leu Lys Ser
100 105 110

Val Phe Ala Gln Lys Arg Asn Met Ala Asp Pro Arg Phe Leu Asn Met
115 120 125

Met Met Asp Val Leu Arg Phe Asn Ala His Ala Leu Asp His Ala Asp
130 135 140

Asp Pro Ala Met Thr Ile Arg Glu Leu Leu Ala Arg Leu Asp Leu Gly
145 150 155 160

Asp Trp Phe Arg Asp Tyr Tyr Leu Leu Pro Ile Ser Gly Ala Ile Trp
165 170 175

Ser Thr Pro Ser Arg Gly Ile Leu Asp Phe Pro Ala Gln Ala Leu Leu
180 185 190

Arg Phe Phe Gln Asn His Ala Leu Leu Ser His Thr Gly Gln His Gln
195 200 205

Trp Phe Thr Val Glu Gly Gly Ser Ile Glu Tyr Val Thr Arg Leu Gln
210 215 220

Ala Ala Met Ala Ala Arg Gly Val Asp Leu Arg Thr Gly Ala Gln Val
225 230 235 240

Ala Gly Val Arg Arg Ala Asp Gly Gly Val Arg Val Arg Ala Glu Gly
245 250 255

Gly Glu Trp Glu Ala Phe Asp Glu Val Ile Phe Ala Thr His Ser Asp
260 265 270

Asp Thr Leu Arg Leu Leu Ser Asp Ala Thr Glu Ala Glu Thr Ser Ala
275 280 285

Leu Gly Ala Val Arg Tyr Gln Pro Asn Arg Ala Val Leu His Ser Asp
290 295 300

Pro Ser Val Met Pro Lys Arg Lys Ala Ala Trp Ala Ser Trp Val Tyr
305 310 315 320

Val Glu Pro Asp Asp Pro Glu Ala Pro Ile Asp Ile Thr Tyr Trp Met
325 330 335

Asn Ser Leu Gln Pro Ile Pro Gln Asp Asp Pro Leu Phe Val Thr Leu
340 345 350

Asn Gly Thr Arg Pro Val Arg Glu Glu Leu Val His Asp Val Ala Thr
355 360 365

Phe Arg His Pro Val Tyr Asp Leu Ala Ala Gln Leu Gly Val Ala Ala
370 375 380

Leu Arg Met Met Asn Gly Gln Arg Gln Thr Trp Phe Ala Gly Ala Trp
385 390 395 400

Met Arg Asn Gly Phe His Glu Asp Gly Phe Ala Ser Ala Val Asp Val
405 410 415

Val Glu Ala Met Arg Arg Arg Ile Pro Ala Ser Ala Ala Ala

420 425 430

<210> SEQ ID NO 39

<211> LENGTH: 540

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 39

atgaagacta tctecegegtt cgccctetgt ggegecctgyg tectttegge ctgegecteg 60

acgacgccga tggegetggg geccgacgga aagecgetge cgcaggtceta caagatcacg 120
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tcegetcagyg agggtgaagt cacctaccgg ctgetggatt cggtcaatge gcetgegecag 180
gcgaagggygyg cggcteccget ccagetcaac tegcagetca cegccgecge ggecacccac 240
tcgegegaca tgteggtgca gaaccgeccee tggeactteg ggteggacgyg ctectegect 300
cttetgeggyg tgcagegege gggctatcag ggcaagcetga agggtgaget gatctcggaa 360
acctaccaga ccgagctcga gacgctggece gtetggatgg agcagaagga cacgcegegag 420
atcgtgetgg atccgaccge gaccgaccte ggettegect ggtatcagga gccgcaggge 480
aagatctggt ggaccgtegt gacgggecagt tecgegecca tggeggtgge gggtcetcetga 540
<210> SEQ ID NO 40
<211> LENGTH: 179
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 40
Met Lys Thr Ile Ser Ala Phe Ala Leu Cys Gly Ala Leu Val Leu Ser
1 5 10 15
Ala Cys Ala Ser Thr Thr Pro Met Ala Leu Gly Pro Asp Gly Lys Pro
20 25 30
Leu Pro Gln Val Tyr Lys Ile Thr Ser Ala Gln Glu Gly Glu Val Thr
35 40 45
Tyr Arg Leu Leu Asp Ser Val Asn Ala Leu Arg Gln Ala Lys Gly Ala
50 55 60
Ala Pro Leu Gln Leu Asn Ser Gln Leu Thr Ala Ala Ala Ala Thr His
65 70 75 80
Ser Arg Asp Met Ser Val Gln Asn Arg Pro Trp His Phe Gly Ser Asp
85 90 95
Gly Ser Ser Pro Leu Leu Arg Val Gln Arg Ala Gly Tyr Gln Gly Lys
100 105 110
Leu Lys Gly Glu Leu Ile Ser Glu Thr Tyr Gln Thr Glu Leu Glu Thr
115 120 125
Leu Ala Val Trp Met Glu Gln Lys Asp Thr Arg Glu Ile Val Leu Asp
130 135 140
Pro Thr Ala Thr Asp Leu Gly Phe Ala Trp Tyr Gln Glu Pro Gln Gly
145 150 155 160
Lys Ile Trp Trp Thr Val Val Thr Gly Ser Ser Ala Pro Met Ala Val
165 170 175
Ala Gly Leu
<210> SEQ ID NO 41
<211> LENGTH: 759
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 41
atgctgaagg gaaaatatgg gectggtggtg ggtgtcegeca acggccagte gatcgecgece 60
ggatgcgeee gegecttege gggegecggg gecgagettyg cgetgaccta tctgaacgag 120
cgegecctge cccatgteca gecggtggee gaggaggtgg acgecgegge gcetgetgecg 180
ctegacctgt cgcaggaaga tgcgctggaa geggtcetteg agagegtcag gcaacgetgg 240
gggegtceteg acttectget ccatteggtg gecttetgee cgaaggagga tctgcacgge 300
cgegtecaceg actgttegge ccggggette geacaggeca tggacatcte ctgecactceg 360
ttectgegga tggcgaaget ggccgaacceg ctgatgageg cgggcggcayg cctgatgacyg 420
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gtcagctact
gecgegeteg
gccaacgtge
gacgcgctga
gaggtgggtg
gtgacccaca
<210> SEQ I

<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

acggcgecga
aagcctgeac
tctegecegy
tcgaggatge
cegtggecge
tegacggagg
D NO 42

H: 252
PRT

<400> SEQUENCE: 42

Met Leu Lys
1

Ser Ile Ala
Leu Ala Leu
35

Val Ala Glu
50

Gln Glu Asp
65

Gly Arg Leu

Asp Leu His

Ala Met Asp

115

Glu Pro Leu
130

Gly Ala Glu
145

Ala Ala Leu

Gln Gly Ile

Ala Ala Ser

195

Thr Arg Ser
210

Val Ala Ala

Val Thr His

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

gaaggtggtg
cecgecatgtyg
ccegategeg
caagacccge
cttectegee

ccgacatgtt

Gly Lys Tyr Gly Leu

5

Ala Gly Cys Ala Arg

Thr Tyr Leu Asn Glu

40

Glu Val Asp Ala Ala

55

Ala Leu Glu Ala Val

70

Asp Phe Leu Leu His

85

Gly Arg Val Thr Asp

100

Ile Ser Cys His Ser

120

Met Ser Ala Gly Gly

135

Lys Val Val Asp His
150

Glu Ala Cys Thr Arg

165

Arg Ala Asn Val Leu

180

Gly Ile Asp His Phe

200

Pro Glu Arg Arg Leu

215

Phe Leu Ala Ser Asp
230

Ile Asp Gly Gly Arg

245

D NO 43
H: 1035
DNA

<400> SEQUENCE: 43

gaccattaca

gcggecgage

accecgegeag

tegeccgage

tccgatgeeyg

cggatgtga

Val

Ala

Arg

Ala

Phe

Ser

Cys

105

Phe

Ser

Tyr

His

Ser

185

Asp

Val

Ala

His

sphaeroides

Val

10

Phe

Ala

Leu

Glu

Val

Ser

Leu

Leu

Asn

Val

170

Pro

Ala

Thr

Ala

Val
250

sphaeroides

Gly

Ala

Leu

Leu

Ser

75

Ala

Ala

Arg

Met

Ile

155

Ala

Gly

Leu

Ile

Ser

235

Arg

acatcatggyg
tcgggecgea
cgagcggeat
ggcegtetegt

cctegggegt

Val Ala Asn

Gly Ala Gly

Pro His Val

45

Pro Leu Asp
60

Val Arg Gln

Phe Cys Pro

Arg Gly Phe

110

Met Ala Lys
125

Thr Val Ser
140

Met Gly Pro

Ala Glu Leu

Pro Ile Ala

190

Ile Glu Asp
205

Asp Glu Val
220

Gly Val Thr

Met

tceggtgaag
ggggatcegg
cgaccattte
gaccatcgac

caccggaace

Gly Gln
15

Ala Glu

Gln Pro

Leu Ser

Arg Trp

80

Lys Glu
95

Ala Gln

Leu Ala

Tyr Tyr

Val Lys

160

Gly Pro

175

Thr Arg

Ala Lys

Gly Ala

Gly Thr
240

atgagggtcg tcgtegtetg teccggecge ggcacctaca ccaaggcaga actgggetcet

480

540

600

660

720

759

60
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cteggecgge tccatcccga caaggecgeg ctgttegece ggttegatge ccagegecgg 120
gtggcegggyge aggagacgct ggccgatcte gacggcgaag cgagctattce cgtggcegege 180
cacacgceggg gcgacaatgce ctecggegetg atctatgecyg cgggctacge cgatttectg 240
tegetecacgg gegtegaggt ggtggecgte accggcaatt cgatgggetyg gtatacggeg 300
ctggectgeg geggegecoct tteggecgaa gacggcttece gggtegtcaa cacgatggge 360
acgctgatge aggaggcgct gatcggegge cagatcegtece atccggtcat gggegaggac 420
tggcggeceg accttgecceg ccgcgegeaa ctgetggate aggtggceegyg gatcgacgece 480
cgecegggge gcatcectegg cctcetecate gegeteggeyg ggatgcetegt getggeggge 540
aatgccgaag gtctggecga tttcgaggee gaagtgcege ccgaacaggyg ccgctteccg 600
atgcgecttyg ccaatcacge ggccttecac accgecctte aggegceceggt cgccgegege 660
ggacaggcgyg cgcetgeccga ggcgetgtte ggtcagecge ggetgecget catcgacggyg 720
cgeggegeceg tetggtggee gaaagccacce gacgeggegyg cgeteceggge ctatacgete 780
ggccatcagyg tcacggagece ctacgatttce acccegegeca tegeggtege cgegegggaa 840
ttegegeceg acgecttegt cgtactegge ceeggcacca cgetgggegyg ggcegtggeg 900
cagagcttga tcctegecgg ctggegeggg atgaaggacce gcaaggattt ccagaccegt 960
caggccgaga gcccectget gatcgcactg gggcgagagyg accagcegegyg gcacgtcaca 1020
ggaggaccca gatga 1035
<210> SEQ ID NO 44
<211> LENGTH: 344
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 44
Met Arg Val Val Val Val Cys Pro Gly Arg Gly Thr Tyr Thr Lys Ala
1 5 10 15
Glu Leu Gly Ser Leu Gly Arg Leu His Pro Asp Lys Ala Ala Leu Phe

20 25 30
Ala Arg Phe Asp Ala Gln Arg Arg Val Ala Gly Gln Glu Thr Leu Ala

35 40 45
Asp Leu Asp Gly Glu Ala Ser Tyr Ser Val Ala Arg His Thr Arg Gly
50 55 60
Asp Asn Ala Ser Ala Leu Ile Tyr Ala Ala Gly Tyr Ala Asp Phe Leu
65 70 75 80
Ser Leu Thr Gly Val Glu Val Val Ala Val Thr Gly Asn Ser Met Gly
85 90 95

Trp Tyr Thr Ala Leu Ala Cys Gly Gly Ala Leu Ser Ala Glu Asp Gly

100 105 110
Phe Arg Val Val Asn Thr Met Gly Thr Leu Met Gln Glu Ala Leu Ile

115 120 125
Gly Gly Gln Ile Val His Pro Val Met Gly Glu Asp Trp Arg Pro Asp
130 135 140
Leu Ala Arg Arg Ala Gln Leu Leu Asp Gln Val Ala Gly Ile Asp Ala
145 150 155 160
Arg Pro Gly Arg Ile Leu Gly Leu Ser Ile Ala Leu Gly Gly Met Leu
165 170 175

Val Leu Ala Gly Asn Ala Glu Gly Leu Ala Asp Phe Glu Ala Glu Val

180 185 190
Pro Pro Glu Gln Gly Arg Phe Pro Met Arg Leu Ala Asn His Ala Ala
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195 200 205

Phe His Thr Ala Leu Gln Ala Pro Val Ala Ala Arg Gly Gln Ala Ala
210 215 220

Leu Pro Glu Ala Leu Phe Gly Gln Pro Arg Leu Pro Leu Ile Asp Gly
225 230 235 240

Arg Gly Ala Val Trp Trp Pro Lys Ala Thr Asp Ala Ala Ala Leu Arg
245 250 255

Ala Tyr Thr Leu Gly His Gln Val Thr Glu Pro Tyr Asp Phe Thr Arg
260 265 270

Ala Ile Ala Val Ala Ala Arg Glu Phe Ala Pro Asp Ala Phe Val Val
275 280 285

Leu Gly Pro Gly Thr Thr Leu Gly Gly Ala Val Ala Gln Ser Leu Ile
290 295 300

Leu Ala Gly Trp Arg Gly Met Lys Asp Arg Lys Asp Phe Gln Thr Arg
305 310 315 320

Gln Ala Glu Ser Pro Leu Leu Ile Ala Leu Gly Arg Glu Asp Gln Arg
325 330 335

Gly His Val Thr Gly Gly Pro Arg
340

<210> SEQ ID NO 45

<211> LENGTH: 1170

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 45

atgtccgaca tcctegtect cteegecgte cgeaccgeca teggeggett cggeggegeg 60
ctegeegegyg tecegeeggg cgatctegee accaccgtea cecgtgeege getggagege 120
gecaggegtgg ageceggeceg cgtggggcat gtggtetteg gecatgtcat caacaccgaa 180
cegegegaca tgtatetete gegegtggeg gegatgeagg cgggtatcce gteggaggtg 240
ceggegatga acgtgaacceg getetgegge tegggegtge aggecgtegt cteggecatg 300

caggcgctga tgctgggega tgccgaggtyg gegetggegg geggegegga atcgatgage 360

cgegegecact atgegetgac gacggegegg tggggecaga agatgggega cacgegegeg 420

ctcgacatga tgacggggge getcaactge cectteggea ceggcecacat gggcatcace 480
gecgagateg tggccgageg ccacggcate agcecgcegagg atcaggacge gttegegetg 540
gaaagccaga cccgcaccge cegegegcag gaggagggee gettegacgyg ccagategtt 600
ceggtegaga tegectegeg gaaggggecg gtetecttet cecgegacga acatcccaag 660
gecaccacce tcgaggeget cgeggggcetyg cgtcccgect tocagaaagyg cggcacggtyg 720

accgcaggca atgcgagegg gatcaacgac ggggecgggg cgctgatect cgegegegag 780
ggggcegtge ccgacgegeg tecgetegge cggctgateg getatgecca tgegggegte 840

gatccegagg tgatgggget ggggcecgate ceggeggtaa aggegetcetyg cgegegeace 900

ggcctetegyg tegeggattt cgacgtgate gagtcegaacg aggecttege ggcacaggeg 960

ctggeegtgyg cgegegeget cgatttegat ceggecaggg tgaacccgaa cggeggegec 1020

atcgegeteg gecatceggt cggegecace ggggegatca tcacggtgaa ggegetccac 1080

gagctgcace ggacgggcegg gegecgggece ctegtcacca tgtgcategyg cggegggeag 1140

gggatcgege tggecgctcga gcgggtcetga 1170

<210> SEQ ID NO 46
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<211> LENGTH: 389

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 46

Met Ser Asp Ile Leu Val Leu Ser Ala Val Arg Thr Ala Ile Gly Gly
1 5 10 15

Phe Gly Gly Ala Leu Ala Ala Val Pro Pro Gly Asp Leu Ala Thr Thr
20 25 30

Val Thr Arg Ala Ala Leu Glu Arg Ala Gly Val Glu Pro Gly Arg Val
35 40 45

Gly His Val Val Phe Gly His Val Ile Asn Thr Glu Pro Arg Asp Met
50 55 60

Tyr Leu Ser Arg Val Ala Ala Met Gln Ala Gly Ile Pro Ser Glu Val
65 70 75 80

Pro Ala Met Asn Val Asn Arg Leu Cys Gly Ser Gly Val Gln Ala Val
85 90 95

Val Ser Ala Met Gln Ala Leu Met Leu Gly Asp Ala Glu Val Ala Leu
100 105 110

Ala Gly Gly Ala Glu Ser Met Ser Arg Ala Pro Tyr Ala Leu Thr Thr
115 120 125

Ala Arg Trp Gly Gln Lys Met Gly Asp Thr Arg Ala Leu Asp Met Met
130 135 140

Thr Gly Ala Leu Asn Cys Pro Phe Gly Thr Gly His Met Gly Ile Thr
145 150 155 160

Ala Glu Ile Val Ala Glu Arg His Gly Ile Ser Arg Glu Asp Gln Asp
165 170 175

Ala Phe Ala Leu Glu Ser Gln Thr Arg Thr Ala Arg Ala Gln Glu Glu
180 185 190

Gly Arg Phe Asp Gly Gln Ile Val Pro Val Glu Ile Ala Ser Arg Lys
195 200 205

Gly Pro Val Ser Phe Ser Arg Asp Glu His Pro Lys Ala Thr Thr Leu
210 215 220

Glu Ala Leu Ala Gly Leu Arg Pro Ala Phe Gln Lys Gly Gly Thr Val
225 230 235 240

Thr Ala Gly Asn Ala Ser Gly Ile Asn Asp Gly Ala Gly Ala Leu Ile
245 250 255

Leu Ala Arg Glu Gly Ala Val Pro Asp Ala Arg Pro Leu Gly Arg Leu
260 265 270

Ile Gly Tyr Ala His Ala Gly Val Asp Pro Glu Val Met Gly Leu Gly
275 280 285

Pro Ile Pro Ala Val Lys Ala Leu Cys Ala Arg Thr Gly Leu Ser Val
290 295 300

Ala Asp Phe Asp Val Ile Glu Ser Asn Glu Ala Phe Ala Ala Gln Ala
305 310 315 320

Leu Ala Val Ala Arg Ala Leu Asp Phe Asp Pro Ala Arg Val Asn Pro
325 330 335

Asn Gly Gly Ala Ile Ala Leu Gly His Pro Val Gly Ala Thr Gly Ala
340 345 350

Ile Ile Thr Val Lys Ala Leu His Glu Leu His Arg Thr Gly Gly Arg
355 360 365

Arg Ala Leu Val Thr Met Cys Ile Gly Gly Gly Gln Gly Ile Ala Leu
370 375 380

Ala Leu Glu Arg Val
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385
<210> SEQ ID NO 47
<211> LENGTH: 1086
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 47
atggcgaagce gcagacggct tgaggctcecece teggceggaag aactcgagga gctggagace 60
ggtttcegeee gegaaaccte caccagcacg cggcecgecca tcegcacaggt ggeggceggat 120
geggectege tggecatgee gatgeccacg gecgaacgtg cegeggecge gaaggacage 180
geegatgeca cacggctgag gcaggecgag gecgaagggt tgettetget cgagatccceg 240
ctggecgaga tccgegecga tgatctgacg cgecgaccgge tgaagatcga cggcgaggaa 300
atggacgagce tgcgegectce gatccgageg catgggetge ggttgccggt cgaggtgtte 360

gagceggecegyg aggggcaggg agagcegctac ggtctgatcet ceggetggeg gegtetgtgg 420
gegetgeget cgetecatge cgagacggge gacgggceget tegecegggt gegtgegetg 480
gtgcggegge cgaccgacgt cteggcagece tatgtcegega tggtcegagga aaacgagatc 540
cgctetgace tetegectta cgagegegge aggatcgegg cectegetge ggggcagggg 600
gegttegggt cggtegagga ageggtcegac gtgetgtteg gegeggecte gaaggegaag 660
cggtcgaaga tccgeagett cgegettate catgaagage tgggegatcet tetgggttte 720
gecacgacge tgggegageg gecceggectyg cgtetggece acgecctgeyg getgggetac 780
geeggageac tgcgcgagge getggceggeg gggcagggceg gegatgcecga ggcggagtgg 840
ctgctgatgg ageccttggt gaaggecgee gaagggacgg tggeggacce gtegegegge 900
ggcegecege cccgtaaaca ggttectgtyg gecagcaacgg tccagatcga geggteggge 960
gacggtcegg gctacctgtt gcggttggag ggtgacgacg tcgacgaagce gctggcgcag 1020
cgtgtegege aggagttgeg aaagctgctg gcgtecgggga gggtttcecgee ggcgaaaccce 1080
ggttga 1086
<210> SEQ ID NO 48

<211> LENGTH: 361

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 48

Met Ala Lys Arg Arg Arg Leu Glu Ala Pro Ser Ala Glu Glu Leu Glu
1 5 10 15

Glu Leu Glu Thr Gly Phe Ala Arg Glu Thr Ser Thr Ser Thr Arg Pro
20 25 30

Pro Ile Ala Gln Val Ala Ala Asp Ala Ala Ser Leu Ala Met Pro Met
35 40 45

Pro Thr Ala Glu Arg Ala Ala Ala Ala Lys Asp Ser Ala Asp Ala Thr
50 55 60

Arg Leu Arg Gln Ala Glu Ala Glu Gly Leu Leu Leu Leu Glu Ile Pro
65 70 75 80

Leu Ala Glu Ile Arg Ala Asp Asp Leu Thr Arg Asp Arg Leu Lys Ile
85 90 95

Asp Gly Glu Glu Met Asp Glu Leu Arg Ala Ser Ile Arg Ala His Gly
100 105 110

Leu Arg Leu Pro Val Glu Val Phe Glu Arg Pro Glu Gly Gln Gly Glu
115 120 125
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130

Arg Tyr Gly
130

Leu His Ala
145

Val Arg Arg

Glu Asn Glu

Ala Ala Leu

195

Val Asp Val
210

Arg Ser Phe
225

Ala Thr Thr

Arg Leu Gly

Gly Gly Asp

275

Ala Ala Glu
290

Arg Lys Gln
305

Asp Gly Pro

Ala Leu Ala

Gly Arg Val
355

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

Leu Ile Ser Gly Trp

135

Glu Thr Gly Asp Gly
150

Pro Thr Asp Val Ser

165

Ile Arg Ser Asp Leu

180

Ala Ala Gly Gln Gly

200

Leu Phe Gly Ala Ala

215

Ala Leu Ile His Glu
230

Leu Gly Glu Arg Pro

245

Tyr Ala Gly Ala Leu

260

Ala Glu Ala Glu Trp

280

Gly Thr Val Ala Asp

295

Val Pro Val Ala Ala
310

Gly Tyr Leu Leu Arg

325

Gln Arg Val Ala Gln

340

Ser Pro Ala Lys Pro

D NO 49
H: 876
DNA

<400> SEQUENCE: 49

atggagatcc

gtcttetege

aaggcgetcet

gecgaggaca

gccaggagcg

ttcgaggatc

atctcgatca

ttcatgaacc

gacccgacct

gecgaggatt

gtctacacge

ggggcgaatc

cttgcgatca

gcaaggtcgyg
tcgegggeta

cgaccatcga

aggccgcggce

acctegtgat

tggtgecegea

cacggettge

cggtgccggt

atcaggeget

tcceggectt

tctatgaagyg

atccgatggyg

tgaacgtgcet

360

cgtcgtgggc

cgaggtgctg

gegcaacatyg

getegggegy

cgaggeegec

tcttetgecy

ctegegeacy

gatgcagetce

gctcaaggty

catcgtcaac

cgtgggctcg

gccgctggag

gcacgacggg

Arg

Arg

Ala

Ser

185

Ala

Ser

Glu

Gly

Arg

265

Leu

Pro

Thr

Leu

Glu

345

Gly

Arg

Phe

Ala

170

Pro

Phe

Lys

Leu

Leu

250

Glu

Leu

Ser

Val

Glu

330

Leu

sphaeroides

Leu

Ala

155

Tyr

Tyr

Gly

Ala

Gly

235

Arg

Ala

Met

Arg

Gln

315

Gly

Arg

gcgggacaga

ctgaacgaca

gagcggeagy

atccgcacca

accgagcgeg

cacacgatcc

gaccggeccyg

gtcgagetga

gtgcagagce

cgcatecteg

gtgcgetega

ctcgeggatt

ctggccgata

Trp Ala Leu
140

Arg Val Arg

Val Ala Met

Glu Arg Gly
190

Ser Val Glu
205

Lys Arg Ser
220

Asp Leu Leu

Leu Ala His

Leu Ala Ala
270

Glu Pro Leu
285

Gly Gly Arg
300

Ile Glu Arg

Asp Asp Val

Lys Leu Leu
350

tgggcagegg
tcagcgccga
tctegegegy
cccagacect
agacggtgaa
tgacctcgaa
agaaattcat
tccegeggeat
tcggcaagac
tgccgatgat
tcgacgagte
tcatcggget

cgaaataccyg

Arg Ser
Ala Leu
160

Val Glu
175

Arg Ile

Glu Ala

Lys Ile

Gly Phe
240

Ala Leu
255

Gly Gln

Val Lys

Pro Pro

Ser Gly
320

Asp Glu
335

Ala Ser

tatcgegeat
agggctgaac

gaaggtcteg

caccgacatce
acaggcgatce
cacctecteg
gggctttcac
cgcgaccgac
cgeggecage
caacgaagcg
gatgaagcte
cgacacctge

gecetgeceg

60

120

180

240

300

360

420

480

540

600

660

720

780
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132

cttetggtga aatatgtega ggcaggatgg cteggecgga agaccgececg cggcettetac

gattatcgeg gcgagacgece ggtgccgaca cggtag

<210> SEQ ID NO 50

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rhodobacter

PRT

<400> SEQUENCE:

Met

1

Gly

Asp

Asn

Ala

65

Ala

Lys

Ile

Arg

145

Asp

Thr

Leu

Gly

Pro

225

Leu

Arg

Arg

Pro

Glu

Ile

Ile

Met

50

Ala

Arg

Gln

Leu

Thr

130

Pro

Pro

Ala

Val

Ser

210

Met

Ala

Pro

Lys

Thr
290

Ile

Ala

Ser

35

Glu

Ala

Ser

Ala

Thr

115

Asp

Val

Thr

Ala

Pro

195

Val

Gly

Ile

Cys

Thr
275

Arg

Arg

His

20

Ala

Arg

Leu

Asp

Ile

100

Ser

Arg

Met

Tyr

Ser

180

Met

Arg

Pro

Met

Pro

260

Ala

291

50

Lys

Val

Glu

Gln

Gly

Leu

85

Phe

Asn

Pro

Gln

Gln

165

Ala

Ile

Ser

Leu

Asn

245

Leu

Arg

<210> SEQ ID NO 51

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE:

atgaactatc tcgaattcga aaagccgetyg tccgagateg agggcaagge cgaggagttg

960

51

Val

Phe

Gly

Val

Arg

70

Val

Glu

Thr

Glu

Leu

150

Ala

Glu

Asn

Ile

Glu

230

Val

Leu

Gly

Gly

Ser

Leu

Ser

55

Ile

Ile

Asp

Ser

Lys

135

Val

Leu

Asp

Glu

Asp

215

Leu

Leu

Val

Phe

sphaeroides

Val

Leu

Asn

40

Arg

Arg

Glu

Leu

Ser

120

Phe

Glu

Leu

Phe

Ala

200

Glu

Ala

His

Lys

Tyr
280

Val

Ala

25

Lys

Gly

Thr

Ala

Val

105

Ile

Met

Leu

Lys

Pro

185

Val

Ser

Asp

Asp

Tyr

265

Asp

Gly

Gly

Ala

Lys

Thr

Ala

90

Pro

Ser

Gly

Ile

Val

170

Ala

Tyr

Met

Phe

Gly

250

Val

Tyr

Ala

Tyr

Leu

Val

Gln

75

Thr

His

Ile

Phe

Arg

155

Val

Phe

Thr

Lys

Ile

235

Leu

Glu

Arg

Gly

Glu

Ser

Ser

60

Thr

Glu

Leu

Thr

His

140

Gly

Gln

Ile

Leu

Leu

220

Gly

Ala

Ala

Gly

Gln

Val

Thr

45

Ala

Leu

Arg

Leu

Arg

125

Phe

Ile

Ser

Val

Tyr

205

Gly

Leu

Asp

Gly

Glu
285

Met

Leu

30

Ile

Glu

Thr

Glu

Pro

110

Leu

Met

Ala

Leu

Asn

190

Glu

Ala

Asp

Thr

Trp

270

Thr

Gly

Leu

Glu

Asp

Asp

Thr

95

His

Ala

Asn

Thr

Gly

175

Arg

Gly

Asn

Thr

Lys

255

Leu

Pro

Ser

Asn

Arg

Lys

Ile

80

Val

Thr

Ser

Pro

Asp

160

Lys

Ile

Val

His

Cys

240

Tyr

Gly

Val

840

876

60
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cgegegeteg cgceggggcaa cagggagatg gacgtcgaga aggaagegte ggegetcgac 120
aagaaggccg agacgctget gaaggatcte tacaaggacce tgaccecctyg geggaagtge 180
caggtggege gccatccecga ccgeccgeac tgcaaggact atatcgaggg cctettcace 240
gaatatacge cgctegeggg cgaccggaac ttegecgacg accatgegat catgggeggg 300
ctegegeggt tcaacgacaa tceggtggtyg gtgateggte aggagaaggg ccacgacace 360
aagacccgga tcgagegcaa ctteggeatg geccgecceg agggctateg caaagccate 420
cggctgatgg agatggegea cegetteegg ctgeeggtea tcacgetegt ggatacgecce 480
ggcgectate ccggcaaggg tgcggaagag cgceggccagg ccgaggecat tgegegggec 540
acgcagaaat gcctegagat cggegtgecg ctggtggegg tggtgategg cgagggegge 600
tcgggegggy cggtggeget ggecacggeg aaccggateg ccatgetega acatteggte 660
tattcggtga tctegeccga gggetgegee tegatcctgt ggaaggatge cgagaagatg 720
cgcgaagecg ccgaagecct geggetgace gegeaggate tecacaaget cggegtgate 780
gaccggatca tcaaggagcec geteggeggyg gegcagegeg gacgecgcega gacggtegac 840
geegtgggea aggccatcga gatgatgetyg aaggagcetgg tgggecgcaa geccgagtgg 900
ctegtgaagg atcggegecaa caagttecte gacatggggt cgaagggect cgeggegtga 960
<210> SEQ ID NO 52
<211> LENGTH: 319
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE:

Met Asn Tyr Leu

1

Ala

Glu

Asp

His

65

Glu

Ile

Gly

Gly

Met

145

Gly

Ile

Ala

Thr

Glu

Lys

Leu

50

Pro

Tyr

Met

Gln

Met

130

Ala

Ala

Ala

Val

Ala

Glu

Glu

35

Tyr

Asp

Thr

Gly

Glu

115

Ala

His

Tyr

Arg

Val
195

Asn

Leu

20

Ala

Lys

Arg

Pro

Gly

100

Lys

Arg

Arg

Pro

Ala
180

Ile

Arg

52

Glu

Arg

Ser

Asp

Pro

Leu

85

Leu

Gly

Pro

Phe

Gly
165
Thr

Gly

Ile

Phe Glu Lys

Ala Leu Ala

Ala Leu Asp
40

Leu Thr Pro
55

His Cys Lys
70

Ala Gly Asp

Ala Arg Phe

His Asp Thr
120

Glu Gly Tyr
135

Arg Leu Pro
150

Lys Gly Ala

Gln Lys Cys

Glu Gly Gly

200

Ala Met Leu

Pro

Arg

25

Lys

Trp

Asp

Arg

Asn

105

Lys

Arg

Val

Glu

Leu
185

Ser

Glu

Leu

10

Gly

Lys

Arg

Tyr

Asn

90

Asp

Thr

Lys

Ile

Glu
170
Glu

Gly

His

Ser

Asn

Ala

Lys

Ile

75

Phe

Asn

Arg

Ala

Thr

155

Arg

Ile

Gly

Ser

Glu Ile Glu Gly Lys

Arg Glu Met
30

15

Asp Val

Glu Thr Leu Leu Lys

45

Cys Gln Val
60

Ala Arg

Glu Gly Leu Phe Thr

Ala Asp Asp
Pro Val Val
110

Ile Glu Arg
125

80

His Ala
95

Val Ile

Asn Phe

Ile Arg Leu Met Glu

140

Leu Val Asp

Gly Gln Ala

Gly Val Pro
190

Ala Val Ala
205

Val Tyr Ser

Thr Pro
160

Glu Ala

175

Leu Val

Leu Ala

Val Ile
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210 215 220

Ser Pro Glu Gly Cys Ala Ser Ile Leu Trp Lys Asp Ala Glu Lys Met
225 230 235 240

Arg Glu Ala Ala Glu Ala Leu Arg Leu Thr Ala Gln Asp Leu His Lys
245 250 255

Leu Gly Val Ile Asp Arg Ile Ile Lys Glu Pro Leu Gly Gly Ala Gln
260 265 270

Arg Gly Arg Arg Glu Thr Val Asp Ala Val Gly Lys Ala Ile Glu Met
275 280 285

Met Leu Lys Glu Leu Val Gly Arg Lys Pro Glu Trp Leu Val Lys Asp
290 295 300

Arg Arg Asn Lys Phe Leu Asp Met Gly Ser Lys Gly Leu Ala Ala
305 310 315

<210> SEQ ID NO 53

<211> LENGTH: 723

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 53

atgcgettge ttgatatctg gatgegecagt gecgeggeac tgatgetect gageggageg 60
gecttegeeyg atgtgacggt gagecagtee aacgatcegt cegtcagtet gggegggeag 120
cttteggece ttetgggege cgageggage geecteggga cectgecgge ccageggete 180

gagcaggtgg cggcegecgt ggeccgecce gaggcgaage ccgaggegeco ggtcaaggeg 240

gtggcgacca agggcaaccg cggcegcecaag gecgceggacg acgcteegge geegegetac 300
gacgaggcect ggcetegecte gecageeggeyg accgcgaagg actcggacga gtggaagtgt 360
ctggccacgg cgctctattt cgaggegege ggegagtega tecagggeca gttegeggtg 420
gecgaggtca tcatgaaccg cgtcgaccge cccggctate cegggtecat ctgeggegtyg 480
gtceggcagg gegggcagtt ctecttcatg ttcegacggca ageccgaaac gatccgegag 540

aaggcggect tccagegtge gggcaagate geggegetga tgetggeggg cgetceegege 600

cagctcacge agggegecac ccacttecac acccgegecyg tecgeccegyg ttgggegcac 660
cgettecege gcacggegge catcggegeg catctgttet accgecagece cggeggetcece 720
tga 723

<210> SEQ ID NO 54

<211> LENGTH: 240

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 54

Met Arg Leu Leu Asp Ile Trp Met Arg Ser Ala Ala Ala Leu Met Leu
1 5 10 15

Leu Ser Gly Ala Ala Phe Ala Asp Val Thr Val Ser Gln Ser Asn Asp
20 25 30

Pro Ser Val Ser Leu Gly Gly Gln Leu Ser Ala Leu Leu Gly Ala Glu
35 40 45

Arg Ser Ala Leu Gly Thr Leu Pro Ala Gln Arg Leu Glu Gln Val Ala
50 55 60

Ala Ala Val Ala Arg Pro Glu Ala Lys Pro Glu Ala Pro Val Lys Ala
65 70 75 80

Val Ala Thr Lys Gly Asn Arg Gly Ala Lys Ala Ala Asp Asp Ala Pro
85 90 95
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Ala Pro Arg
Lys Asp Ser
115

Ala Arg Gly
130

Met Asn Arg
145

Val Arg Gln

Thr Ile Arg

Leu Met Leu

195

Phe His Thr
210

Thr Ala Ala
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Asp Glu Ala Trp

100

Asp Glu Trp Lys Cys

120

Glu Ser Ile Gln Gly

135

Val Asp Arg Pro Gly
150

Gly Gly Gln Phe Ser

165

Glu Lys Ala Ala Phe

180

Ala Gly Ala Pro Arg

200

Arg Ala Val Arg Pro

215

Ile Gly Ala His Leu
230

D NO 55
H: 507
DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 55

gtggcggagg
atcceggece
tcgagetteg
gagatggagce
tatctegaac
atcgtgetge
ggcaccgaag
tacgcageceg
tegetgeteg
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

cgttcagagyg
cctteegteg
tgctegteta
ggatcgagga
gcaacatgat
cgcccaagygyg
ccacctttge
agctegeege
aagagacggg
D NO 56

H: 168
PRT

cgaatacaac

tgtcatcgaa

tggcggcgac

acggatcege

caccctegeg

ccgegagaag

gggcacgete

c¢gaagaggag

getetga

ISM: Rhodobacter spha

<400> SEQUENCE: 56

Met Ala Glu
1

Ala Arg Val
Asp Pro Lys
35

Gly Asp Arg
50

Ile Glu Glu
65

Tyr Leu Glu

Ala Phe Arg Gly Glu

Ser Ile Pro Ala Pro

20

Phe Ser Gly Gly Arg

40

Ser Tyr Val Glu Cys

55

Arg Ile Arg Ser Leu

70

Arg Asn Met Ile Thr

85

Leu Ala Ser
105

Leu Ala Thr

Gln Phe Ala

Tyr Pro Gly

155

Phe Met Phe
170

Gln Arg Ala
185

Gln Leu Thr

Gly Trp Ala

Phe Tyr Arg
235

eroides

cagaaggttyg
gegggegate
cgctectacy
agcctgecca
cttaacatgg
ctgggcatct
aacaagttcc

gtgctectge

eroides

Tyr Asn Gln
10

Phe Arg Arg
25

Ser Ser Phe

Tyr Thr Ile

Pro Met Gly
75

Leu Ala Leu
90

Gln Pro Ala
110

Ala Leu Tyr
125

Val Ala Glu
140

Ser Ile Cys

Asp Gly Lys

Gly Lys Ile

190

Gln Gly Ala
205

His Arg Phe
220

Gln Pro Gly

acgccaagge
ccaaattctce
tcgaatgceta
tgggcacgee
agctcgacga
cgceccgacga
agatctggaa

ctcegggege

Lys Val Asp

Val Ile Glu
30

Val Leu Val
45

Ser Glu Met
60

Thr Pro Lys

Asn Met Glu

Thr Ala

Phe Glu

Val Ile

Gly Val

160

Pro Glu
175

Ala Ala

Thr His

Pro Arg

Gly Ser
240

gegggtgteg
cggeggecgg
caccatttce
caagcggege
ggacggceegg
getgaaggge
ggcegacace

cgacatgete

Ala Lys
15

Ala Gly

Tyr Gly

Glu Arg

Arg Arg

80

Leu Asp
95

60

120

180

240

300

360

420

480

507
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Glu Asp Gly
Ile Ser Pro
115

Thr Leu Asn
130

Leu Ala Ala
145

Ser Leu Leu

<210> SEQ I
<211> LENGT.
<212> TYPE:

Arg Ile Val Leu Pro

100

Asp Glu Leu Lys Gly

120

Lys Phe Gln Ile Trp

135

Glu Glu Glu Val Leu
150

Glu Glu Thr Gly Leu

165
D NO 57
H: 360

DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 57

atgcgeceeg

taccgtgaga

atcgcgacce

cecegacegge

gaggccgtge

gtcacgccge

tgctctatgt

actatgccac

tgcgcgagte

tgcgecgaget

aattcggete

aggatctgeg

<210> SEQ ID NO 58
<211> LENGTH: 119

<212> TYPE:

PRT

cctcacctte

gcagcaggcg

geteteggty

ggcggegetyg

ggccgcecgcag

gccgggcgac

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 58

Met Arg Pro
1

Ala Phe Trp
Asp Val Ser
35

Ser Val Gln
50

Arg Glu Leu
65

Glu Ala Val

Pro Leu Gln

Gly Glu Val
115

Val Leu Tyr Val Leu

Ala Tyr Arg Glu Asn

Ala Leu Asn Arg Glu

40

Arg Ala Glu Trp Ala

55

Ala Ala Leu Asn Phe

70

Gln Phe Gly Ser Ala

85

Val Val Thr Pro Gln

100

Gly Glu Pro Leu

<210> SEQ ID NO 59
<211> LENGTH: 1794

<212> TYPE:

DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 59

Pro Lys Gly
105

Gly Thr Glu

Lys Ala Asp

Leu Pro Pro
155

eroides

ctcgeegtga
ctcaaggatg
cagcgegegy
aacttcgacc
gtctectace

atctcgggeyg

eroides

Thr Phe Leu
10

Tyr Ala Thr
25

Ile Ala Thr

Tyr Leu Asn

Asp Arg Leu
75

Ala Gln Val
90

Asp Leu Arg
105

eroides

Arg Glu Lys
110

Ala Thr Phe
125

Thr Tyr Ala
140

Gly Ala Asp

tggggctgge
tcteggeget
aatgggccta
gtctgggect

cgceggatee

aagtgggaga

Ala Val Met

Gln Gln Ala

Leu Arg Glu
45

Arg Pro Asp
60

Gly Leu Leu

Ser Tyr Pro

Pro Gly Asp
110

Leu Gly

Ala Gly

Ala Glu

Met Leu
160

cttetgggece
caaccgcgag
tctgaacegt
getgeegete
gettcaggtyg

gecgetgtga

Gly Leu
15

Leu Lys

Ser Leu

Arg Leu

Pro Leu
80

Pro Asp
95

Ile Ser

gtgatccgeca cgecgetgeg tecectegee cggatcecteg acgeccegege caagggegag

aatcccgatt ccatcgageg cgagaaccge cgeatcegece acgaggcegat gegcgacaag

60

120

180

240

300

360

60

120
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gegegcaace gegecgaggg ccggetectg ctgcteggee tcagettett cetegectte 180
tcegtecattyg gggegegecat ggggettetg gectegacee ageccatgga gcecgegegeg 240
geggegageyg gggcecgagat cctgaaccag cgggccgaca ttaccgaccg ctegggecgyg 300
atcctegeca cgaacctgcet gacccatteg ctetacgece atccgcagga catggtggat 360
ccecteceggg tegeccgega getggeggeg atcetteceeyg aactgaagga agaggatcte 420
gccaageget tcaccgacgg ccgecgette ctetggatce gecaagaaget ctegeccgag 480
cagatgcagce aggtgcatga catcggegac cegggectge tetteggece gegegagatg 540
cgectetate ccaacggecg getggeggece catgtgeteg geggcaccag ctteggegece 600
gagggcgtee attcggcgga agtgatcgge acggccggca tcgagaaggce gcetcgacacy 660
cggetgegeg atceggegge ggccggagag cegetgcage tcetcecatcega cctgacegtyg 720
caggcggeca tcaccgaggt tctceggegee ggcatgaaga tgatgaacge caagggcegceg 780
acggcgatce tgatggaggce gcacagegge gagatccteg cgetegecte getgeccgac 840
ttecgatccga acgaccgtcece ggcgccecte gtegatcgea acgecgatcece cggcgacage 900
cegetettea accgegeggt gecagggegte tacgaacteg getcgacctt caagatctte 960
accgtggetce aggcgatgga gcetgggectce gtgaatgcege agaccatcgt cgatgccaat 1020
gcgecgatge getggggcecg gttectcatce aaggaattca agaaccacaa ttacggeccg 1080
ctecctetegg tcaccgacgt catcgtgaaa agctcgaacg tgggtgtggce geggcetegeg 1140
ctccagatcg gggggctgceg ccagcaggcece ttectgaaat cgcectgggcett cttegatcecg 1200
accceggteg agetggtega ggcaccctat geccgecege tegteccege gaaatgggece 1260
gagatcacca cgatcaccac ctcctacgge cacgggeteg cegcgagecc getgcatcetg 1320
geegeggect acggcacgat cgcgaacggce ggcatcaccg tgaaacccac gctcectteat 1380
gggaacgacce gtcecgcaggg cgcgegegece atgegggecyg aggtcegegea cgattcgete 1440
gegatgetyge ggcaggtggt gacgegegge acggectect acggcgacgt cgagggttac 1500
gaggtggcegyg gcaagaccgg caccgecgac aagcccaacce cgegceggegg ctattatcac 1560
gacaaggtgg tgaacacctt cgcctccatce ttcccecgect cggacccgceg ctatgtgetg 1620
atcgtcacge tcgacgagcece ggtcgagacce tegggtcecee agecgcegecyg gacggecgge 1680
tacaccgceg tccecegtgge cgccgagate atccgtegea cggegecget ccteggectg 1740
cgccccaagg ttgaagccece acccgtggat cggataacag cggtgcgcaa ctga 1794
<210> SEQ ID NO 60
<211> LENGTH: 597
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 60

Met Ile Arg
1

Ala Lys Gly
Arg His Glu
35

Leu Leu Leu
50

Ala Arg Met
65

Thr Pro Leu Arg Pro
5

Glu Asn Pro Asp Ser
20

Ala Met Arg Asp Lys
40

Leu Gly Leu Ser Phe
55

Gly Leu Leu Ala Ser
70

Leu Ala Arg
10

Ile Glu Arg
25

Ala Arg Asn

Phe Leu Ala

Thr Gln Pro
75

Ile Leu Asp
Glu Asn Arg
30

Arg Ala Glu
45

Phe Ser Val
60

Met Glu Pro

Ala Arg

15

Arg Ile

Gly Arg

Ile Gly

Arg Ala
80
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Ala

Arg

Ala

Ala

Thr

145

Gln

Pro

Leu

Ile

Pro

225

Gln

Ala

Leu

Pro

Arg

305

Thr

Phe

Gly
385
Thr

Ala

Leu

Asn

Pro

465

Ala

Ala

Ser

His

Ala

130

Asp

Met

Arg

Gly

Gly

210

Ala

Ala

Lys

Ala

Leu

290

Ala

Val

Asp

Lys

Lys

370

Leu

Pro

Lys

Ala

Gly
450

Gln

Met

Ser

Gly

Pro

115

Ile

Gly

Gln

Glu

Gly

195

Thr

Ala

Ala

Gly

Leu

275

Val

Val

Ala

Ala

Asn

355

Ser

Arg

Val

Trp

Ala
435
Gly

Gly

Leu

Gly

Arg

100

Gln

Phe

Arg

Gln

Met

180

Thr

Ala

Ala

Ile

Ala

260

Ala

Asp

Gln

Gln

Asn

340

His

Ser

Gln

Glu

Ala

420

Ser

Ile

Ala

Arg

Ala

85

Ile

Asp

Pro

Arg

Val

165

Arg

Ser

Gly

Gly

Thr

245

Thr

Ser

Arg

Gly

Ala

325

Ala

Asn

Asn

Gln

Leu

405

Glu

Pro

Thr

Arg

Gln
485

Glu

Leu

Met

Glu

Phe

150

His

Leu

Phe

Ile

Glu

230

Glu

Ala

Leu

Asn

Val

310

Met

Pro

Tyr

Val

Ala

390

Val

Ile

Leu

Val

Ala

470

Val

Ile Leu Asn Gln Arg Ala Asp Ile Thr
90 95

Ala Thr Asn Leu Leu Thr His Ser Leu
105 110

Val Asp Pro Leu Arg Val Ala Arg Glu
120 125

Leu Lys Glu Glu Asp Leu Ala Lys Arg
135 140

Leu Trp Ile Arg Lys Lys Leu Ser Pro
155

Asp Ile Gly Asp Pro Gly Leu Leu Phe
170 175

Tyr Pro Asn Gly Arg Leu Ala Ala His
185 190

Gly Ala Glu Gly Val His Ser Ala Glu
200 205

Glu Lys Ala Leu Asp Thr Arg Leu Arg
215 220

Pro Leu Gln Leu Ser Ile Asp Leu Thr
235

Val Leu Gly Ala Gly Met Lys Met Met
250 255

Ile Leu Met Glu Ala His Ser Gly Glu
265 270

Pro Asp Phe Asp Pro Asn Asp Arg Pro
280 285

Ala Asp Pro Gly Asp Ser Pro Leu Phe
295 300

Tyr Glu Leu Gly Ser Thr Phe Lys Ile
315

Glu Leu Gly Leu Val Asn Ala Gln Thr
330 335

Met Arg Trp Gly Arg Phe Leu Ile Lys
345 350

Gly Pro Leu Leu Ser Val Thr Asp Val
360 365

Gly Val Ala Arg Leu Ala Leu Gln Ile
375 380

Phe Leu Lys Ser Leu Gly Phe Phe Asp
395

Glu Ala Pro Tyr Ala Arg Pro Leu Val
410 415

Thr Thr Ile Thr Thr Ser Tyr Gly His
425 430

His Leu Ala Ala Ala Tyr Gly Thr Ile
440 445

Lys Pro Thr Leu Leu His Gly Asn Asp
455 460

Met Arg Ala Glu Val Ala His Asp Ser
475

Val Thr Arg Gly Thr Ala Ser Tyr Gly
490 495

Asp

Tyr

Leu

Phe

Glu

160

Gly

Val

Val

Asp

Val

240

Asn

Ile

Ala

Asn

Phe

320

Ile

Glu

Ile

Gly

Pro

400

Pro

Gly

Ala

Arg

Leu
480

Asp
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Val Glu Gly
Asn Pro Arg
515

Ser Ile Phe
530

Asp Glu Pro
545

Tyr Thr Ala

Leu Leu Gly

Thr Ala Val
595

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Glu Val Ala Gly

500

Gly Gly Tyr Tyr His

520

Pro Ala Ser Asp Pro

535

Val Glu Thr Ser Gly
550

Val Pro Val Ala Ala

565

Leu Arg Pro Lys Val

580

Arg Asn

D NO 61
H: 1488
DNA

Lys Thr Gly
505

Asp Lys Val

Arg Tyr Val

Pro Gln Pro

555

Glu Ile Ile
570

Glu Ala Pro
585

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 61

atggcggatce

ggcgacatcyg

ttegeggege

gcaggcgeca

gegggetegg

geegeectet

aagacctegg

aacatcggca

gagcccatca

gccatggagg

gCCgnggCt

tatttecgeeg

gtcaatcteg

cgggtgatcg

gacgcgaccyg

cegetgateg

dcgggegacy

cggatgcage

acgcccgacyg

gtegtegtet

geegeggeayg

cecegeageca

c¢gggcecgagy

dcgggcaagy

gecgaacagg

gegecagcaac

cegtgacegyg

tgcceggete

ccgegatect

gegeggeect

ggttcggccg

tcgegaccett

cgaccggegt

cecctecaceyg

cctectecca

tcaccaactt

ccaaggeegyg

acgatcceeg

gcacgggett

ggcaggacct

geggetteca

cececeecgageg

tegecgecac

cecctegecac

thgthng

accatgccga

tcegeegege

ccatcetgeg

gccacgaatce

cgagcatege

actcteggeyg

cctegeggtt

ccgeagecac

caccgatgec

cgtectggec

ccagceegeg

cacccgecag

cgagggcgcc

getectegee

cgggctcgag

cacccaggac

getettcace

cggecccgag

tcacgccgat

cegettetee

ggcetggaac

ggtettegee

ccgcaagaac

cgcectcaag

cggegaccge

cgtgctetat

catcctegag

cggegtegat

gggccaggtyg

caccgecgeg

ctcgggetcea

gacagccgge

ggcgcgagct

geeggegegy

gaggatccce

accgtggteg

atctgggcgg

ttcgcagece

gaggceggcecyg

cagcgeaged

catctegact

cgggtettge

atcgcggece

geggacctge

tggcagggcyg

gtegeggteg

accttctece

ggthCthg

gegetgegee

gaccgeggcea

gtcaccgacyg

gectgeceey

gegetcacge

gtgggcaccg

ctggacgggc

Thr Ala Asp
510

Val Asn Thr
525

Leu Ile Val
540

Arg Arg Thr

Arg Arg Thr

Pro Val Asp
590

cgceccgcagyg
aagtgcgece
tegtgecgge
cgctegegeyg
gccagacect
ccgtaacggyg
cccteggeca
cctecgececa
aggcgggegt
tcgacggegt
atcacgagac
ccgacgaggyg
tegegeggge
gecttetete
aggtgcatct
cggecagect
ggcttcaggg
tcttegtega
cgcatgtgat
agcgeecget
acaatcceeg
aggcgcatga
cgggcgacge
acatcttece

tgatatga

Lys Pro

Phe Ala

Thr Leu

Ala Gly

560

Ala Pro
575

Arg Ile

cggecgegga
cggcacccte
ggcgetegece
cgaggegete
cgeceggegeg
caccaacgge
tgcecgegate
taccacgcce
cacccatgee
gecatctegeg
cttegaggece
cacggeggte
gegegegeaa
gcagecgette
cgegegtety
cgccategge
cgtgegeggg
ttatgcccat
ggggcegceate
gatgggccege
caccgaggat
ggtgggcgac
gcetecteate

cttecgacgat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1488
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<210> SEQ ID NO 62

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rhodobacter

PRT

<400> SEQUENCE:

Met
1
Gly
Arg
Ser
Ala
65

Ala

Leu

Arg
Thr
145

Glu

Arg

Gln

Lys

225

Ala

Leu

Phe

Gly

305

Ala

Gly

Ser

Leu

Ala

Gly

Gln

His

50

Ile

Gly

Ala

Ala

Gln

130

Gly

Pro

Thr

Leu

Asp

210

Ala

Asn

Arg

Arg

Ser

290

Phe

Gly

Val

Val

Lys
370

Asp

Arg

Val

35

Gly

Leu

Ser

Gly

Val

115

Ile

Val

Ile

His

Asp

195

His

Gly

Leu

Ala

Leu

275

Trp

Gln

Asp

Arg

Phe
355

Ala

Arg

Gly

20

Arg

Ala

Thr

Gly

Ala

100

Thr

Trp

Glu

Thr

Ala

180

Gly

Leu

Leu

Asp

Gln

260

Leu

Gln

Ala

Ala

Gly
340

Val

Leu

495

62

Ala

Gly

Pro

Ser

Asp

Ala

85

Ala

Gly

Ala

Gly

Leu

165

Ala

Val

Asp

Phe

Asp

245

Arg

Ser

Gly

Trp

Pro
325
Arg

Asp

Arg

Ala

Asp

Gly

Phe

Ala

70

Ala

Ala

Thr

Ala

Ala

150

His

Met

His

Tyr

Thr

230

Pro

Val

Gln

Glu

Asn

310

Glu

Met

Tyr

Pro

Thr

Ile

Thr

Val

55

Ala

Leu

Leu

Asn

Leu

135

Phe

Arg

Glu

Leu

His

215

Arg

Arg

Ile

Arg

Val

295

Val

Arg

Gln

Ala

His
375

sphaeroides

Leu

Ala

Leu

40

Pro

Gly

Val

Trp

Gly

120

Gly

Ala

Leu

Ala

Ala

200

Glu

Val

Gly

Gly

Phe

280

His

Ala

Val

Leu

His
360

Val

Ser

Val

Phe

Ala

Ala

Leu

Phe

105

Lys

His

Ala

Leu

Ser

185

Ala

Thr

Leu

Pro

Thr

265

Asp

Leu

Val

Phe

Ala
345

Thr

Met

Ala

10

Thr

Ala

Ala

Ala

Ala

Gly

Thr

Ala

Pro

Ala

170

Ser

Ala

Phe

Pro

Glu

250

Gly

Ala

Ala

Ala

Ala
330
Ala

Pro

Gly

Leu

Gly

Ala

Leu

Leu

75

Glu

Arg

Ser

Ala

Ser

155

Glu

His

Gly

Glu

Asp

235

Ile

Phe

Thr

Arg

Ala

315

Thr

Thr

Asp

Arg

Gly

Leu

Leu

Ala

60

Ala

Asp

Gln

Val

Ile

140

Ala

Ala

Gly

Phe

Ala

220

Glu

Ala

His

Gly

Leu

300

Ser

Phe

Arg

Ala

Ile
380

Leu

Ala

Pro

45

Ala

Arg

Pro

Pro

Ala

125

Asn

His

Ala

Leu

Thr

205

Tyr

Gly

Ala

Ala

Gln

285

Pro

Leu

Ser

Lys

Leu
365

Val

Thr

Val

Gly

Gly

Glu

Arg

Ala

110

Thr

Ile

Thr

Glu

Glu

190

Asn

Phe

Thr

Leu

Asp

270

Asp

Leu

Ala

Arg

Asn
350

Ala

Val

Pro

15

Asp

Ser

Ala

Ala

Gln

95

Thr

Phe

Gly

Thr

Ala

175

Gln

Phe

Ala

Ala

Ala

255

Ala

Leu

Ile

Ile

Leu
335
Gly

Thr

Val

Ala

Ser

Arg

Thr

Leu

80

Thr

Val

Thr

Thr

Pro

160

Gly

Arg

Thr

Ala

Val

240

Arg

Asp

Arg

Gly

Gly

320

Gln

Ala

Ala

Phe
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Gly Ala Gly Gly Asp Arg Asp Arg Gly Lys Arg Pro Leu Met Gly Arg
385 390 395 400

Ala Ala Ala Asp His Ala Asp Val Leu Tyr Val Thr Asp Asp Asn Pro
405 410 415

Arg Thr Glu Asp Pro Ala Ala Ile Arg Arg Ala Ile Leu Glu Ala Cys
420 425 430

Pro Glu Ala His Glu Val Gly Asp Arg Ala Glu Ala Ile Leu Arg Gly
435 440 445

Val Asp Ala Leu Thr Pro Gly Asp Ala Leu Leu Ile Ala Gly Lys Gly
450 455 460

His Glu Ser Gly Gln Val Val Gly Thr Asp Ile Phe Pro Phe Asp Asp
465 470 475 480

Ala Glu Gln Ala Ser Ile Ala Thr Ala Ala Leu Asp Gly Leu Ile
485 490 495

<210> SEQ ID NO 63

<211> LENGTH: 1434

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 63

atgaccccce tctggaccte cgacgaggece gecgecacga cgggeggecyg cgcecaccecege 60
gecttegeeyg ccacaggcegt ctcgatcgac acccgcagece tegggecggyg cgacctette 120
gtggcgctca ccgaccageg cgacggcecac gecttegtgg cegaggeget ggecegtgge 180
geegeegegyg cgetggtete gegecgeceyg gaaggectee ccegaggatge geegetectt 240
ctegtgeceg atgtgetgga agggcteege gegeteggee gegeggeeceg cgeccggace 300
cgegecegeg tegtgggegt gacgggeteg gteggcaaga cctegaccaa ggagatgetg 360
cgegecacge teggegggea gggcaccgte catgecgeeg aggectcecta caacaaccac 420
tggggcegtge cgctcacget ggegeggatg ccegecgacg tggatttege cgtegtegag 480
atcggcatga accatceggg cgagatcgee cegetgtege gectegeceg gecgeatetg 540
geccteatca ccacegtgge cgeggeccat ctegaggect tegacagect ctecgecatc 600

geccgaggaga aggccgcegat cctegagggyg ctegageegg cegggegege gatcttgecc 660

geegggeteg aggtgtegee ggtgetegea geccgegeog cggegetggyg cgtgecggec 720

gtgacctteg gecagacgge cgacgcecgac tggegecteg ccgacatcca gatcacccec 780
gaggccacceg tcgegeggge gagecatgee ggceggaacct tectettcaa ggtgetgacyg 840
cegggecgge atttegecte gaacgegete gecactetgg cegeggecga ggegeteggg 900
ctcgatcteca ccategecge ctgegacttg ggtctetgga cgeegeccte gggcecgegge 960

acgcgegage gcatcgeget cgacceggtyg gacgaggcag gettcgacct gatcgacgat 1020

gccttcaacyg ccaatceccge ctegatggeg gcgagecteg agettetgge cgcgatggeg 1080

cccaccgacy gggtegggeg gatcgecgee ggecgecgga tegecatect cggegacatg 1140

ctcgaacteg ggcccaccga ggcagagetg categtgegg tggecgacca tcecegecctg 1200

gecgagateg ccectegttea ctgegtggge ccccggatge gggegetcoca cgaggegetg 1260

cegegecgee agcegeggega atgggtegag accgeggeeg agetegtgee gegggeccegt 1320

ctgctegteg atgcgggcega catcgtgcectg gtgaagggct cgaaagggat caaggtcagce 1380

ctggtggttg acgcgcteceg caaactgggce cagtcgagcce catccaggac ctga 1434
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<210> SEQ ID NO 64

<211> LENGTH: 477

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 64

Met Thr Pro Leu Trp Thr Ser Asp Glu Ala Ala Ala Thr Thr Gly Gly
1 5 10 15

Arg Ala Thr Arg Ala Phe Ala Ala Thr Gly Val Ser Ile Asp Thr Arg
20 25 30

Ser Leu Gly Pro Gly Asp Leu Phe Val Ala Leu Thr Asp Gln Arg Asp
Gly His Ala Phe Val Ala Glu Ala Leu Ala Arg Gly Ala Ala Ala Ala
50 55 60

Leu Val Ser Arg Arg Pro Glu Gly Leu Pro Glu Asp Ala Pro Leu Leu
65 70 75 80

Leu Val Pro Asp Val Leu Glu Gly Leu Arg Ala Leu Gly Arg Ala Ala
85 90 95

Arg Ala Arg Thr Arg Ala Arg Val Val Gly Val Thr Gly Ser Val Gly
100 105 110

Lys Thr Ser Thr Lys Glu Met Leu Arg Ala Thr Leu Gly Gly Gln Gly
115 120 125

Thr Val His Ala Ala Glu Ala Ser Tyr Asn Asn His Trp Gly Val Pro
130 135 140

Leu Thr Leu Ala Arg Met Pro Ala Asp Val Asp Phe Ala Val Val Glu
145 150 155 160

Ile Gly Met Asn His Pro Gly Glu Ile Ala Pro Leu Ser Arg Leu Ala
165 170 175

Arg Pro His Leu Ala Leu Ile Thr Thr Val Ala Ala Ala His Leu Glu
180 185 190

Ala Phe Asp Ser Leu Ser Ala Ile Ala Glu Glu Lys Ala Ala Ile Leu
195 200 205

Glu Gly Leu Glu Pro Ala Gly Arg Ala Ile Leu Pro Ala Gly Leu Glu
210 215 220

Val Ser Pro Val Leu Ala Ala Arg Ala Ala Ala Leu Gly Val Pro Ala
225 230 235 240

Val Thr Phe Gly Gln Thr Ala Asp Ala Asp Trp Arg Leu Ala Asp Ile
245 250 255

Gln Ile Thr Pro Glu Ala Thr Val Ala Arg Ala Ser His Ala Gly Gly
260 265 270

Thr Phe Leu Phe Lys Val Leu Thr Pro Gly Arg His Phe Ala Ser Asn
275 280 285

Ala Leu Ala Thr Leu Ala Ala Ala Glu Ala Leu Gly Leu Asp Leu Thr
290 295 300

Ile Ala Ala Cys Asp Leu Gly Leu Trp Thr Pro Pro Ser Gly Arg Gly
305 310 315 320

Thr Arg Glu Arg Ile Ala Leu Asp Pro Val Asp Glu Ala Gly Phe Asp
325 330 335

Leu Ile Asp Asp Ala Phe Asn Ala Asn Pro Ala Ser Met Ala Ala Ser
340 345 350

Leu Glu Leu Leu Ala Ala Met Ala Pro Thr Asp Gly Val Gly Arg Ile
355 360 365

Ala Ala Gly Arg Arg Ile Ala Ile Leu Gly Asp Met Leu Glu Leu Gly
370 375 380
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Pro Thr Glu Ala Glu Leu His Arg Ala Val Ala Asp His Pro Ala Leu
385 390 395 400
Ala Glu Ile Ala Leu Val His Cys Val Gly Pro Arg Met Arg Ala Leu
405 410 415
His Glu Ala Leu Pro Arg Arg Gln Arg Gly Glu Trp Val Glu Thr Ala
420 425 430
Ala Glu Leu Val Pro Arg Ala Arg Leu Leu Val Asp Ala Gly Asp Ile
435 440 445
Val Leu Val Lys Gly Ser Lys Gly Ile Lys Val Ser Leu Val Val Asp
450 455 460
Ala Leu Arg Lys Leu Gly Gln Ser Ser Pro Ser Arg Thr
465 470 475
<210> SEQ ID NO 65
<211> LENGTH: 1083
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 65
atgctgtate tcctgaccge cttctecgac ggeggcgaca ttttcaacct cttecgetac 60
ctgaccttee gggecggage cgecttette accgegetga tetteggett cctettegge 120
cgecegetga tcegacttect gegccgeaag cagggcaagyg gccagecgat ccgggacgac 180
gggccgacca cccacttcege caaggeggge acccccacca tgggeggect tcetgatccte 240
tcggeacttyg tggtcectegac cctectetgg gegeggeteg acaatcctta cgtctggate 300
gtectecteg tgaccgtgge ctteggectg atceggetteg cegacgacta tgccaaggty 360
aagaagcaga acaccaaggg cgtgccggge cgggtgegtt tectgategg getectgate 420
geegegeteyg cggecatcege ggecgectgg tegcatccege cggatctgac getccagete 480
gecatgecct tettcaagga tgcgetcatce aatctegget ggttettegt geccttegece 540
atggtggtga tcgtgggcge ggccaatgeg gtgaaccteca ccgacggget cgacgggcetg 600
gecatcatge cggtgatgat cgcgggcace acccteggeg tgatcgecta tgtegtcegge 660
aacttcaatc tgaccgacta tctgggegte catttegtec ceggcacggyg cgagettcetg 720
atcttcaget ccgegetegt ggggggeggg ctgggcettte tgtggtacaa cgcegeccccyg 780
geegeggtet tcatgggcga cacgggeteg ctegeectgg geggcegeget cggegecatce 840
geggtetgea ccaagcacga gatcgtgete gegategtgg geggectett cgtcaccgag 900
gegetetegy tcatcatcca ggttetcetat ttcaagegeca cegggeggeyg ggtgttectg 960
atggcgccga tccaccacca tttcgagaag aagggctggyg ccgagcecgca gatcgtgate 1020
cgcttetgga tcatctcecget gatcctegcee ctgatcggece tcectcgaccet caagetgegce 1080
tga 1083
<210> SEQ ID NO 66
<211> LENGTH: 360
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 66

Met Leu Tyr Leu Leu Thr Ala

1

Leu Phe Arg Tyr Leu Thr Phe

Leu Ile Phe Gly Phe Leu Phe

5

20

25

10

30

Phe Ser Asp Gly Gly Asp Ile Phe Asn

15

Arg Ala Gly Ala Ala Phe Phe Thr Ala

Gly Arg Pro Leu Ile Asp Phe Leu Arg
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-continued

35 40 45

Arg Lys Gln Gly Lys Gly Gln Pro Ile Arg Asp Asp Gly Pro Thr Thr
50 55 60

His Phe Ala Lys Ala Gly Thr Pro Thr Met Gly Gly Leu Leu Ile Leu
65 70 75 80

Ser Ala Leu Val Val Ser Thr Leu Leu Trp Ala Arg Leu Asp Asn Pro
85 90 95

Tyr Val Trp Ile Val Leu Leu Val Thr Val Ala Phe Gly Leu Ile Gly
100 105 110

Phe Ala Asp Asp Tyr Ala Lys Val Lys Lys Gln Asn Thr Lys Gly Val
115 120 125

Pro Gly Arg Val Arg Phe Leu Ile Gly Leu Leu Ile Ala Ala Leu Ala
130 135 140

Ala Ile Ala Ala Ala Trp Ser His Pro Pro Asp Leu Thr Leu Gln Leu
145 150 155 160

Ala Met Pro Phe Phe Lys Asp Ala Leu Ile Asn Leu Gly Trp Phe Phe
165 170 175

Val Pro Phe Ala Met Val Val Ile Val Gly Ala Ala Asn Ala Val Asn
180 185 190

Leu Thr Asp Gly Leu Asp Gly Leu Ala Ile Met Pro Val Met Ile Ala
195 200 205

Gly Thr Thr Leu Gly Val Ile Ala Tyr Val Val Gly Asn Phe Asn Leu
210 215 220

Thr Asp Tyr Leu Gly Val His Phe Val Pro Gly Thr Gly Glu Leu Leu
225 230 235 240

Ile Phe Ser Ser Ala Leu Val Gly Gly Gly Leu Gly Phe Leu Trp Tyr
245 250 255

Asn Ala Pro Pro Ala Ala Val Phe Met Gly Asp Thr Gly Ser Leu Ala
260 265 270

Leu Gly Gly Ala Leu Gly Ala Ile Ala Val Cys Thr Lys His Glu Ile
275 280 285

Val Leu Ala Ile Val Gly Gly Leu Phe Val Thr Glu Ala Leu Ser Val
290 295 300

Ile Ile Gln Val Leu Tyr Phe Lys Arg Thr Gly Arg Arg Val Phe Leu
305 310 315 320

Met Ala Pro Ile His His His Phe Glu Lys Lys Gly Trp Ala Glu Pro
325 330 335

Gln Ile Val Ile Arg Phe Trp Ile Ile Ser Leu Ile Leu Ala Leu Ile
340 345 350

Gly Leu Ser Thr Leu Lys Leu Arg
355 360

<210> SEQ ID NO 67

<211> LENGTH: 924

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 67

atggcgggac agtccggecag gacgtteece agggttgetg tgetgatggg cggggecteg 60
accgagegeg aggtgteget gtegteggge cattegtgea gegeageect gegggacgca 120
ggctatgagg tgacggaggt cgatgccgge cccgaccteg cecgegtget ggeggagett 180
tctecegatyg cggtettecaa cgegetecac ggecgetggg gegaggatgg ctgegtgeag 240

ggcctgeteg agtggetgeg cattcectac acccattceg gggtgetgge cteggegetg 300
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gccatggaca aggceccgcege gaaggaggtce ttegeegegg cegggetgec cgtgacccag 360
agegtgeteg ccacgeccga ggaggtacgg gegegccaca tectgecgece gecectatgtg 420
gtcaagccca atgecgaggg ctctteggta ggcegtctata tegtgcacga ggatgccaac 480
ggteccgecge agetegegge cgacatgecg caagacctga tggtcgagac ctatgtcccce 540
ggccgegaac tcaccgtcac cgtgatggge gaccgggtge tegeggtcac cgatatcctg 600
tcecgacgget ggtacgatta cgacgccaaa taccgtceeg geggetcegeg tcatategtg 660
cctgeggace tgcceggecga gatcaccgag gectgccacyg acatcgcact ccgtgeccac 720
cgegegeteg gttgecgegg catctegege teggacctge getgggacga agegegeggyg 780
ttggegggge tgatcctect tgagaccaac actcageegyg gcatgaccee cacctegete 840
tecgeccgage aggceggegca ttgcggetat tectteceeg agttetgege ctggttggtyg 900
gaggacgcct catgcagtcg ctga 924

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

D NO 68
H: 307
PRT

<400> SEQUENCE: 68

Met Ala Gly
1

Gly Gly Ala
Cys Ser Ala
35

Ala Gly Pro
50

Val Phe Asn
65

Gly Leu Leu

Ala Ser Ala

Ala Ala Gly

115

Val Arg Ala
130

Ala Glu Gly
145

Gly Pro Pro

Thr Tyr Val
Val Leu Ala
195

Ala Lys Tyr
210

Pro Ala Glu
225

Arg Ala Leu

Gln Ser Gly Arg Thr

Ser Thr Glu Arg Glu

20

Ala Leu Arg Asp Ala

40

Asp Leu Ala Arg Val

55

Ala Leu His Gly Arg

70

Glu Trp Leu Arg Ile

Leu Ala Met Asp Lys

100

Leu Pro Val Thr Gln

120

Arg His Ile Leu Pro

135

Ser Ser Val Gly Val
150

Gln Leu Ala Ala Asp

165

Pro Gly Arg Glu Leu

180

Val Thr Asp Ile Leu

200

Arg Pro Gly Gly Ser

215

Ile Thr Glu Ala Cys
230

Gly Cys Arg Gly Ile

245

Phe

Val

Gly

Leu

Trp

Pro

Ala

105

Ser

Pro

Tyr

Met

Thr

185

Ser

Arg

His

Ser

sphaeroides

Pro

10

Ser

Tyr

Ala

Gly

Tyr

90

Arg

Val

Pro

Ile

Pro

170

Val

Asp

His

Asp

Arg
250

Arg

Leu

Glu

Glu

Glu

75

Thr

Ala

Leu

Tyr

Val

155

Gln

Thr

Gly

Ile

Ile

235

Ser

Val Ala Val

Ser Ser Gly

Val Thr Glu
45

Leu Ser Pro
60

Asp Gly Cys

His Ser Gly

Lys Glu Val
110

Ala Thr Pro
125

Val Val Lys
140

His Glu Asp

Asp Leu Met

Val Met Gly
190

Trp Tyr Asp
205

Val Pro Ala
220

Ala Leu Arg

Asp Leu Arg

Leu Met
15

His Ser

Val Asp

Asp Ala

Val Gln

80

Val Leu

Phe Ala

Glu Glu

Pro Asn

Ala Asn

160

Val Glu
175

Asp Arg

Tyr Asp

Asp Leu

Ala His

240

Trp Asp
255
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160

Glu

Pro

Gly

Cys
305

Ala

Gly

Tyr

290

Ser

Arg
Met
275

Ser

Arg

Gly Leu Ala Gly Leu

260

Thr Pro Thr Ser Leu

280

Phe Pro Glu Phe Cys

<210> SEQ ID NO 69
<211> LENGTH: 927
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 69

atgcagtcge tgagcttece

gagaccggece

ctcacgeeca

gtggtggege

ggcctegteyg

ggcgectege

agctegtteg

gcgeaggecy

gaacccgega

cgcgtggacg

ggcgccgagce

gagcggatce

gggcagcgca

ctecgacgagyg

gaccgteegyg

attgatacaa

<210>
<211>
<212>
<213>

<400>

geegegaccee

tgttcegeac

tgatcttege

acagctteca

cggaactcte

acatcgacct

aggtgcggge

tcatctggeg

atctegectt

gegecgtgee

gnggCtht

ttcagetgee

ccgaggacct

tgctgagget

gtggaagcga

SEQ ID NO 70
LENGTH: 308

TYPE:
ORGANISM: Rhodobacter

PRT

SEQUENCE: 70

295

gccgaaccege

tgcgcecteg

ggcgeteege

cagcgecgac

gcaacgccce

agaccggatc

gaccgecgece

gCgCthggC

ccgggcecgeyg

cecgcagegag

cgaggegete

geggatggge

cgtcegaggaa

tctggaccge

cgegeectac

cctatga

Met Gln Ser Leu Ser Phe Pro Pro

1

Pro

Ala

Leu

Ile

65

Gly

Leu

Pro

Tyr

Arg

50

Phe

Leu

Ser

Arg

Arg

35

Val

Ala

Val

Val

5

Arg Glu Thr Gly Arg

20

Ala Gln Arg Leu Trp

40

Gly Leu Pro Ile Val

55

Ser Ala Asp Arg Arg

70

Asp Ser Phe Gln Gln

85

Asp Gly Ala Ser Pro

Ile
265

Ser

Ala

Leu Leu Glu Thr Asn Thr Gln

270

Pro Glu Gln Ala Ala His Cys

285

Trp Leu Val Glu Asp Ala Ser

cgcaccecccce

cgetgggect

gtggggctge

cggcgcgcecyg

gaattcatgg

cgggecacge

cgegeccgea

ggactgcteg

aacctegtge

cggggcgatc

gagattcteg

gagcggeget

ccegtggety

gacgtgattt

gecctgaacy

Asn

Arg

25

Leu

Gly

Ala

Arg

Glu

sphaeroides

Arg

10

Asp

Thr

Val

Ala

Pro

90

Leu

Arg

Pro

Pro

Leu

Met

75

Glu

Ser

300

ggctegegece
atcgcgegea
cgatcgtggg
ccatggcggg
taacgctget
tggcgctgaa
tcgagagcat
aggtgcgegt
ttctegacgy
tggcggtgat
cecgecgecayg
gggacatcgt
cegtegageg
cegtegacct

cegteegecay

Thr Pro Arg

Ala Pro Ser
30

Met Phe Arg
45

Leu Val Val
60
Ala Gly Ala

Phe Met Val

Asp Arg Ile

geegegecge
geggetcetgg
cgtgetgetyg
cgectteace
ttcggtcgat
getgeegete
cgacgeggty
gaccgagege
gaccggecege
cgcegggcegag
ccccatecte
getegacege
gatgatcgeg
gegecatcaag

¢gegeggggce

Leu Ala
15

Arg Trp

Thr Ala

Ala Leu

Phe Thr
80

Thr Leu
95

Arg Ala

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

927
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100 105 110

Thr Leu Ala Leu Lys Leu Pro Leu Ser Ser Phe Asp Ile Asp Leu Thr
115 120 125

Ala Ala Arg Ala Arg Ile Glu Ser Ile Asp Ala Val Ala Gln Ala Glu
130 135 140

Val Arg Val Arg Ser Gly Gly Leu Leu Glu Val Arg Val Thr Glu Arg
145 150 155 160

Glu Pro Ala Ile Ile Trp Arg Arg Ala Ala Asn Leu Val Leu Leu Asp
165 170 175

Gly Thr Gly Arg Arg Val Asp Asp Leu Ala Phe Arg Ser Glu Arg Gly
180 185 190

Asp Leu Ala Val Ile Ala Gly Glu Gly Ala Glu Arg Ala Val Pro Glu
195 200 205

Ala Leu Glu Ile Leu Ala Ala Ala Arg Pro Ile Leu Glu Arg Ile Arg
210 215 220

Gly Leu Val Arg Met Gly Glu Arg Arg Trp Asp Ile Val Leu Asp Arg
225 230 235 240

Gly Gln Arg Ile Gln Leu Pro Val Glu Glu Pro Val Ala Ala Val Glu
245 250 255

Arg Met Ile Ala Leu Asp Glu Ala Glu Asp Leu Leu Asp Arg Asp Val
260 265 270

Ile Ser Val Asp Leu Arg Ile Lys Asp Arg Pro Val Leu Arg Leu Ala
275 280 285

Pro Tyr Ala Leu Asn Ala Val Arg Arg Ala Arg Gly Ile Asp Thr Ser
290 295 300

Gly Ser Asp Leu
305

<210> SEQ ID NO 71

<211> LENGTH: 1335

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 71

atgaccgacce tctatcagtc ccagcgegece atgeggaaca tgcgecgege cgccatgcag 60

cggggegtga tegegatect cgacgtggge tcttecaaga tcacctgect gatcctgege 120

ttcgacggge cggaccgget gegegageat gacggggtgg ggcegatgge cgggcagtece 180

tegtteeggyg tcatcegggge cgccaccace cggtegegeg gggtgeattt cggegagatce 240
tcggtgatga acgagaccga gegegegate cgecaccgegg tgcaggegge gcagaagatg 300
geccaacgtcee gggtggacca tgtgatcgece tgtttegeeg gegecgatcce gegeagetac 360

ggcctegegyg gegagtggga getgcaggat teggtegtga cegagcagga tgtggeccge 420

gtgatggceg cctgegacgt geccgactte ggtcagggee gegaggtget geacgeccag 480
ceggtgaact tegeectega ccaccgeace gggeteggeg atcegegggg ccagatcegge 540
aaccggetgyg cggtggacat geacctgete accgtegagg cggacgcgat ccagaacctg 600
ctctactgca tcaagegetyg cgacctegaa ctegegggga tegectecte ggectatgte 660
tcgggegtet cgtegetegt cgaggacgag caggagetgg gggecgectyg catcgacatg 720
ggeggeggty ccacgggect gtcgatctte atcaagaage acatgatctt cgeggatteg 780
gtgcggatgg geggegacca tgtgaccteg gacatttcca agggectgea ggtgecgett 840

gecaccgecyg agaagatcaa gacgcggcac ggceggegteg tggecaccgyg catggacgac 900
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cgcgagatga tcgacategg cgecggacace ggegactggg acaaggaccg ccgcaccegte 960
agcegggecg agctgategg catcatgegt cegegegteg aggagatcect cgaagaggeg 1020
cgegegegte tcgatgcgge cggtttegag catctgcecga geccagcagat cgtcatcacce 1080
gggggeggca gcecagatcee gggtctegac ggtctegegg cecggatcect cggecagegyg 1140
gtcegtetgg ggegeceget gegegttcag ggectgecge agcaggtete cgggecggge 1200
ttectectegg cegtgggget ctgectettt gecggcccate cgcaggacga atggtgggat 1260
ttcgacattc cggcagagceg ctatcccgce cggtcecccetge ggagggccat caaatggtte 1320
aaggacaact ggtaa 1335

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 72
H: 444
PRT

ISM: Rhodobacter

<400> SEQUENCE: 72

Met Thr Asp
1

Ala Ala Met
Lys Ile Thr
35

Glu His Asp
50

Ile Gly Ala

Ser Val Met

Ala Gln Lys

Ala Gly Ala
115

Gln Asp Ser
130

Cys Asp Val
145

Pro Val Asn

Gly Gln Ile

Glu Ala Asp
195

Leu Glu Leu
210

Ser Leu Val
225

Gly Gly Gly

Phe Ala Asp

Ser Lys Gly

275

Arg His Gly

Leu Tyr Gln Ser Gln

Gln Arg Gly Val Ile

20

Cys Leu Ile Leu Arg

40

Gly Val Gly Pro Met

55

Ala Thr Thr Arg Ser

70

Asn Glu Thr Glu Arg

85

Met Ala Asn Val Arg

100

Asp Pro Arg Ser Tyr

120

Val Val Thr Glu Gln

135

Pro Asp Phe Gly Gln
150

Phe Ala Leu Asp His

165

Gly Asn Arg Leu Ala

180

Ala Ile Gln Asn Leu

200

Ala Gly Ile Ala Ser

215

Glu Asp Glu Gln Glu
230

Ala Thr Gly Leu Ser

245

Ser Val Arg Met Gly

260

Leu Gln Val Pro Leu

280

Gly Val Val Ala Thr

Arg

Ala

25

Phe

Ala

Arg

Ala

Val

105

Gly

Asp

Gly

Arg

Val

185

Leu

Ser

Leu

Ile

Gly
265

Ala

Gly

sphaeroides

Ala

Ile

Asp

Gly

Gly

Ile

90

Asp

Leu

Val

Arg

Thr

170

Asp

Tyr

Ala

Gly

Phe
250
Asp

Thr

Met

Met

Leu

Gly

Gln

Val

75

Arg

His

Ala

Ala

Glu

155

Gly

Met

Cys

Tyr

Ala

235

Ile

His

Ala

Asp

Arg Asn Met
Asp Val Gly
30

Pro Asp Arg
45

Ser Ser Phe
60

His Phe Gly

Thr Ala Val

Val Ile Ala

110

Gly Glu Trp
125

Arg Val Met
140

Val Leu His

Leu Gly Asp

His Leu Leu
190

Ile Lys Arg
205

Val Ser Gly
220

Ala Cys Ile

Lys Lys His

Val Thr Ser

270

Glu Lys Ile
285

Asp Arg Glu

Arg Arg

Ser Ser

Leu Arg

Arg Val

Glu Ile

Gln Ala

95

Cys Phe

Glu Leu

Ala Ala

Ala Gln

160

Pro Arg
175

Thr Val

Cys Asp

Val Ser

Asp Met
240

Met Ile
255
Asp Ile

Lys Thr

Met Ile
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290 295 300

Asp Ile Gly Ala Asp Thr Gly Asp Trp Asp Lys Asp Arg Arg Thr Val
305 310 315 320

Ser Arg Ala Glu Leu Ile Gly Ile Met Arg Pro Arg Val Glu Glu Ile
325 330 335

Leu Glu Glu Ala Arg Ala Arg Leu Asp Ala Ala Gly Phe Glu His Leu
340 345 350

Pro Ser Gln Gln Ile Val Ile Thr Gly Gly Gly Ser Gln Ile Pro Gly
355 360 365

Leu Asp Gly Leu Ala Ala Arg Ile Leu Gly Gln Arg Val Arg Leu Gly
370 375 380

Arg Pro Leu Arg Val Gln Gly Leu Pro Gln Gln Val Ser Gly Pro Gly
385 390 395 400

Phe Ser Ser Ala Val Gly Leu Cys Leu Phe Ala Ala His Pro Gln Asp
405 410 415

Glu Trp Trp Asp Phe Asp Ile Pro Ala Glu Arg Tyr Pro Ala Arg Ser
420 425 430

Leu Arg Arg Ala Ile Lys Trp Phe Lys Asp Asn Trp
435 440

<210> SEQ ID NO 73

<211> LENGTH: 1212

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 73

atgacggcte tgaccagcac gecgcggecag caggatctge cgegetattt ctcegeaggtg 60
ttecgacgtga tgcagggact gcgccacggt cggetcegact tegtgctega cgacgggcegyg 120

cgectteeggyg tegaggggca ggggcegggg ccggtegeeg aactcgacat tcatgatgeg 180

gatctetteg ccegtetgat cegegaggge gacctegget tetgegagge ctatctegac 240
ggeggetggt cgacgccgga cctgcaggece ttcatggate tgatccatge cgacaatgac 300
gatgtctatg acggctttee cggtcagggyg ctgctgegeg cctacgagaa cctgegecac 360
tggctgegeg gcaactcgaa geggcaggece cgecgcaaca tegeggecca ttacgaccte 420
ggcaacgact tctacgccct ctggctcgac gagagcatga cctattecte ggegetette 480

cggaccggge aggagagect cgaggaggeg cagegggega aatatgecag catggtcgac 540
cggateggeg cgcageccgg cgagcatgtg ctggagateg getgeggttyg gggeggette 600
gecgaatatyg cggcgcegega gegggggcetyg cgggtgacgg gectcaccat cagecaggeg 660

cagcacgatt atgcggtecga geggategeg cgggegggece tgteggacceg ggtcgagate 720

cggettecagg actaccgega cgagegggge agettegacg geatcgecte gatcgagatg 780
ttcgaggegyg tgggcgagaa atactggecg gtetatttece agaccetgeg cgageggetg 840
aagcccggge gcaatgecac getgcagate atcaccgtge aggacaagag gtgggaggte 900
taccggeggyg gggtggattt cattcagaag tacatcttec ceggegggat getgeccteg 960

cccaccgege teegggtega ggtggegaag geggggetge atgtaacgga cteggtcegag 1020

ttcggcgaga gctattccat gacgcetgcege cgctggcacg agaccttcaa cgaccgctgg 1080

gaccgggtgg cggegetggg cttegacgag aggttccgec gcatgtggaa cttcetatcete 1140

acctcttgeg caggctcatt cgacggcgga aactgcgacg tgacgcagat caccgtaacg 1200

cgggcegegt aa 1212
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<210> SEQ ID NO 74

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Phe

Asp

Pro

Arg

65

Gly

Ala

Arg

Gln

Tyr

145

Arg

Ser

Ile

Gly

Ala

225

Arg

Ser

Phe

Gln

305

Pro

Asp

Asp

Thr

Ser

Phe

Gly

50

Leu

Gly

Asp

Ala

Ala

130

Ala

Thr

Met

Gly

Leu

210

Val

Leu

Ile

Gln

Ile

290

Asp

Thr

Ser

Glu

Glu
370

Ala

Gln

Val

35

Pro

Ile

Trp

Asn

Tyr

115

Arg

Leu

Gly

Val

Cys

195

Arg

Glu

Gln

Glu

Thr

275

Ile

Phe

Ala

Val

Thr
355

Arg

Leu

Val

Leu

Val

Arg

Ser

Asp

100

Glu

Arg

Trp

Gln

Asp

180

Gly

Val

Arg

Asp

Met

260

Leu

Thr

Ile

Leu

Glu
340

Phe

Phe

403

Rhodobacter

74

Thr

Phe

Asp

Ala

Glu

Thr

85

Asp

Asn

Asn

Leu

Glu

165

Arg

Trp

Thr

Ile

Tyr

245

Phe

Arg

Val

Gln

Arg

325

Phe

Asn

Arg

Ser

Asp

Asp

Glu

Gly

70

Pro

Val

Leu

Ile

Asp

150

Ser

Ile

Gly

Gly

Ala

230

Arg

Glu

Glu

Gln

Lys

310

Val

Gly

Asp

Arg

Thr

Val

Gly

Leu

55

Asp

Asp

Tyr

Arg

Ala

135

Glu

Leu

Gly

Gly

Leu

215

Arg

Asp

Ala

Arg

Asp

295

Tyr

Glu

Glu

Arg

Met
375

sphaeroides

Arg

Met

Arg

40

Asp

Leu

Leu

Asp

His

120

Ala

Ser

Glu

Ala

Phe

200

Thr

Ala

Glu

Val

Leu

280

Lys

Ile

Val

Ser

Trp
360

Trp

Gly

Gln

25

Arg

Ile

Gly

Gln

Gly

105

Trp

His

Met

Glu

Gln

185

Ala

Ile

Gly

Arg

Gly

265

Lys

Arg

Phe

Ala

Tyr
345

Asp

Asn

Gln

10

Gly

Phe

His

Phe

Ala

Phe

Leu

Tyr

Thr

Ala

170

Pro

Glu

Ser

Leu

Gly

250

Glu

Pro

Trp

Pro

Lys
330
Ser

Arg

Phe

Gln

Leu

Arg

Asp

Cys

75

Phe

Pro

Arg

Asp

Tyr

155

Gln

Gly

Tyr

Gln

Ser

235

Ser

Lys

Gly

Glu

Gly

315

Ala

Met

Val

Tyr

Asp

Arg

Val

Ala

60

Glu

Met

Gly

Gly

Leu

140

Ser

Arg

Glu

Ala

Ala

220

Asp

Phe

Tyr

Arg

Val

300

Gly

Gly

Thr

Ala

Leu
380

Leu

His

Glu

45

Asp

Ala

Asp

Gln

Asn

125

Gly

Ser

Ala

His

Ala

205

Gln

Arg

Asp

Trp

Asn

285

Tyr

Met

Leu

Leu

Ala
365

Thr

Pro

Gly

Gly

Leu

Tyr

Leu

Gly

110

Ser

Asn

Ala

Lys

Val

190

Arg

His

Val

Gly

Pro

270

Ala

Arg

Leu

His

Arg

350

Leu

Ser

Arg

15

Arg

Gln

Phe

Leu

Ile

Leu

Lys

Asp

Leu

Tyr

175

Leu

Glu

Asp

Glu

Ile

255

Val

Thr

Arg

Pro

Val
335
Arg

Gly

Cys

Tyr

Leu

Gly

Ala

Asp

80

His

Leu

Arg

Phe

Phe

160

Ala

Glu

Arg

Tyr

Ile

240

Ala

Tyr

Leu

Gly

Ser

320

Thr

Trp

Phe

Ala
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-continued

170

Gly Ser Phe Asp Gly Gly Asn Cys Asp Val Thr Gln Ile Thr Val Thr

385 390 395
Arg Ala Ala

<210> SEQ ID NO 75

<211> LENGTH: 2202

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 75

atgaccgatt tcaccageceg gaccgacgeg gacggggtet
ccgggcaagt cgatgaacgt catgtegatg gegggatttg
gecgeggege teggegatee gtetgtcaag ggcegtgatcee
tttgcegegy ggatggatct caatgtcate geccgeatga
ceggeceggy cegtgttega gggegtgatyg gagatgeatg
cgegegggea tggatccgaa gacgetgaag gggggcaage
ggcaccgece tgggectggg getegagetyg cegetggect
gacaatccca aggccaagat cggectgece gagatcatgg
ggcggcacga cgeggctegt cegcaggete ggcegecatga
gagggcaagce tgaacgatcc caagggcgec aaggccatgg
ceggecgate agetgetecoe gegggcegaag gaatgggtge
ctggtgaage cgtgggacge caagggctac aagatgectg
gegggettea tgaccttegt cggegecteg gecatggtga
tatccggegyg ccaagggect getegeegeg gtetacgagg
accgegetga agatcgagge gegetggtte acccatgtge
gegatgatce ggtcegetett catcaacaag gaggcegetgg
gecctgeceyg accagteggt ceggaagcetyg ggcegtgateg
ggcatcgece atgtegegge caatgeggge atcgaggteg
gaggcggeeg accgeggcaa gtcccatteg gaaggtcetec
ggcaaggtct cggccgagaa gaaggccgag gtgctgggec
tatgcggece tctegggetg cgatctgate gtegaggegg
aaggccgagyg tcactcagaa ggtcgaggee geggteggge
aacacctcga ccctgecgat cteggggttyg gecaaggega
atcggcatce atttettete gecegtggac aagatgatge
aaggccaccyg gcgaccgege cgtggecaag gegetcegatt
acgcccateg tegtecacga tgegegette ttetacgeca
ctcaacgagyg ggatccgecat ggtggecgaa ggegtggege
gegaagetgg tggggatgec geteggecce cttcagetgg
cteggggtga agatcgecaa ggccacgaag gecgecctgg
geggtggatyg cggtgatctt cecgetggeyg gacgagggge
gegggettet atgectacga cgcegecgge aagcegcegaag
gaccgetgge cgcaggcecga ggcegcagcece gagcettgeeg

ttcegegecagyg tgctegagge ggtgegegeg ctegaggagg

gcaccatcac

ccgagetega

tcacctegygy

aggaggaagyg

cegtectgeg

ccatcgtgge

gccaccgeat

tggggatctt

tggecggetee

gtgtcgtega

tcggegegaa

gceggegegcec

cgggcaagac

gegegetegt

tgatgaatcc

agaagggcgc

gggcgggeat

tgctgatcga

tcgacaaggyg

ggatcgeege

tgttcgagga

ccgactgtat

gecegegatece

tggtcgagat

tcgtgegeca

accgctgeat

cegegetgat

tggacgaaac

gegaggecta

ggCthgCCg

gtctetggee

aggtgcagca

gegtgetgac

400

ctgggacgtg

cgggctgate

caagaaggac

cggcgacgat

ccggatcgag

ggcectgece

catcgeggec

cececeggegge

cctectecte

cgaggtggtg

ggacgcggat

ctaccatceg

gatgggcgtc

geccttegac

ctecctegteg

cgtecgeect

gatgggcgeg

cgcgacgcag

gatgaagcgg

caccaccgac

tccegeggty

cttegeaace

ggcgcagtte

catccgegge

gatccgcaag

catcccectac

cgagaatgeg

ctcgatcgac

tcceggacgeyg

caaggcgggc

gggectegee

ceggettete

cgacatcege

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980
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-continued

172

dagggcegacyg

agctggeteg

cgtcacggea

agcttectacyg

tgggcgecat
acatgatcgg
geegettege

ccegettege

<210> SEQ ID NO 76

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1
Thr

Phe

Met

65

Pro

Arg

Lys

Glu

Ala

145

Gly

Pro

Met

Ala

Trp

225

Ala

Thr

Glu

Trp

Ser
305

Ala

Thr

Trp

Ala

Lys

50

Asp

Ala

Arg

Pro

Leu

130

Lys

Gly

Leu

Gly

Lys

210

Asp

Gly

Met

Gly

Phe
290

Leu

Leu

Asp

Asp

Glu

35

Gly

Leu

Arg

Ile

Ile

115

Pro

Ile

Thr

Leu

Val

195

Glu

Ala

Phe

Gly

Ala
275
Thr

Phe

Pro

Phe

Val

20

Leu

Val

Asn

Ala

Glu

100

Val

Leu

Gly

Thr

Leu

180

Val

Trp

Lys

Met

Val

260

Leu

His

Ile

Asp

733

Rhodobacter

76

Thr

Pro

Asp

Ile

Val

Val

85

Arg

Ala

Ala

Leu

Arg

165

Glu

Asp

Val

Gly

Thr

245

Tyr

Val

Val

Asn

Gln
325

Ser

Gly

Gly

Leu

Ile

70

Phe

Ala

Ala

Cys

Pro

150

Leu

Gly

Glu

Leu

Tyr

230

Phe

Pro

Pro

Leu

Lys
310

Ser

Arg

Lys

Leu

Thr

55

Ala

Glu

Gly

Leu

His

135

Glu

Val

Lys

Val

Gly

215

Lys

Val

Ala

Phe

Met
295

Glu

Val

cgegeegage

accgcaggec

tcteggetgy ggcttegege

geggtggaga

geegeegaag ctgetggteg

cgegeggect

sphaeroides

Thr

Ser

Ile

Ser

Arg

Gly

Met

Pro

120

Arg

Ile

Arg

Leu

Val

200

Ala

Met

Gly

Ala

Asp
280
Asn

Ala

Arg

Asp

Met

25

Ala

Gly

Met

Val

Asp

105

Gly

Ile

Met

Arg

Asn

185

Pro

Lys

Pro

Ala

Lys

265

Thr

Pro

Leu

Lys

Ala

10

Asn

Ala

Lys

Lys

Met

90

Pro

Thr

Ile

Val

Leu

170

Asp

Ala

Asp

Gly

Ser

250

Gly

Ala

Ser

Glu

Leu
330

Asp

Val

Ala

Lys

Glu

75

Glu

Lys

Ala

Ala

Gly

155

Gly

Pro

Asp

Ala

Gly

235

Ala

Leu

Leu

Ser

Lys
315

Gly

cectggteggyg cggecegtte

tctgcgaggg gctggccgag

agatggccgyg caagggegag

ga

Gly

Met

Leu

Asp

60

Glu

Met

Thr

Leu

Ala

140

Ile

Ala

Lys

Gln

Asp

220

Ala

Met

Leu

Lys

Ser
300

Gly

Val

Val

Ser

Gly

Phe

Gly

His

Leu

Gly

125

Asp

Phe

Met

Gly

Leu

205

Leu

Pro

Val

Ala

Ile
285
Ala

Ala

Ile

Cys

Met

30

Asp

Ala

Gly

Ala

Lys

110

Leu

Asn

Pro

Met

Ala

190

Leu

Val

Tyr

Thr

Ala

270

Glu

Met

Val

Gly

Thr

15

Ala

Pro

Ala

Asp

Val

95

Gly

Gly

Pro

Gly

Ala

175

Lys

Pro

Lys

His

Gly

255

Val

Ala

Ile

Arg

Ala
335

Ile

Gly

Ser

Gly

Asp

80

Leu

Gly

Leu

Lys

Gly

160

Ala

Ala

Arg

Pro

Pro

240

Lys

Tyr

Arg

Arg

Pro
320

Gly

2040

2100

2160

2202
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173

-continued

174

Met

Ala

385

Tyr

Asp

Gly

Gly

Phe

465

Lys

Gln

Ala

Ala

Gly

545

Leu

Tyr

Gly

Ala

Gln

625

Phe

Thr

Ala

Pro

Arg

705

Ser

Met

Val

Ser

370

Glu

Ala

Pro

Pro

Leu

450

Phe

Ala

Ile

Asn

Glu

530

Met

Gly

Pro

Arg

Gly

610

Ala

Ala

Asp

Pro

Arg
690

Phe

Phe

Gly

Leu

355

Glu

Lys

Ala

Ala

Asp

435

Ala

Ser

Thr

Arg

Arg

515

Gly

Pro

Val

Asp

Leu

595

Lys

Glu

Gln

Ile

Trp

675

Ala

Ala

Tyr

Ala

340

Ile

Gly

Lys

Leu

Val

420

Cys

Lys

Pro

Gly

Lys

500

Cys

Val

Leu

Lys

Ala

580

Gly

Arg

Ala

Val

Arg

660

Ser

Val

Pro

Ala

Gly

Asp

Leu

Ala

Ser

405

Lys

Ile

Ala

Val

Asp

485

Thr

Ile

Ala

Gly

Ile

565

Ala

Arg

Glu

Gln

Leu

645

Glu

Gly

Glu

Pro

Arg
725

<210> SEQ ID NO 77

<211> LENGTH:

1212

Ile

Ala

Leu

Glu

390

Gly

Ala

Phe

Ser

Asp

470

Arg

Pro

Ile

Pro

Pro

550

Ala

Val

Lys

Gly

Pro

630

Glu

Gly

Gly

Ile

Lys
710

Phe

Ala His Val Ala Ala Asn Ala Gly Ile
345 350

Thr Gln Glu Ala Ala Asp Arg Gly Lys
360 365

Asp Lys Gly Met Lys Arg Gly Lys Val
375 380

Val Leu Gly Arg Ile Ala Ala Thr Thr
395

Cys Asp Leu Ile Val Glu Ala Val Phe
410 415

Glu Val Thr Gln Lys Val Glu Ala Ala
425 430

Ala Thr Asn Thr Ser Thr Leu Pro Ile
440 445

Arg Asp Pro Ala Gln Phe Ile Gly Ile
455 460

Lys Met Met Leu Val Glu Ile Ile Arg
475

Ala Val Ala Lys Ala Leu Asp Phe Val
490 495

Ile Val Val His Asp Ala Arg Phe Phe
505 510

Pro Tyr Leu Asn Glu Gly Ile Arg Met
520 525

Ala Leu Ile Glu Asn Ala Ala Lys Leu
535 540

Leu Gln Leu Val Asp Glu Thr Ser Ile
555

Lys Ala Thr Lys Ala Ala Leu Gly Glu
570 575

Asp Ala Val Ile Phe Pro Leu Ala Asp
585 590

Ala Gly Ala Gly Phe Tyr Ala Tyr Asp
600 605

Leu Trp Pro Gly Leu Ala Asp Arg Trp
615 620

Glu Leu Ala Glu Val Gln His Arg Leu
635

Ala Val Arg Ala Leu Glu Glu Gly Val
650 655

Asp Val Gly Ala Ile Leu Gly Trp Gly
665 670

Pro Phe Ser Trp Leu Asp Met Ile Gly
680 685

Cys Glu Gly Leu Ala Glu Arg His Gly
695 700

Leu Leu Val Glu Met Ala Gly Lys Gly
715

Ala Pro Gln Ala Arg Ala Ala
730

Glu

Ser

Ser

Asp

400

Glu

Val

Ser

His

Gly

480

Arg

Tyr

Val

Val

Asp

560

Ala

Glu

Ala

Pro

Leu

640

Leu

Phe

Ala

Ser

Glu
720
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-continued
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 77
atgacggaag cctatatcta cgacgcectg cgcaccceege geggcaaggyg ccggeccgac 60

ggcgegetge atgaggtgac cteggtegeg ctgteggega aggtgctgaa cgeggtcaag 120
gagcgcaace atctegacgg cgcegeggte gaggatgtga tetggggcaa tgecacgeag 180
gtgggcgaac agggceggcetg cctegegege teggeggtge tgetcetegga tetegacgag 240
tcgatccceg gectetegat caaccgette tgtgcaageg ggatggagge ggtgaaccte 300
gecgegaace aagtgcegege cggggeggge gaggcectata tegegggegyg cgtegagatg 360
atgagccgeg tcgecatggg cteggacggg geggeggtgg cggeggacce ttetcetegece 420
atgaagacct atttegtgee geagggeate teggecgaca tcatcgegac ccgctacgge 480
ttcagcegeg acgaggecga tgcgetggeg gtggaaagece agaagegege cgecgeggec 540

tgggcegagyg gecgettege ceggteggte gtgeeggtge gegaccagaa cggcegtgacg 600

atcctegage gcgacgaata tctgeggece aacaccgaca tgcagteget gggegegetg 660
aagcccgect tcaaggagat gggcgaacag atgeeggget tegacaaget cgegetgatg 720
aaatatcceg agctggageg ggtcgageat atccaccacg ceggcaatte ctegggeate 780

gtggacgggyg cggcggccegt gctgatcgge agccegtgect teggcgagge ccatggectg 840
cgecegegeg cgcgeatcceg cgccaccgeg aagatcggea ccgaccctac gatcatgetg 900
acgggtcegg tgceggtgac ccagaagatce ctgegcegagyg cegggatgca gatctcggac 960
atcgatctcet tcgaggtgaa cgaggcctte gcggecggteg tgctgegcett ccagcaggcece 1020
tteggegtgg atccegegeg cgtgaacceg aacggceggeyg ccatcgecat gggecacccg 1080
ctgggegega ccggegecat catcategge acgetcecteg acgaactcega gcgcaccgac 1140
cgcteggtgg gectegcecac getcectgegtg gectegggca tgggcgcecge caccatcatce 1200
gaacgcgtet ga 1212
<210> SEQ ID NO 78

<211> LENGTH: 403

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 78

Met Thr Glu Ala Tyr Ile Tyr Asp Ala Leu Arg Thr Pro Arg Gly Lys
1 5 10 15

Gly Arg Pro Asp Gly Ala Leu His Glu Val Thr Ser Val Ala Leu Ser
20 25 30

Ala Lys Val Leu Asn Ala Val Lys Glu Arg Asn His Leu Asp Gly Ala
35 40 45

Ala Val Glu Asp Val Ile Trp Gly Asn Ala Thr Gln Val Gly Glu Gln
50 55 60

Gly Gly Cys Leu Ala Arg Ser Ala Val Leu Leu Ser Asp Leu Asp Glu
65 70 75 80

Ser Ile Pro Gly Leu Ser Ile Asn Arg Phe Cys Ala Ser Gly Met Glu
85 90 95

Ala Val Asn Leu Ala Ala Asn Gln Val Arg Ala Gly Ala Gly Glu Ala
100 105 110

Tyr Ile Ala Gly Gly Val Glu Met Met Ser Arg Val Ala Met Gly Ser
115 120 125
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178

Asp Gly Ala
130

Phe Val Pro
145

Phe Ser Arg

Ala Ala Ala

Val Arg Asp

195

Arg Pro Asn
210

Lys Glu Met
225

Lys Tyr Pro

Ser Ser Gly

Ala Phe Gly

275

Thr Ala Lys
290

Pro Val Thr
305

Ile Asp Leu

Phe Gln Gln

Gly Ala Ile

355

Ile Gly Thr
370

Leu Ala Thr
385

Glu Arg Val
<210> SEQ I

<211> LENGT.
<212> TYPE:

Ala Val Ala Ala Asp

135

Gln Gly Ile Ser Ala
150

Asp Glu Ala Asp Ala

165

Ala Trp Ala Glu Gly

180

Gln Asn Gly Val Thr

200

Thr Asp Met Gln Ser

215

Gly Glu Gln Met Pro
230

Glu Leu Glu Arg Val

245

Ile Val Asp Gly Ala

260

Glu Ala His Gly Leu

280

Ile Gly Thr Asp Pro

295

Gln Lys Ile Leu Arg
310

Phe Glu Val Asn Glu

325

Ala Phe Gly Val Asp

340

Ala Met Gly His Pro

360

Leu Leu Asp Glu Leu

375

Leu Cys Val Ala Ser
390

D NO 79
H: 2316
DNA

Pro Ser Leu
Asp Ile Ile
155

Leu Ala Val
170

Arg Phe Ala
185

Ile Leu Glu

Leu Gly Ala

Gly Phe Asp

235

Glu His Ile
250

Ala Ala Val
265

Arg Pro Arg

Thr Ile Met

Glu Ala Gly

315

Ala Phe Ala
330

Pro Ala Arg
345

Leu Gly Ala

Glu Arg Thr

Gly Met Gly
395

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 79

gtgccatett

gecegecgte

gacgcctege

gtcgacttca

gtgccgacgg

ggccggaccg

aatgcegect

gegecatggeg

gagcatcatg

tttcgaccac

atgaactcge

gegtcatgaa

tcgacgatga

cecgectteca

aggtcacggg

atttcctgea

tggcgaagga

agaccccgaa

tctegageaa

cacgctegag

ggcetgeteyg

tctgtecace

gegegtgate

cgccaacgty

ggagcaggac

ccegtectat

ggctgaagcet

gccatccacy

cacctgttge

gtcgaccteyg

ctcegtgacct

cagcgegeceg

ctcgtegeca

atgacccget

ggcgagccgce

ggtgaggcga

Ala Met Lys
140

Ala Thr Arg

Glu Ser Gln

Arg Ser Val

190

Arg Asp Glu
205

Leu Lys Pro
220

Lys Leu Ala

His His Ala

Leu Ile Gly

270

Ala Arg Ile
285

Leu Thr Gly
300

Met Gln Ile

Ala Val Val

Val Asn Pro
350

Thr Gly Ala
365

Asp Arg Ser
380

Ala Ala Thr

gegetetgge
ttgcgetgat
acgagttgeg
ctgtcgaggg
ccatccatgt
tcttegecga
acgacgcggt
geceggteac

aggagtctge

Thr Tyr
Tyr Gly
160

Lys Arg
175

Val Pro

Tyr Leu

Ala Phe

Leu Met
240

Gly Asn
255

Ser Arg

Arg Ala

Pro Val

Ser Asp
320

Leu Arg
335

Asn Gly

Ile Ile

Val Gly

Ile Ile
400

gettgegaat
cgacgagecc
caagacgcete
ctcegaggece
gcaatcctee
acgggagtcg
caacttcatc
cggegeggaa

gttgtcgaaa

60

120

180

240

300

360

420

480

540
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180

-continued
tattgegttyg acctgaacgt caaggcccge aagggcgacyg tcegacccget catcggecge 600
gagcacgagyg tcgaacgctg cattcaggtt ctetgecgece ggcggaagaa caacccgetce 660
ctggtgggeg accegggegt gggcaagacyg gecatcegeceyg aagggctege gcegcaagate 720
gtcaacggeyg agacgcccga catcctegece cgegcecacga tcettceteget cgacatggge 780
gegetgeteyg ceggcacceg ctaccgegge gatttegagg ageggctgaa ggecgtggte 840
aaggagatgg aggatcaccc cgacgcgatce ctettcateg acgagatcca caccgtgate 900
ggegecggeyg ccaccteggg cggegegatg gatgectega acctgctcaa geccgegetyg 960
cagggcggca agctgcgetg catgggctceg accacctaca aggaatatcg tcagcattte 1020
gagaaggacc gcgegetcag ccgecggtte cagaagatceyg acgtgaacga geccteggte 1080
gaggatacgg tcaagatcct gatgggcctc aagccctatt tcgaggagca tcacgacctg 1140
cgctacacge aggacgcgat ccggaccgeg gtggaactgt cegegegeta catccatgac 1200
cgcaagcetge cggacaaggce gatcgacgtg atcgacgagg ceggcgegge ccagcacctg 1260
ctggecgaca gcaageggceg caagactatce ggtccegegtyg agatcgagge ggtggtggece 1320
aagatcgcce gcatcccccoe gaagagegte tcegaaggacyg atgecgaagt gctgegegac 1380
ctcgagaaga ccctcaageg ggtggtgtte ggtcaggacce gggccatcga ggccctgtcece 1440
teggecatca agetggegeg cgccggectyg cgegagecceyg agaagccgat cggcaactat 1500
ctettegegyg geccgacegg cgtcggecaag accgaggtgyg cgaagcaget ggcaagcate 1560
ctecggegtgg aactgctgeg cttcecgacatg tcggaatata tggagaagca cgccgtcetcece 1620
cgactgatcg gecgcgcectee gggttacgte ggettcgatce agggtgggat getgaccgat 1680
ggcgtggace agcatccgca ttgegtgetg ctgctegacyg agatcgagaa ggceccacceceyg 1740
gatgtctaca acatcctgct gcaggtgatg gaccacggga aactcaccga ccacaacggce 1800
cggtcggteg atttccgcaa cgtgatcctg atcatgacct cgaacgcagg cgcggccgag 1860
ctggccaagt ccgcegategg cttceggacge gaccggcegeg agggcgagga tacggecgece 1920
atcgagcegga ccttcacgec cgagttecge aaccgteteg atgcagtcat ctecttegeg 1980
ccecteggca aggagatcat cctgcaggtg gtcgagaagt tcecgtectceca getcgaggcece 2040
cagctcatgg accgtggegt gcatatcgag ctetecgecegg aagcggcggce ctggceteggce 2100
gacaagggct acgacgacaa gatgggagcg cgcccgetgg gecgcegtgat ccaggagaac 2160
atcaagaagc cgctggccga ggaactcecctg tteggcegge tggtgaaggg cggcgtegtg 2220
aaggtcggeg tgaaggacga tacgatcgac ctgcagateg aggaaccgaa gccgegecte 2280
accgggtecca agccgccget tcetgacggcee gactga 2316
<210> SEQ ID NO 80
<211> LENGTH: 771
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 80

Met Pro Ser Phe Ser

1

Ala Leu Ala Asn Ala

Leu Leu Ala Leu Ile

35

Cys Ser Val Asp Leu

50

5

20

Thr Thr Leu

Arg Arg His

Asp Glu Pro

40

Asp Glu Leu

55

Glu Gln Ala
10

Glu Leu Ala
25

Asp Ala Ser

Arg Lys Thr

Ile His Gly Ala Leu

15

Thr Leu Glu His Leu

30

Arg Val Met Lys Ala

45

Leu Val Asp Phe Ile

60
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181

-continued

182

Ala

Gln

Ala

145

Glu

Ala

Asp

Gln

Pro

225

Leu

Glu

Ala

Thr

305

Gln

Arg

Ile

Gly

Asp

385

Arg

Ala

Arg

Ser

Leu
465

Asp

Pro

Gln

Ile

Asp

130

Lys

His

Leu

Val

Val

210

Gly

Asn

Asp

Glu

Ile

290

Ser

Gly

Gln

Asp

Leu

370

Ala

Lys

Gln

Glu

Val
450

Lys

Asp

Thr

Ser

Phe

115

Met

Asp

His

Ser

Asp

195

Leu

Val

Gly

Met

Arg

275

Leu

Gly

Gly

His

Val

355

Lys

Ile

Leu

His

Ile
435

Ser

Arg

Leu

Ala

Ser

100

Ala

Thr

Pro

Glu

Lys

180

Pro

Cys

Gly

Glu

Gly

260

Leu

Phe

Gly

Lys

Phe

340

Asn

Pro

Arg

Pro

Leu
420
Glu

Lys

Val

Ser

Ala

85

Gly

Glu

Arg

Ser

Thr

165

Tyr

Leu

Arg

Lys

Thr

245

Ala

Lys

Ile

Ala

Leu

325

Glu

Glu

Tyr

Thr

Asp

405

Leu

Ala

Asp

Val

Thr

70

Phe

Arg

Arg

Tyr

Tyr

150

Pro

Cys

Ile

Arg

Thr

230

Pro

Leu

Ala

Asp

Met

310

Arg

Lys

Pro

Phe

Ala

390

Lys

Ala

Val

Asp

Phe
470

Leu Val Thr Ser Val Glu Gly Ser Glu
75

Gln Arg Val Ile Gln Arg Ala Ala Ile
90 95

Thr Glu Val Thr Gly Ala Asn Val Leu
105 110

Glu Ser Asn Ala Ala Tyr Phe Leu Gln
120 125

Asp Ala Val Asn Phe Ile Ala His Gly
135 140

Gly Glu Pro Arg Pro Val Thr Gly Ala
155

Lys Ala Glu Ala Gly Glu Ala Lys Glu
170 175

Val Asp Leu Asn Val Lys Ala Arg Lys
185 190

Gly Arg Glu His Glu Val Glu Arg Cys
200 205

Arg Lys Asn Asn Pro Leu Leu Val Gly
215 220

Ala Ile Ala Glu Gly Leu Ala Arg Lys
235

Asp Ile Leu Ala Arg Ala Thr Ile Phe
250 255

Leu Ala Gly Thr Arg Tyr Arg Gly Asp
265 270

Val Val Lys Glu Met Glu Asp His Pro
280 285

Glu Ile His Thr Val Ile Gly Ala Gly
295 300

Asp Ala Ser Asn Leu Leu Lys Pro Ala
315

Cys Met Gly Ser Thr Thr Tyr Lys Glu
330 335

Asp Arg Ala Leu Ser Arg Arg Phe Gln
345 350

Ser Val Glu Asp Thr Val Lys Ile Leu
360 365

Glu Glu His His Asp Leu Arg Tyr Thr
375 380

Val Glu Leu Ser Ala Arg Tyr Ile His
395

Ala Ile Asp Val Ile Asp Glu Ala Gly
410 415

Asp Ser Lys Arg Arg Lys Thr Ile Gly
425 430

Val Ala Lys Ile Ala Arg Ile Pro Pro
440 445

Ala Glu Val Leu Arg Asp Leu Glu Lys
455 460

Gly Gln Asp Arg Ala Ile Glu Ala Leu
475

Ala

His

Val

Glu

Val

Glu

160

Ser

Gly

Ile

Asp

Ile

240

Ser

Phe

Asp

Ala

Leu

320

Tyr

Lys

Met

Gln

Asp

400

Ala

Pro

Lys

Thr

Ser
480
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184

Ser Ala Ile

Ile Gly Asn

Val Ala Lys

515

Asp Met Ser
530

Ala Pro Pro
545

Gly Val Asp

Lys Ala His

Gly Lys Leu

595

Ile Leu Ile
610

Ala Ile Gly
625

Ile Glu Arg

Ile Ser Phe

Lys Phe Val

675

Ile Glu Leu
690

Asp Asp Lys
705

Ile Lys Lys
Gly Gly Val
Ile Glu Glu

755
Thr Ala Asp

770

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Leu Ala Arg Ala

485

Tyr Leu Phe Ala Gly

500

Gln Leu Ala Ser Ile

520

Glu Tyr Met Glu Lys

535

Gly Tyr Val Gly Phe
550

Gln His Pro His Cys

565

Pro Asp Val Tyr Asn

580

Thr Asp His Asn Gly

600

Met Thr Ser Asn Ala

615

Phe Gly Arg Asp Arg
630

Thr Phe Thr Pro Glu

645

Ala Pro Leu Gly Lys

660

Leu Gln Leu Glu Ala

680

Ser Pro Glu Ala Ala

695

Met Gly Ala Arg Pro
710

Pro Leu Ala Glu Glu

725

Val Lys Val Gly Val

740

Pro Lys Pro Arg Leu

D NO 81
H: 825
DNA

760

Gly

Pro

505

Leu

His

Asp

Val

Ile

585

Arg

Gly

Arg

Phe

Glu

665

Gln

Ala

Leu

Leu

Lys

745

Thr

Leu

490

Thr

Gly

Ala

Gln

Leu

570

Leu

Ser

Ala

Glu

Arg

650

Ile

Leu

Trp

Gly

Leu

730

Asp

Gly

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 81

atggcgaacyg

tccategect

tatcagggeyg

gagatggtgg

aaggaggtct

gagctgcgeg

teggtetatt

gactgctgge

ggggcatcgc

atgcgetgaa

aatgcgacgt

ggggCanCt

geegetatgt

cctteacege

tggcaagegt

gaaatgctge

gaagcgegte

gtcegacgag

cgacttegte

cgacacgacg

cgtetgecag

Arg

Gly

Val

Val

Gly

555

Leu

Leu

Val

Ala

Gly

635

Asn

Ile

Met

Leu

Arg

715

Phe

Asp

Ser

gggctcatca

gecgaccagg

gaaccgetgg

gectegeteg

gtccatgeca

ccegegaact

cgegectgeyg

Glu Pro Glu
Val Gly Lys
510

Glu Leu Leu
525

Ser Arg Leu
540

Gly Met Leu

Leu Asp Glu

Gln Val Met
590

Asp Phe Arg
605

Glu Leu Ala
620

Glu Asp Thr

Arg Leu Asp

Leu Gln Val
670

Asp Arg Gly
685

Gly Asp Lys
700

Val Ile Gln

Gly Arg Leu

Thr Ile Asp
750

Lys Pro Pro
765

tggggctgge
gagccgaget
cecgectegat
accggetett
teggettete
tccgecatgac

ccatgatgee

Lys Pro
495

Thr Glu

Arg Phe

Ile Gly

Thr Asp
560

Ile Glu
575

Asp His

Asn Val

Lys Ser

Ala Ala
640

Ala Val
655

Val Glu

Val His

Gly Tyr

Glu Asn
720

Val Lys
735

Leu Gln

Leu Leu

gaacgacaag
ggcettetee
cggggegacce
cgcgeatcetyg
ggacaagtcce
gatggacatt

¢gegggegygce

60

120

180

240

300

360

420
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186

agccttetea

ggaatcgeca

gacggcatce

atcggegact

gtcacgcagg

acgacgggcyg

gacgcgeccyg

cgctgaccta

aggcecgeget

gegtgaatge

tccgectacat

aagaggtggg

aggtgetgea

acatcgacge

<210> SEQ ID NO 82

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ala

Gln

Arg

Cys

65

Lys

Ser

Asn

Cys

Leu

145

Gly

Asp

Ile

Lys

Glu
225
Thr

Met

Asp

Ala

Asn

Gly

Val

50

Asp

Glu

Asp

Phe

Gln

130

Thr

Ile

Leu

Lys

Trp

210

Val

Thr

Lys

His

Asn

Asp

Ala

35

Glu

Val

Val

Lys

Arg

115

Arg

Tyr

Ala

Gly

Thr

195

Asn

Gly

Gly

Ala

Gly

Lys

20

Glu

Pro

Ser

Trp

Ser

100

Met

Ala

Tyr

Lys

Lys

180

Leu

Glu

Lys

Glu

Val
260

274

Rhodobacter

82

Leu

Ser

Leu

Leu

Asp

Gly

85

Glu

Thr

Cys

Gly

Ala

165

Asp

Ala

Leu

Ala

Val
245

Asp

<210> SEQ ID NO 83

<211> LENGTH:

<212> TYPE: DNA

747

Leu

Ile

Ala

Ala

Glu

70

Thr

Leu

Met

Ala

Ala

150

Ala

Gly

Ala

Asn

Ala
230

Leu

Ala

Ala

Ala

Phe

Ala

55

Ala

Leu

Arg

Asp

Met

135

Glu

Leu

Ile

Ser

Ser

215

Leu

His

Pro

ctacggegec

cgagaccteg

gatcteggee

catgaagtgg

caaggccgeg

tgtggatgcg

cgtgaccgge

gagaaggtga

gtgcagtata

ggcecgatca

aacgagctga

ctctatetge

ggctatcacyg

cgcaaggacc

sphaeroides

Gly

Trp

Ser

40

Ser

Ser

Asp

Gly

Ile

120

Met

Lys

Glu

Arg

Gly

200

Pro

Tyr

Val

Asp

Lys

Gly

25

Tyr

Ile

Leu

Phe

Arg

105

Ser

Pro

Val

Thr

Val

185

Ile

Leu

Leu

Asp

Ile
265

Arg

10

Ile

Gln

Gly

Asp

Val

90

Tyr

Val

Ala

Met

Ser

170

Asn

Gly

Arg

Leu

Ala
250

Asp

Gly

Ala

Gly

Ala

Arg

Val

Val

Tyr

Gly

Pro

155

Val

Ala

Asp

Arg

Ser
235

Gly

Ala

tgccgcacta caatgtgatg

tcgecgagga tctgggcaag

agacgctgge

attcgecget

tgtcggatct

tcgteggeat

actga

Leu

Lys

Asp

Thr

60

Leu

His

Asp

Ser

Gly

140

His

Gln

Ile

Phe

Asn

220

Asp

Tyr

Val

Ile

Cys

Ala

45

Glu

Phe

Ala

Thr

Phe

125

Ser

Tyr

Tyr

Ser

Arg

205

Val

Leu

His

Thr

Met

Cys

30

Leu

Met

Ala

Ile

Thr

110

Thr

Leu

Asn

Ile

Ala

190

Tyr

Thr

Gly

Val

Gly
270

cgccagegge

gegecgcaac

gggtteggge

gaaggccgtg

Gly

15

Ala

Lys

Val

His

Gly

95

Pro

Ala

Leu

Val

Ala

175

Gly

Ile

Gln

Ser

Val
255

Arg

Leu

Asp

Lys

Glu

Leu

80

Phe

Ala

Val

Thr

Met

160

Glu

Pro

Met

Glu

Gly

240

Gly

Lys

480

540

600

660

720

780

825
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-continued
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 83
atgacgaaga cggcggttgt gacgggggcg gcgcgcggga tegggegege getcgeggtg 60

gggctegeag aggcgggcta cgatgtggeyg gtgacggate tggecgegea ggecgacggg 120
ctggeccgaga cgegegeget gatcgaggee gegggecgge gegecttegt cgagacggtg 180

gatgtctegg accgggecge ggtegtegee gegatggege ggatcgagga cgecgeggge 240

gggatcgacyg tgctggtgaa caatgeggge atcctgaage cegegegget cgaggatcte 300
tcggaggecg actgggacge gcatatggac gtgaacgtga agggegtect ctectgetgt 360
caggcggtge tgccgggaat gegegegege aaggegggge ggatcgtcaa catcgectece 420
atcgegggece gtcagggegt gecgacccaa ggecattatg cggegaccaa ggecgecegte 480
attaccctga cgegggtget ggegcaggag gecggcatgg acgggatcac cgtcaatgece 540
atctgccegyg geatcatect gaccgagatg ggcaagaaca accteggete ggacgaggece 600
atccgecact gggaagaggt ggccgegetyg aagegteteg gegegecega agatategtg 660
gggceggtee tgttettege gggegagcag teggectteg tcaccgggca ggegetgaac 720
gtctgcggeg ggatctactt ccattag 747

<210> SEQ ID NO 84

<211> LENGTH: 248

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 84

Met Thr Lys Thr Ala Val Val Thr Gly Ala Ala Arg Gly Ile Gly Arg
1 5 10 15

Ala Leu Ala Val Gly Leu Ala Glu Ala Gly Tyr Asp Val Ala Val Thr
20 25 30

Asp Leu Ala Ala Gln Ala Asp Gly Leu Ala Glu Thr Arg Ala Leu Ile
35 40 45

Glu Ala Ala Gly Arg Arg Ala Phe Val Glu Thr Val Asp Val Ser Asp
Arg Ala Ala Val Val Ala Ala Met Ala Arg Ile Glu Asp Ala Ala Gly
65 70 75 80

Gly Ile Asp Val Leu Val Asn Asn Ala Gly Ile Leu Lys Pro Ala Arg
85 90 95

Leu Glu Asp Leu Ser Glu Ala Asp Trp Asp Ala His Met Asp Val Asn
100 105 110

Val Lys Gly Val Leu Ser Cys Cys Gln Ala Val Leu Pro Gly Met Arg
115 120 125

Ala Arg Lys Ala Gly Arg Ile Val Asn Ile Ala Ser Ile Ala Gly Arg
130 135 140

Gln Gly Val Pro Thr Gln Gly His Tyr Ala Ala Thr Lys Ala Ala Val
145 150 155 160

Ile Thr Leu Thr Arg Val Leu Ala Gln Glu Ala Gly Met Asp Gly Ile
165 170 175

Thr Val Asn Ala Ile Cys Pro Gly Ile Ile Leu Thr Glu Met Gly Lys
180 185 190

Asn Asn Leu Gly Ser Asp Glu Ala Ile Arg His Trp Glu Glu Val Ala
195 200 205

Ala Leu Lys Arg Leu Gly Ala Pro Glu Asp Ile Val Gly Pro Val Leu
210 215 220
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ued

190

Phe Phe Ala Gly Glu Gln Ser Ala Phe Val Thr Gly Gln Ala Leu Asn
225 230

Val Cys Gly Gly Ile Tyr Phe His

245

<210> SEQ ID NO 85
<211> LENGTH: 738
<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 85
atgttcgate tgacgggaaa
ggcatcgege gegegeteca
ggaccgcteg aagagctgge
ctcteggatyg cggeggeegt
gtcgacatce tcgtgaacaa
gacgaggatt gggagcaggt
ggegtgetge geggcatgat
gtgggcegega cgggcaatce
gecatgtega aaagetttge
gegecggget tcatcgegac
attctgggte aggtgecgat
ctctatectgyg ccagtecege
ggcatggcega tgctgtga
<210> SEQ ID NO 86

<211> LENGTH: 245
<212> TYPE: PRT

<213> ORGANISM: Rhodobacter

<400> SEQUENCE: 86

atcggegete

tgcggegggg

ggccgagctg

cgaggcgcetg

tgcgggcatce

gatcgaggtg

gaaggcgcgc

dgggceaggcec

ggccgaggtyg

cgcgatgace

gggccggatg

ggcgggctat

Met Phe Asp Leu Thr Gly Lys Ser

1 5

Gly Ile Gly Gly Gly Ile Ala Arg

20

Val Ala Leu Ser Gly Thr Arg Thr

35

40

Glu Leu Gly Asp Arg Ala His Val

50

Ala Ala Val Glu Ala Leu Pro Lys

65 70

Val Asp Ile Leu Val Asn Asn Ala

85

Met Arg Met Ser Asp Glu Asp Trp

100

Thr Ser Thr Phe Arg Leu Cys Arg

115

120

Ala Arg Trp Gly Arg Ile Val Asn

130

135

Gly Asn Pro Gly Gln Ala Asn Tyr
145 150

235

atcaccggeyg

gecgacggtgg

ggggatcgeg

ccgaagcagg

accecgegate

aacctgacct

tgggggcgga

aattatgceg

gcgageegceyg

gacaagctga

ggcgeccecy

gtgacggggy

Ala

Ala

25

Gly

Leu

Gln

Gly

Glu
105
Gly

Ile

Ala

sphaeroides

Leu

10

Leu

Pro

Ala

Ala

Ile

90

Gln

Val

Thr

Ala

Ile

His

Leu

Cys

Ala

75

Thr

Val

Leu

Ser

Ser
155

cttcgggcgg

cgcteteegy
cccatgtget
cggecgagge
agctcgecat
cgacctteeg
tcgtcaacat
cctegaagge
gcatcaccgt
acgacgagca
acgatatcge

ccacgceteca

Thr Gly Ala
Ala Ala Gly
30

Glu Glu Leu
45

Asn Leu Ser
60

Glu Ala Met

240

catcggegge
cacgcggacyg
cgectgcaac
gatgggcgeg
gegeatgteg
getetgeege
cacctecate
gggcgtegtg
caatgcggty
gaaggegegg
ggcggecgtyg

tgtgaacgge

Ser Gly

15

Ala Thr

Ala Ala

Asp Ala

Gly Ala
80

Arg Asp Gln Leu Ala

Ile Glu Val
110

Arg Gly Met
125

95

Asn Leu

Met Lys

Ile Val Gly Ala Thr

140

Lys Ala Gly Val Val

160

60

120

180

240

300

360

420

480

540

600

660

720

738
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192

Ala Met Ser

Val Asn Ala

Leu Asn Asp
195

Lys Ser Phe Ala Ala

165

Val Ala Pro Gly Phe

180

Glu Gln Lys Ala Arg

200

Arg Met Gly Ala Pro Asp Asp Ile

210

Ser Pro Ala

225

Gly Met Ala

215

Ala Gly Tyr Val Thr
230

Met Leu
245

<210> SEQ ID NO 87
<211> LENGTH: 1263

<212> TYPE:

DNA

Glu Val Ala
170

Ile Ala Thr
185

Ile Leu Gly

Ala Ala Ala

Gly Ala Thr
235

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 87

atgcgtcgag
gagacctgga
acgtccaacyg
accttcaacyg
ctctatgeca
gaggaagacc
atcgcegaca
atccectegyg
ggtccgaace
geceggetga
atctccgaga
aacgagccceg
gagggcegegy
atctatgeeg
tcggaagacyg
gaaccctegyg
gaactcggeyg
accaagtcga
gtgctggeca
gaggcgagga
tcgaattect

tga

tggttgtcac

agcggetget

tgaccacgca

ccgacgactyg

tggCCgngC

getgecegeac

cggeegtget

cgctcatcaa

atgcegtegt

tccagetegy

tcggcatege

aggccgecte

gegtegtegt

aggtgctggg

dggacggegy

cggtegacta

cggtcgagcg

gecatcgggca

tccgegatca

tcgacctege

teggettegy

<210> SEQ ID NO 88
<211> LENGTH: 420

<212> TYPE:

PRT

ggggctggge
ggcegggcag
atatgcctge
gatggagcce
cacgcaggeg
gggcgtgatg
catcaaggaa
cctggecteg
gaccgectge
cgatgecgac
gggcttcaac
geggeectgg
getegaggaa
ctacggtett
ctteegeteg
tatcaacgcc
gettetggge
cectgetggge
ggtggegecyg
acccaaggeg

cggcacgaac

atggtcacge

tCngCgng

gagatccegyg

aaggacaggc

gtgaaggatt

atcggcetegyg

aaggggccga

gggcaggtct

tcgacecggeyg

gtgatgcteg

gectgcaagg

gacgcegace

tatgaacatg

tceggegatyg

atgaccatgg

cacggcacct

gaggceggcgy

getgegggeg

cccacgetga

gegegecege

gegtegetgg

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 88

Ser Arg Gly Ile Thr

Ala Met Thr
190

Gln Val Pro
205

Val Leu Tyr
220

Leu His Val

cgetggegty
gtcegatcca
tgggcgacgg
gcaaggtcga
ceggetggga
gecatcggegg
agcgegtete
cgatcegett
cccatgegat
cgggeggege
cgctetegac
gegacggatt
ccagggegeg
cctaccacat
cgctgaageg
cgaccatgge
cggeggecac
cggtecgagge
acctcgacaa
gcaagatcga

tgctgggacg

175

Asp Lys

Met Gly

Leu Ala

Asn Gly
240

cggegtegag
geggttegac
cagcgacgge
cgatttcatce
gecegcaatee
ccteteggee
gecettette
cggctacaag
cggegacgeg
cgagagccecg
caagcgggygce
cgtgatggge
cggegecaag
caccgececee
cgegggecte
cgacgtgatce
catgtecteg
gatcttetge
cceggecgty
cgtggegeta

ggtcaccteg

Met Arg Arg Val Val Val Thr Gly Leu Gly Met Val Thr Pro Leu Ala

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1263
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-continued

1 5 10 15

Cys Gly Val Glu Glu Thr Trp Lys Arg Leu Leu Ala Gly Gln Ser Gly
20 25 30

Ala Gly Pro Ile Gln Arg Phe Asp Thr Ser Asn Val Thr Thr Gln Tyr
35 40 45

Ala Cys Glu Ile Pro Val Gly Asp Gly Ser Asp Gly Thr Phe Asn Ala
50 55 60

Asp Asp Trp Met Glu Pro Lys Asp Arg Arg Lys Val Asp Asp Phe Ile
Leu Tyr Ala Met Ala Ala Ala Thr Gln Ala Val Lys Asp Ser Gly Trp
85 90 95

Glu Pro Gln Ser Glu Glu Asp Arg Cys Arg Thr Gly Val Met Ile Gly
100 105 110

Ser Gly Ile Gly Gly Leu Ser Ala Ile Ala Asp Thr Ala Val Leu Ile
115 120 125

Lys Glu Lys Gly Pro Lys Arg Val Ser Pro Phe Phe Ile Pro Ser Ala
130 135 140

Leu Ile Asn Leu Ala Ser Gly Gln Val Ser Ile Arg Phe Gly Tyr Lys
145 150 155 160

Gly Pro Asn His Ala Val Val Thr Ala Cys Ser Thr Gly Ala His Ala
165 170 175

Ile Gly Asp Ala Ala Arg Leu Ile Gln Leu Gly Asp Ala Asp Val Met
180 185 190

Leu Ala Gly Gly Ala Glu Ser Pro Ile Ser Glu Ile Gly Ile Ala Gly
195 200 205

Phe Asn Ala Cys Lys Ala Leu Ser Thr Lys Arg Gly Asn Glu Pro Glu
210 215 220

Ala Ala Ser Arg Pro Trp Asp Ala Asp Arg Asp Gly Phe Val Met Gly
225 230 235 240

Glu Gly Ala Gly Val Val Val Leu Glu Glu Tyr Glu His Ala Arg Ala
245 250 255

Arg Gly Ala Lys Ile Tyr Ala Glu Val Leu Gly Tyr Gly Leu Ser Gly
260 265 270

Asp Ala Tyr His Ile Thr Ala Pro Ser Glu Asp Gly Asp Gly Gly Phe
275 280 285

Arg Ser Met Thr Met Ala Leu Lys Arg Ala Gly Leu Glu Pro Ser Ala
290 295 300

Val Asp Tyr Ile Asn Ala His Gly Thr Ser Thr Met Ala Asp Val Ile
305 310 315 320

Glu Leu Gly Ala Val Glu Arg Leu Leu Gly Glu Ala Ala Ala Ala Ala
325 330 335

Thr Met Ser Ser Thr Lys Ser Ser Ile Gly His Leu Leu Gly Ala Ala
340 345 350

Gly Ala Val Glu Ala Ile Phe Cys Val Leu Ala Ile Arg Asp Gln Val
355 360 365

Ala Pro Pro Thr Leu Asn Leu Asp Asn Pro Ala Val Glu Ala Arg Ile
370 375 380

Asp Leu Ala Pro Lys Ala Ala Arg Pro Arg Lys Ile Asp Val Ala Leu
385 390 395 400

Ser Asn Ser Phe Gly Phe Gly Gly Thr Asn Ala Ser Leu Val Leu Gly
405 410 415

Arg Val Thr Ser
420
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196

-continued

<210> SEQ ID NO 89
<211> LENGTH: 780
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 89
atggatctgg gtattegegg tcgccgggea ctggtetgeyg ccetegtcegaa ggggetggge 60
cttggetgtyg cggeggetet ggccgaggece ggtgtcegate tgatgatgaa cgcgegegge 120
geegaggege tcegaggcegge ggccgaggat ctgceggcage ggtteggege gaacgtgacce 180
acggtggegyg cagacatcgt ctcggaagag gggcegggcege gggtgctega ggcecgeggge 240
geggtegaca tectegtgac caacgeggge ggccceccge ceggectetg gteggactgg 300
acgcgegacg atttcatccg ggcgctegat gecaacatge tgacgcccat cgcegetgatg 360
accgegetge tgceggecat gatcgaaage ggetggggece gegtegtcaa catcaccteg 420
cagteggtge gcegecccgat ccecggegete ggectgtega acteggegeyg cacggggcetyg 480
acgggctatg tggegggcac ctcgeggecag gtggcegcage acggtgtcetyg catcaacaac 540
ctgctgeegyg gcatccatga caccgaccgg gecgaggege tcegaccgcaa tgcgatgaag 600
gegeagggea tcacgcgcga agaggceccge gegcageggg cggccageat ceccaccege 660
cactacggcee gggcecgagga tttceggegee gectgegect tectetgete cgageatgeg 720
cgcettecateg tgggecagaa cctgctggte gacggceggeg gcaccaacct cacggtcetga 780
<210> SEQ ID NO 90
<211> LENGTH: 259
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 90
Met Asp Leu Gly Ile Arg Gly Arg Arg Ala Leu Val Cys Ala Ser Ser
1 5 10 15
Lys Gly Leu Gly Leu Gly Cys Ala Ala Ala Leu Ala Glu Ala Gly Val

20 25 30
Asp Leu Met Met Asn Ala Arg Gly Ala Glu Ala Leu Glu Ala Ala Ala

35 40 45
Glu Asp Leu Arg Gln Arg Phe Gly Ala Asn Val Thr Thr Val Ala Ala
50 55 60
Asp Ile Val Ser Glu Glu Gly Arg Ala Arg Val Leu Glu Ala Ala Gly
65 70 75 80
Ala Val Asp Ile Leu Val Thr Asn Ala Gly Gly Pro Pro Pro Gly Leu
85 90 95

Trp Ser Asp Trp Thr Arg Asp Asp Phe Ile Arg Ala Leu Asp Ala Asn

100 105 110
Met Leu Thr Pro Ile Ala Leu Met Thr Ala Leu Leu Pro Ala Met Ile

115 120 125
Glu Ser Gly Trp Gly Arg Val Val Asn Ile Thr Ser Gln Ser Val Arg
130 135 140
Ala Pro Ile Pro Ala Leu Gly Leu Ser Asn Ser Ala Arg Thr Gly Leu
145 150 155 160
Thr Gly Tyr Val Ala Gly Thr Ser Arg Gln Val Ala Gln His Gly Val
165 170 175

Cys Ile Asn Asn Leu Leu Pro Gly Ile His Asp Thr Asp Arg Ala Glu

180 185 190



197

US 11,008,577 B1

-continued

198

Ala

Ala

Ala

225

Arg

Leu

Leu

Arg

210

Glu

Phe

Thr

Asp

195

Ala

Asp

Ile

Val

Arg Asn Ala Met Lys

200

Gln Arg Ala Ala Ser

215

Phe Gly Ala Ala Cys
230

Val Gly Gln Asn Leu

245

<210> SEQ ID NO 91
<211> LENGTH: 1200
<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 91

atgttccacc

gecgectgea

acggccgagyg

atctcctatce

tcgagecgec

aaccctetge

atgacccegyg

accgecateg

getecegete

c¢ggggagaga

gactggaacyg

accgectetyg

gcaggctege

acgceegect

caggectecg

aagaagaaga

dcggacggga

cggcaccecg

ggtgccagcg

gtccattteg

<210>
<211>
<212>
<213>

<400>

Met Phe His Arg Pro Thr Arg

1

Leu Thr Ile Leu Ala Ala Cys

Arg Gly Arg Pro Gly Gly Leu

35

gtcecacgeyg

gcacttcgga

ccgecgegggce

cgacctatca

tcgggetega

gcgecggaga

cgceegteat

ccaccagege

cggecceagt

ccgectatte

ggCthggCC

cgceeaeged

cgacgeecac

cgaaacccge

cctegegget

acgacggcat

cggtggegge

acaacctgcet

tgaagcgegg

aggtccgeaa

SEQ ID NO 92
LENGTH: 399
TYPE:
ORGANISM: Rhodobacter

PRT

SEQUENCE: 92

5

20

cgcaggegec
cctagactgg
ggtcagcgee
ggtggecgtt
tgccacgcag
agtggtegtyg
gacggegece
cctegacegy
gcagtctgee
gatecgegege
ggatctegeyg
cacggtgece
ccegeecteg
aggccagecg
gggattcceyg
cgacatcteg
catcacgcag
gacggtctat
acagcccatce

ggggttcgag

40

Ala

Ile

Ala

Leu

Gln

Pro

Phe

Val
250

Gly

Thr

Leu

235

Asp

ctttgcatga

gacctgegeyg

ccececgececccce

gcccggcagyg

gtcgegaget

ctgeccgeage

dgcgeggcega

gnggCCCtg

gcgacagage

agctacaatg

atccgegagyg

gccaatgtga

geggecaage

gectegeccy

gtgcagggca

geggeegtgg

gacaccgatce

gccaatatceg

geegtggtge

agcgtegatce

25

sphaeroides

10

Ile Thr Arg Glu Glu

205

Arg His Tyr Gly Arg

220

Cys Ser Glu His Ala

240

Gly Gly Gly Thr Asn

cggegacget

gtcegeccegg

gegecgacga

gcgagacggt

acaatgcect

gegtggegge

gcceccggcegyg

ccaccgegec

ctgecegeca

tctegeccaa

gccagtatcet

cegeggteac

cgectgecege

acatgggege

agatcatccg

gcacgeeggt

aggtgccgat

acggcatcaa

gcgeggecga

cgatgeecta

30

45

255

gacgatccte

cgggctcage

cegegggate

cgectegete

ctegeegeag

ggctceegece

catcgacgtyg

ggtggCCgCC

cegtgtgteg

ggegetggeg

gatgatcceg

ggtgcecggyg

cgagtcgace

acagcgcacyg

cggctatgty

dgeggeggcece

cctegtgate

ggtcaccaag

ccegeectte

tcttcagtag

Ala Gly Ala Leu Cys Met Thr Ala Thr

15

Ser Thr Ser Asp Leu Asp Trp Asp Leu

Ser Thr Ala Glu Ala Ala Arg Ala Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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200

Ser

Thr

65

Ser

Leu

Gln

Ala

Thr

145

Ala

Asn

Leu

Pro

225

Ala

Ala

Pro

Phe

Asp

305

Ala

Ile

Ile

Pro

385

Ala

Tyr

Ser

Ser

Arg

Pro

130

Ser

Pro

Arg

Val

Ala

210

Pro

Gly

Glu

Asp

Pro

290

Gly

Asp

Leu

Asp

Ile

370

Arg

Pro

Gln

Arg

Pro

Val

115

Gly

Ala

Ala

Val

Ser

195

Ile

Pro

Ser

Ser

Met

275

Val

Ile

Gly

Val

Gly

355

Ala

Lys

Arg

Val

Leu

Gln

100

Ala

Ala

Leu

Pro

Ser

180

Pro

Arg

Thr

Pro

Thr

260

Gly

Gln

Asp

Thr

Ile

340

Ile

Val

Gly

Pro

Ala

Gly

85

Asn

Ala

Ala

Asp

Ala

165

Arg

Lys

Glu

Val

Thr

245

Thr

Ala

Gly

Ile

Val

325

Arg

Lys

Val

Phe

<210> SEQ ID NO 93

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Rhodobacter

<400> SEQUENCE:

atgacggcag aggcagacgg ggaggatceg gecgaacgea agatgeggtt cctgttegece

gtcegetege ggggegtcac ggatgecege gtgetegeeg ccatggageyg gatcgaccge

ggcgectteg tcegeggecat cttegecgac cgtgectatg aggacatgec getgeccatce

660

93

Arg

Val

70

Leu

Pro

Ala

Ser

Arg

150

Pro

Gly

Ala

Gly

Pro

230

Pro

Pro

Gln

Lys

Ser

310

Ala

His

Val

Arg

Glu
390

Ala

55

Ala

Asp

Leu

Pro

Pro

135

Ala

Val

Glu

Leu

Gln

215

Ala

Thr

Ala

Arg

Ile

295

Ala

Ala

Pro

Thr

Ala

375

Ser

Asp

Arg

Ala

Arg

Ala

120

Gly

Gly

Gln

Thr

Ala

200

Tyr

Asn

Pro

Ser

Thr

280

Ile

Ala

Ile

Asp

Lys

360

Ala

Val

Asp

Gln

Thr

Ala

105

Met

Gly

Pro

Ser

Ala

185

Asp

Leu

Val

Pro

Lys

265

Gln

Arg

Val

Thr

Asn

345

Gly

Asp

Asp

Arg

Gly

Gln

90

Gly

Thr

Ile

Ala

Ala

170

Tyr

Trp

Met

Thr

Ser

250

Pro

Ala

Gly

Gly

Gln

330

Leu

Ala

Pro

Pro

sphaeroides

Gly

Glu

75

Val

Glu

Pro

Asp

Thr

155

Ala

Ser

Asn

Ile

Ala

235

Ala

Ala

Ser

Tyr

Thr

315

Asp

Leu

Ser

Pro

Met
395

Ile

60

Thr

Ala

Val

Ala

Val

140

Ala

Thr

Ile

Gly

Pro

220

Val

Ala

Gly

Ala

Val

300

Pro

Thr

Thr

Val

Phe

380

Pro

Ile

Val

Ser

Val

Pro

125

Thr

Pro

Glu

Ala

Leu

205

Thr

Thr

Lys

Gln

Ser

285

Lys

Val

Asp

Val

Lys

365

Val

Tyr

Ser

Ala

Tyr

Val

110

Val

Ala

Val

Pro

Arg

190

Gly

Ala

Val

Pro

Pro

270

Arg

Lys

Ala

Gln

Tyr

350

Arg

His

Leu

Tyr

Ser

Asn

95

Leu

Met

Ile

Ala

Ala

175

Ser

Pro

Ser

Pro

Leu

255

Ala

Leu

Lys

Ala

Val

335

Ala

Gly

Phe

Gln

Pro

Leu

80

Ala

Pro

Thr

Ala

Ala

160

Arg

Tyr

Asp

Ala

Gly

240

Pro

Ser

Gly

Asn

Ala

320

Pro

Asn

Gln

Glu
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202

-continued
gectgeggece agaccatcag ccageccteg gtegtgggge tgatgageca ggegetggeg 240
gtgaaccege gegacaaggt gctcegaggtg ggaaccgget cgggctatca ggecgecgte 300
ctgagecage tcgeccgecg cgtctacacce gtegaccegte atcgecgect cgtgegegag 360
gcgaccgagyg tcttecaceg cctgtecctg accaacatca cegegcetcat tgeggacgge 420
agtttecggee tgccggaaca ggcccegtte gaccggatee tegtcactge cgceggecgag 480
gacccgeceyg geccectgtt ggcacaattg aagatcggeg gtatcatggt cgtccceggte 540
ggccagaceyg atgcggtgca gaacctgatc aaggtgaccce ggctcgagca gggttacgat 600
tacgaggaac ttcgtceggt gegettegtg cetetggteg aaggcatcegyg gtcggactga 660
<210> SEQ ID NO 94
<211> LENGTH: 219
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 94
Met Thr Ala Glu Ala Asp Gly Glu Asp Pro Ala Glu Arg Lys Met Arg
1 5 10 15
Phe Leu Phe Ala Val Arg Ser Arg Gly Val Thr Asp Ala Arg Val Leu
20 25 30
Ala Ala Met Glu Arg Ile Asp Arg Gly Ala Phe Val Arg Gly Ile Phe
35 40 45
Ala Asp Arg Ala Tyr Glu Asp Met Pro Leu Pro Ile Ala Cys Gly Gln
50 55 60
Thr Ile Ser Gln Pro Ser Val Val Gly Leu Met Ser Gln Ala Leu Ala
65 70 75 80
Val Asn Pro Arg Asp Lys Val Leu Glu Val Gly Thr Gly Ser Gly Tyr
85 90 95
Gln Ala Ala Val Leu Ser Gln Leu Ala Arg Arg Val Tyr Thr Val Asp
100 105 110
Arg His Arg Arg Leu Val Arg Glu Ala Thr Glu Val Phe His Arg Leu
115 120 125
Ser Leu Thr Asn Ile Thr Ala Leu Ile Ala Asp Gly Ser Phe Gly Leu
130 135 140
Pro Glu Gln Ala Pro Phe Asp Arg Ile Leu Val Thr Ala Ala Ala Glu
145 150 155 160
Asp Pro Pro Gly Pro Leu Leu Ala Gln Leu Lys Ile Gly Gly Ile Met
165 170 175
Val Val Pro Val Gly Gln Thr Asp Ala Val Gln Asn Leu Ile Lys Val
180 185 190
Thr Arg Leu Glu Gln Gly Tyr Asp Tyr Glu Glu Leu Arg Pro Val Arg
195 200 205
Phe Val Pro Leu Val Glu Gly Ile Gly Ser Asp
210 215
<210> SEQ ID NO 95
<211> LENGTH: 786
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 95
atgcgcatce tgatcacgaa cgacgacggce atcaacgcte ceggectega ggtgetcgag 60
cagatcgece tcgaactgge cggccccgag ggcgaggtet ggaccgtege tccegectte 120
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204

gagcagtccyg

ggtcegegee

gacgtgctge

tcegecgaga

ggcctgeccy

cegttegaat

ctctgggacy

gcgaacctge

gtcgagceege

cagagcccga

acgcegetge

ggatga

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met Arg Ile Leu

1

Glu

Ile

Tyr

65

Asp

Arg

Gly

Gln

Ala

145

Leu

Pro

Phe

Gly

Leu
225

Thr

Val

Trp

Ser

50

Ala

Val

Gly

Ala

Phe

130

Arg

Trp

Val

Arg

Arg

210

Pro

Pro

Leu

Thr

35

Tyr

Ala

Leu

Asn

Leu

115

Leu

Thr

Asp

Pro

Arg
195
Arg

Gly

Leu

Glu

20

Val

Thr

Glu

Gln

Asn

100

Glu

Gly

His

Gly

Ala

180

Asp

Phe

Thr

Arg

gegtetegea

gctacgcage

agggcgceccyg

acgtgetcta

ccatcgeect

gegecegeac

gcgaggacta

geggecaccyg

acatgtcgec

cgctgecegy

gegeggatet

SEQ ID NO 96
LENGTH:
TYPE:
ORGANISM: Rhodobacter

261

96

Ile

Gln

Ala

His

Gly

Gly

Ser

Ala

Pro

Gly

Glu

165

Ala

Thr

Leu

Asp

Ala
245

Thr

Ile

Pro

Pro

Ser

70

Ala

Ala

Ala

Glu

Ala

150

Asp

Asn

Ser

Trp

Ala
230

Asp

Asn

Ala

Ala

Met

55

Pro

Arg

Glu

Leu

Thr

135

Arg

Tyr

Leu

Phe

Ile
215

Ala

Leu

cgcgatcage
ggagggcage
ccecegaccete
ttceggeacy
gtcecagtte
ccatggegeyg
ceggetgtte
cgtggeggcyg
ctegggtege
caccgatgeg

gactgcgcat

tacacgcatc

ccegecgact

gtgctetegy

gtgggeggeyg

cteggecceyg

cgcategtac

tacaacgtga

cagggcettee

cgcttectet

gecegtgaace

gaccggctgg

sphaeroides

Asp

Leu

Phe

40

Met

Ala

Pro

Asn

Gln

120

Glu

Ile

Arg

Arg

Gly

200

Arg

Val

Thr

Asp

Glu

25

Glu

Ile

Asp

Asp

Val

105

Gly

Gly

Val

Leu

Gly

185

Val

Gly

Asn

Ala

Gly

10

Leu

Gln

Ala

Cys

Leu

90

Leu

Leu

Leu

Arg

Phe

170

His

Glu

Gly

Leu

His
250

Ile

Ala

Ser

Lys

Val

75

Val

Tyr

Pro

Ala

Leu

155

Tyr

Arg

Pro

Ala

Glu
235

Asp

cgatgatgat

gegtgetege

gegtgaaceg

cgctegagge

aaacggaggg

gectectget

acttcecegee

ggcgcegacac

ggatcegggyg

tcgaagggtt

ccgagetgga

Asn

Gly

Gly

Leu

60

Leu

Leu

Ser

Ala

Asp

140

Leu

Asn

Val

His

Gln
220

Gly

Arg

Ala

Pro

Val

45

Gly

Ala

Ser

Gly

Ile

125

Pro

Leu

Val

Ala

Met
205
Gln

Phe

Leu

Pro

Glu

30

Ser

Pro

Ala

Gly

Thr

110

Ala

Phe

Glu

Asn

Ala

190

Ser

Ser

Val

Ala

cgccaagete
cgegetetac
gggcaacaac
ggcgetgeag
getggecgat
cgagcegeggy
cgtgeegget
ctcetteggy
cggegeccag
cgtectegate

ggcgctcate

Gly

15

Gly

His

Arg

Leu

Val

Val

Leu

Glu

Arg

Phe

175

Gln

Pro

Pro

Ser

Glu
255

Leu

Glu

Ala

Arg

Tyr

80

Asn

Gly

Ser

Cys

Gly

160

Pro

Gly

Ser

Thr

Ile
240

Leu

180

240

300

360

420

480

540

600

660

720

780

786
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206

-continued

Glu Ala Leu Ile Gly

260
<210> SEQ ID NO 97
<211> LENGTH: 972
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 97
atgacaatac gcgcegtggt gaggggegte gggcactate tgcccgacceyg tgtegteccg 60
aactccgaac tcgaggcgat cgtcgagacg accgacgaat ggatccgcac ccggteggge 120
atcgaacgge ggcatttecge ggcggaggga cagacgacct ccgacctege cgcccgegeg 180
gegegtgeayg cgctecgagga cgeggggett cagcecggacyg acatcgacac getgatcgte 240
gecaccteca cggecgatcet caccttecce tecgeegeca ccatggtgca ggeggecttg 300
ggcatgacce geggettege cttegacgtg caggeggtet gegegggett cgtctatgeg 360
ctggecaatyg ccgatgeget gatccgeteg ggtcaggege agegegtget cgtgatceggg 420
geegagacct tcagecgect gatggactgg aacgaccggg ccacctgegt getcettegge 480
gatggcegegy gegeggtggt getegaggge accgagageg ceggcacctce cgecgaccege 540
ggcatccettyg cgaccgacct gcattcggac ggccgettca aggacctget ctatgtcgat 600
ggeggetect cgaccggcac cacgggcecac ctgcggatge agggacgega ggtttteege 660
catgecegttyg agaagcttgce agaaacagceg catacggcac tggagaaggce gggectcgge 720
geeggegatyg tcgactggat cgtgecgcat caggccaacce tgcgcatcat cteggccacce 780
geecagegga tgcaggttece gatggaccge gtgatcctga cggtgcagga tcacggcaat 840
accteggeceg cctegattee cctggeccte teggteggea aggcacgegyg gcagatcaag 900
gaaggcgace ttctggtcac cgaagcgatce ggceggeggge tegectgggg cteggtggte 960
ctececgetggt ag 972
<210> SEQ ID NO 98
<211> LENGTH: 323
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 98

Met Thr Ile
1

Arg Val Val

Glu Trp Ile
35

Glu Gly Gln
50

Leu Glu Asp
65

Ala Thr Ser

Gln Ala Ala

Val Cys Ala

115

Arg Ser Gly

Arg Ala Val Val Arg
Pro Asn Ser Glu Leu
20

Arg Thr Arg Ser Gly
40

Thr Thr Ser Asp Leu
55

Ala Gly Leu Gln Pro
70

Thr Ala Asp Leu Thr
85

Leu Gly Met Thr Arg
100

Gly Phe Val Tyr Ala
120

Gln Ala Gln Arg Val

Gly Val Gly
10

Glu Ala Ile
25

Ile Glu Arg

Ala Ala Arg

Asp Asp Ile

75

Phe Pro Ser
90

Gly Phe Ala
105

Leu Ala Asn

Leu Val Ile

His Tyr Leu

Val Glu Thr
30

Arg His Phe
45

Ala Ala Arg
60

Asp Thr Leu

Ala Ala Thr

Phe Asp Val

110

Ala Asp Ala
125

Gly Ala Glu

Pro Asp
15

Thr Asp

Ala Ala

Ala Ala

Ile Val
80

Met Val
95
Gln Ala

Leu Ile

Thr Phe
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130 135 140

Ser Arg Leu Met Asp Trp Asn Asp Arg Ala Thr Cys Val Leu Phe Gly
145 150 155 160

Asp Gly Ala Gly Ala Val Val Leu Glu Gly Thr Glu Ser Ala Gly Thr
165 170 175

Ser Ala Asp Arg Gly Ile Leu Ala Thr Asp Leu His Ser Asp Gly Arg
180 185 190

Phe Lys Asp Leu Leu Tyr Val Asp Gly Gly Ser Ser Thr Gly Thr Thr
195 200 205

Gly His Leu Arg Met Gln Gly Arg Glu Val Phe Arg His Ala Val Glu
210 215 220

Lys Leu Ala Glu Thr Ala His Thr Ala Leu Glu Lys Ala Gly Leu Gly
225 230 235 240

Ala Gly Asp Val Asp Trp Ile Val Pro His Gln Ala Asn Leu Arg Ile
245 250 255

Ile Ser Ala Thr Ala Gln Arg Met Gln Val Pro Met Asp Arg Val Ile
260 265 270

Leu Thr Val Gln Asp His Gly Asn Thr Ser Ala Ala Ser Ile Pro Leu
275 280 285

Ala Leu Ser Val Gly Lys Ala Arg Gly Gln Ile Lys Glu Gly Asp Leu
290 295 300

Leu Val Thr Glu Ala Ile Gly Gly Gly Leu Ala Trp Gly Ser Val Val
305 310 315 320

Leu Arg Trp

<210> SEQ ID NO 99
<211> LENGTH: 468
<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 99

atgaccgaag ccgcagaagce gacgctctee gecgatatece agttgatcca geggatcate 60
ccgcacegtt accegttect getggtggac cgggtgegeg acatcgtece gaacaagage 120
geegteggea tcaaatgegt cacgatgaac gagccgcagt tcacggggea ctteccegge 180
ctgccgatet tecegggegt geagatcate gaggecatgg cgcagactte ggecgtgetg 240
gtcggegtet cgatggatcet cgccgacaag ggcegccaagg tctatttcat gggeategac 300
ggggccaagt tccggcegcaa ggtegtgceeyg ggcegacgtge tegagatgac cgtcacegtg 360

aagcgeggeg gcggcaaggt ctggaagtte gagggeeggg cetecgtega cggggaactg 420

gecgecgagg cggaattcte cgccatgete gatttgecga aaggataa 468

<210> SEQ ID NO 100

<211> LENGTH: 155

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 100

Met Thr Glu Ala Ala Glu Ala Thr Leu Ser Ala Asp Ile Gln Leu Ile
1 5 10 15

Gln Arg Ile Ile Pro His Arg Tyr Pro Phe Leu Leu Val Asp Arg Val
20 25 30

Arg Asp Ile Val Pro Asn Lys Ser Ala Val Gly Ile Lys Cys Val Thr
35 40 45

Met Asn Glu Pro Gln Phe Thr Gly His Phe Pro Gly Leu Pro Ile Phe
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-contin

ued

210

50

Pro Gly Val
65

Val Gly Val

Met Gly Ile

Val Leu Glu

115

Lys Phe Glu
130

Glu Phe Ser
145

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

55

Gln Ile Ile Glu Ala

70

Ser Met Asp Leu Ala

85

Asp Gly Ala Lys Phe

100

Met Thr Val Thr Val

120

Gly Arg Ala Ser Val

135

Ala Met Leu Asp Leu
150

D NO 101
H: 933
DNA

<400> SEQUENCE: 101

atgatcgatg
ctgegteatce
cattccggeyg
cgcatccaca
ccgeactgyge
gatctgcette
ctegegecge
agccatttet
ccgetegtea
cagcaggcgyg
ccgecatecga
cgceggcagyg
aaccatcteg
cgceeecggec
ggctatgect
gtgetggagg
<210> SEQ I
<211> LENGT
<212> TYPE:
<213> ORGAN

<400> SEQUE:

Met Ile Asp
1

His Ala Lys
Ala Thr Ala
35

Val Leu Ser
50

cegtegtgac
agggggaggce
agatccgett
tcgtcaccga
gggaccgcat
cegtettete
gcettcatcta
tcgacggaga
cceggetgaa
cegegegget
tgcaccgega
cgggecacceyg
agatcgagge
gecegacegyg
cgttetgegt
ggctggageg
D NO 102

H: 310
PRT

ISM: Rhodobacter

NCE: 102

ctgggtggat
gggegtteat
ctgegtectyg
cgaccagcat
cgeggtegty
ctegegeteg
cctcaacgac
cegggeegte
acgctggetyg
gacgggecgg
caggcttgee
tttecegeteg
cegegeegty
cacggeecte
ccagagtete

ccattacgec

Ala Val Val Thr Trp

5

Met

Asp

Arg

105

Lys

Asp

Pro

Ala

Lys

90

Arg

Arg

Gly

Lys

sphaeroides

Gln

75

Gly

Lys

Gly

Glu

Gly
155

ggtgcegate

caggcggcaa

tcecctectge

cecegeegtge

gatcaccgeyg

atcgagacga

gacatctteg

ctgegeggec

aagcgcgage

acgagcgact

agcttcetatg

gcagatcagg

atcgcgeege

geceggacga

gacgccatgt

tga

Val

sphaeroides

Asp
10

Gly

Arg Leu Arg His Gln Gly Glu Ala

20

Pro Thr Arg Phe Ala

40

Leu Leu Arg Phe Cys

55

25

His

Pro

Ser

Phe

Gly

Val

60

Thr Ser Ala

Ala Lys Val

Val Val Pro

110

Gly Gly Lys
125

Leu Ala Ala
140

cggeccatca
cecgetecgac
gettetgece
tggacccgat
ccatctacgyg
tgatccaccy
tegggegece
ggatgcagcce
ggcegggeta
atttcctgac
cgggcgatee
tctegeccat
cgctegacgt
tggagcgget

ccgaggecga

Ala Asp Pro
Gly Val His
30

Glu Ile Arg
45

Glu Arg Ile
60

Val Leu
80

Tyr Phe
95

Gly Asp

Val Trp

Glu Ala

cgccaagege
cegettegee
cttegtegag
cctegacgat
cgagcatgee
gatcceggge
gectggacgag
ctttecccaat
caagaccgcg
cgagcaccag
gcaggegetyg
cggectegeyg
gggctacate
ctgegecaac

cegecgetge

Ala His
15
Gln Ala

Phe Cys

His Ile

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

933
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212

Val Thr Asp
65

Pro His Trp

Gly Glu His

Thr Met Ile

115

Asn Asp Asp
130

Asp Gly Asp
145

Pro Leu Val

Tyr Lys Thr

Asp Tyr Phe

195

Leu Ala Ser
210

Gly His Arg
225

Asn His Leu

Val Gly Tyr

Thr Met Glu

275

Ser Leu Asp
290

Leu Glu Arg
305

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asp Gln His Pro Ala

Arg Asp Arg Ile Ala

85

Ala Asp Leu Leu Pro

100

His Arg Ile Pro Gly

120

Ile Phe Val Gly Arg

135

Arg Ala Val Leu Arg
150

Thr Arg Leu Lys Arg

165

Ala Gln Gln Ala Ala

180

Leu Thr Glu His Gln

200

Phe Tyr Ala Gly Asp

215

Phe Arg Ser Ala Asp
230

Glu Ile Glu Ala Arg

245

Ile Arg Pro Gly Arg

260

Arg Leu Cys Ala Asn

280

Ala Met Ser Glu Ala

295

His Tyr Ala
310

D NO 103
H: 2262
DNA

Val Leu Asp
Val Val Asp
90

Val Phe Ser
105

Leu Ala Pro

Pro Leu Asp

Gly Arg Met

155

Trp Leu Lys
170

Ala Arg Leu
185

Pro His Pro

Pro Gln Ala

Gln Val Ser

235

Ala Val Ile
250

Pro Thr Gly
265

Gly Tyr Ala

Asp Arg Arg

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 103

gtgcggactg

cgattccaga

accttecttyg

ctgetggecyg

cgcatggtet

ggcacctteyg

acggtgaacyg

tcgetegagy

gaggcgctgg

cagetgegge

ttcctgateg

ctgtgegeag

cggcgatggc

cattggggec

atctggtcta

cggaccggcyg

ngggCthC

tgggtctgga

cagccgagge

cggectatet

cgctteteac

atggcagcgg

caacacctygg

ctteggecte

gatgaatcag

cgtectegeyg

cagccagteg

getegtgece

gggctggttc

ctatcaggaa

caacgtggec

gcagggacag

cgtgcteage

atcaagcteg

gtcetgetgyg

ggggcgaatt

gtggeggege

gnggCthC

accatccteg

tctgagcggg

gagcaccgece

aagcaatcga

gagaagatce

acccggggceyg

Pro Ile Leu

His Arg Ala

Ser Arg Ser

110

Arg Phe Ile
125

Glu Ser His
140

Gln Pro Phe

Arg Glu Arg

Thr Gly Arg
190

Met His Arg
205

Leu Arg Arg
220

Pro Ile Gly

Ala Pro Pro

Thr Ala Leu
270

Ser Phe Cys
285

Cys Val Leu
300

cgegectgeg
ggccggtget
cgececteget
tggtgatcge
ggctgcatct
tcgeggtett
tgcggcaggt
gegatctgat
ccttettect
agcgeggect

aacgcagcta

Asp Asp
Ile Tyr
95

Ile Glu

Tyr Leu

Phe Phe

Pro Asn
160

Pro Gly
175

Thr Ser

Asp Arg

Gln Ala

Leu Ala
240

Leu Asp
255

Ala Arg

Val Gln

Glu Gly

caggcagcegyg
ggegetggeg
gegattegtyg
geggategece
geggetggtyg
cgcgatgete
ggtgggggece
cgaggatgee
gegegacgac
gegegaggece

tctettegat

60

120

180

240

300

360

420

480

540

600

660
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-continued
ttcgagcage ccgatgecac cgacategag cgggegegeg cgggccagac ggtcectgate 720
caggactggyg ccaacaacga attccgegece ctegtecate tcacggectt ccccgaccege 780
ttcectetatg tectegegeac ggtggacgge tcgatcctga gectgetega cgatacgege 840
gagacggtgg tgctctatca tcagctggaa gccgagegeg ggcggatget gttegagtte 900
gggctgetet accteggett cgegetgate ctgatcecttg cegecgtetyg getggggtte 960
tggttegeeg ageggetgte gegeccegtyg gggeggeteg caggggetge gcagegegtg 1020
ggtgcgggeyg atctegacgt gcaggtgece gaggaggagg gcgacgacga gatcgegatg 1080
ctgggeegge tcettcaacca gatgaccegg cagctgaagg gecagegega cgegetgatg 1140
gacaacaacc gccagaccga geggceggegyg cggetgtteg acteggtget ctecteggte 1200
acggceggggy tgateggget cgacgeggtyg gggcaggteg atttcatcaa ccgegecgece 1260
cagceggetge tcgaactgece gecaggeggge aacatgtceece tgtecacege cgtgecggag 1320
ttcegeggece tettegegeg getgegegag acgggggegg cegtgcagga ggagatcecege 1380
ctgatccgca agggccggat ggagagectt ctegteegea tgageccgeg gegcaacgag 1440
agcggceceggce tcgaaggcta tgtggtggcee ttcgacgacg tgaccgacct cgtcecteggeg 1500
cagcggatgg ccgectgggg cgacgtggeg cggegeateg cgcatgagat caagaaccceg 1560
ctgacgccga tccagetete ggeccgagegg atcaagegea agttcegece getegtggge 1620
gagcaggcgg gcgatctcga ccaatattcc gatgtcatca tcecgccagac caacgatcetg 1680
cgcegtateg tggacgaatt ctecgaaatte geccggatge cegagecega cceggegegag 1740
geggatcteg tgaagetegt cegegacgeg gtggtgetge aggaggeggyg ccageccgag 1800
gtgcggatceg aggcgcegget gecgteggat ccctggecca tcegacatcga cacgaccatg 1860
atcgggcagyg ccttgaccaa cctgatgaag aacgegggeg aggegatcega ggeccgecge 1920
gaggcggaag gtcaggggtt cgaacccgag atccgegtet cgcttacggt caacgaggat 1980
caggcgetge tgegeatege cgacaatgge acggggette cgeccgacceg gacgeggete 2040
ttcgaaccct atgtcaccac gegtgagaag ggcaccggcce tcggcctgece catcgtgaag 2100
aagatcatcg aggaacatgg cggcatcctg acgctcageg atgccgacce cttcacccat 2160
gacggccace geggggcecat ggccgagate cggetgecce geatcctgeg cageegggeg 2220
cgggccegcga agaccggcga ggcgagaccg gaggacacat ga 2262
<210> SEQ ID NO 104
<211> LENGTH: 753
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 104

Met Arg Thr
1

Arg Arg Gln
Leu Gly Pro
35

Asn Gln Gly
50

Leu Val Tyr
65

Arg Met Val

Ala Val Arg Ser Asn
5

Arg Arg Phe Gln Thr
20

Val Leu Ala Leu Ala
40

Ala Asn Ser Pro Ser
55

Val Leu Ala Val Ala
70

Ser Asp Arg Arg Ser
85

Thr Trp Ile
10

Ala Met Ala
25

Thr Phe Leu

Leu Arg Phe

Ala Leu Val
75

Gln Ser Ala
90

Lys Leu Ala

Phe Gly Leu
30

Ala Leu Gly
45

Val Leu Leu
60

Ile Ala Arg

Gly Ser Arg

Arg Leu
15

Val Leu

Pro Met

Ala Asp

Ile Ala

80

Leu His
95
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-continued

216

Leu

Leu

Trp

Ala

145

Glu

Leu

Ile

Leu

Asp

225

Gln

Phe

Leu

Leu

Leu

305

Trp

Ala

Glu

Thr

Gln

385

Thr

Asn

Ser

Arg

Gly

465

Ser

Leu

Arg

Val

Phe

130

Glu

Ala

Arg

Gln

Arg

210

Ala

Asp

Pro

Ser

Glu

290

Gly

Phe

Gln

Gly

Arg

370

Thr

Ala

Arg

Leu

Glu
450
Arg

Gly

Val

Leu

Ala

115

Ser

Ala

Leu

Asp

Arg

195

Thr

Thr

Trp

Asp

Leu

275

Ala

Phe

Ala

Arg

Asp

355

Gln

Glu

Gly

Ala

Ser

435

Thr

Met

Arg

Ser

Val

100

Val

Glu

Tyr

Ala

Asp

180

Gly

Arg

Asp

Ala

Arg

260

Leu

Glu

Ala

Glu

Val

340

Asp

Leu

Arg

Val

Ala

420

Thr

Gly

Glu

Leu

Ala
500

Gly

Phe

Arg

Gln

Ala

165

Gln

Leu

Gly

Ile

Asn

245

Phe

Asp

Arg

Leu

Arg

325

Gly

Glu

Lys

Arg

Ile

405

Gln

Ala

Ala

Ser

Glu

485

Gln

Thr

Ala

Val

Glu

150

Tyr

Leu

Arg

Glu

Glu

230

Asn

Leu

Asp

Gly

Ile

310

Leu

Ala

Ile

Gly

Arg

390

Gly

Arg

Val

Ala

Leu
470

Gly

Arg

Phe Ala Gly Leu Ala Leu Val Pro Thr
105 110

Met Leu Thr Val Asn Val Gly Leu Glu
120 125

Arg Gln Val Val Gly Ala Ser Leu Glu
135 140

Glu His Arg Arg Asp Leu Ile Glu Asp
155

Leu Asn Val Ala Lys Gln Ser Thr Phe
170 175

Arg Pro Leu Leu Thr Gln Gly Gln Glu
185 190

Glu Ala Phe Leu Ile Asp Gly Ser Gly
200 205

Arg Ser Tyr Leu Phe Asp Phe Glu Gln
215 220

Arg Ala Arg Ala Gly Gln Thr Val Leu
235

Glu Phe Arg Ala Leu Val His Leu Thr
250 255

Tyr Val Ser Arg Thr Val Asp Gly Ser
265 270

Thr Arg Glu Thr Val Val Leu Tyr His
280 285

Arg Met Leu Phe Glu Phe Gly Leu Leu
295 300

Leu Ile Leu Ala Ala Val Trp Leu Gly
315

Ser Arg Pro Val Gly Arg Leu Ala Gly
330 335

Gly Asp Leu Asp Val Gln Val Pro Glu
345 350

Ala Met Leu Gly Arg Leu Phe Asn Gln
360 365

Gln Arg Asp Ala Leu Met Asp Asn Asn
375 380

Arg Leu Phe Asp Ser Val Leu Ser Ser
395

Leu Asp Ala Val Gly Gln Val Asp Phe
410 415

Leu Leu Glu Leu Pro Gln Ala Gly Asn
425 430

Pro Glu Phe Ala Ala Leu Phe Ala Arg
440 445

Val Gln Glu Glu Ile Arg Leu Ile Arg
455 460

Leu Val Arg Met Ser Pro Arg Arg Asn
475

Tyr Val Val Ala Phe Asp Asp Val Thr
490 495

Met Ala Ala Trp Gly Asp Val Ala Arg
505 510

Ile

Gly

Ala

Ala

160

Phe

Lys

Val

Pro

Ile

240

Ala

Ile

Gln

Tyr

Phe

320

Ala

Glu

Met

Arg

Val

400

Ile

Met

Leu

Lys

Glu

480

Asp

Arg
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218

Ile Ala His
515

Glu Arg Ile
530

Asp Leu Asp
545

Arg Arg Ile

Asp Arg Arg

Leu Gln Glu

595

Ser Asp Pro
610

Leu Thr Asn
625

Glu Ala Glu

Val Asn Glu

Leu Pro Pro

675

Glu Lys Gly
690

Glu His Gly
705

Asp Gly His

Arg Ser Arg

Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Ile Lys Asn Pro

520

Lys Arg Lys Phe Arg

535

Gln Tyr Ser Asp Val
550

Val Asp Glu Phe Ser

565

Glu Ala Asp Leu Val

580

Ala Gly Gln Pro Glu

600

Trp Pro Ile Asp Ile

615

Leu Met Lys Asn Ala
630

Gly Gln Gly Phe Glu

645

Asp Gln Ala Leu Leu

660

Asp Arg Thr Arg Leu

680

Thr Gly Leu Gly Leu

695

Gly Ile Leu Thr Leu
710

Arg Gly Ala Met Ala

725

Ala Arg Ala Ala Lys

740

D NO 105
H: 1431
DNA

Leu

Pro

Ile

Lys

Lys

585

Val

Asp

Gly

Pro

Arg

665

Phe

Pro

Ser

Glu

Thr
745

Thr

Leu

Ile

Phe

570

Leu

Arg

Thr

Glu

Glu

650

Ile

Glu

Ile

Asp

Ile

730

Gly

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 105

atgagcagca

ctgegegacy

gtgaatgcceyg

gacgggatcg

atctegggge

ttcatcgaga

acggegegte

atgctgggcg

tcgaacggge

ttcatccacy

gtcgageccyg

gagcaggggce

ttetgategt

agggctteca

agcecgeegge

acatcctgaa

acggcaacat

agcccttcaa

tgcggegega

getegacege

gegtcatget

ccaattecggyg

accggatgga

tgctcgagea

cgatgacgag

gatccgecte

getgatgatce

gegecaccaag

cgagatcgeg

catcgaccag

gaacagcgag

ctaccggetyg

ctcagggecc

c¢cgggcaggy

ggaggtccte

ggcgcacggc

Pro

Val

Arg

555

Ala

Val

Ile

Thr

Ala

635

Ile

Ala

Pro

Val

Ala

715

Arg

Glu

cgcgacatee

gecgecaatt

ctcgacatct

cgcgacaatce

gtggcggcga

ctcatggtygyg

ctgegecgge

ctgaagtege

gcgggegcecy

gegeccttea

ttceggecgeyg

ggcategtet

Ile Gln Leu
525

Gly Glu Gln
540

Gln Thr Asn

Arg Met Pro

Arg Asp Ala

590

Glu Ala Arg
605

Met Ile Gly
620

Ile Glu Ala

Arg Val Ser

Asp Asn Gly
670

Tyr Val Thr
685

Lys Lys Ile
700

Asp Pro Phe

Leu Pro Arg

Ala Arg Pro
750

gegagetgat
ccgacgagty
ggctcaagga
ccgacgtgec
tcaagcaggyg
tggtccageyg
gegacgtete
agctcgagaa
ggaaagagct
tcteggtete
agacggccga

atttcgacga

Ser Ala

Ala Gly

Asp Leu
560

Glu Pro
575

Val Val

Leu Pro

Gln Ala

Arg Arg

640

Leu Thr
655

Thr Gly

Thr Arg

Ile Glu

Thr His
720

Ile Leu
735

Glu Asp

cggggacatce
catggcggcyg
cagccggatyg
ggtggtcate
cgectacgac
cgcgatggag
ggceggecgag
ggtcaccaag
ggceegegege
ctcggecace
gegegggatce

ggtggeggac

60

120

180

240

300

360

420

480

540

600

660

720
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220

-continued
atgccgeteg gcacccagte gaagatcetyg cgegtgetga cegaacagca attcaccegg 780
cagggcggcea ccgacaaggt gegggtegac ctgegggtga tetettegac gacgegegac 840
ctgegeacceg agatcgecge gggecgette cggcaggaac tttacgaccg gcetgaacgtg 900
gtgccgateg aggtgcegge getgaccgac cggcegcegagg atattccgat getggecegg 960
cacttcatcg agatgttcca ccgcagtcag ggcctgecge tgcgcagcect cacctcecgag 1020
gecgaggcaa tgctccagac gatgecegtgyg cegggcaacg tgegecaget gegcaacgtg 1080
atcgageggyg tgctgatect cggegacgga tegggeccca tegaggegeg cgagetgecg 1140
ggcaacgagg gcccgggcga ggaggggcegyg ctgatccteg geggggeget cgecacgetce 1200
ccgcttegag aggcacgcga gctcecttegag cgcgaatatce ttctcaccca gatcaaccgce 1260
ttecggeggga acatcagecg cacggcggcece tttgtcggga tggaacgcte ggccctgcac 1320
cgcaagctga agtcgetggg cgtggtgace accgegaagg gaggcagecg gettgeccga 1380
atcgaggacg attacgagga cgaggaggag ccgctcgggg cgcecggattg a 1431

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

D NO 106
H: 476
PRT

<400> SEQUENCE: 106

Met Ser Ser
1

Ile Gly Asp
Asn Ser Asp
35

Met Ile Leu
50

Ile Leu Lys
65

Ile Ser Gly

Gly Ala Tyr

Val Val Val
115

Ser Glu Leu
130

Ser Thr Ala
145

Ser Asn Gly

Leu Ala Ala

Phe Ile Ser

195

Val Leu Phe
210

Leu Glu Gln
225

Met Pro Leu

Ile Leu Ile Val Asp

5

Ile Leu Arg Asp Glu

Glu Cys Met Ala Ala

40

Asp Ile Trp Leu Lys

55

Arg Thr Lys Arg Asp

70

His Gly Asn Ile Glu

Asp Phe Ile Glu Lys

100

Gln Arg Ala Met Glu

120

Arg Arg Arg Asp Val

135

Tyr Arg Leu Leu Lys
150

Arg Val Met Leu Ser

165

Arg Phe Ile His Ala

180

Val Ser Ser Ala Thr

200

Gly Arg Glu Thr Ala

215

Ala His Gly Gly Ile
230

Gly Thr Gln Ser Lys

245

Asp

Gly

Val

Asp

Asn

Ile

Pro

105

Thr

Ser

Ser

Gly

Asn

185

Val

Glu

Val

Ile

sphaeroides

Glu

10

Phe

Asn

Ser

Pro

Ala

Phe

Ala

Ala

Gln

Pro

170

Ser

Glu

Arg

Tyr

Leu
250

Arg

Gln

Ala

Arg

Asp

75

Val

Asn

Arg

Ala

Leu

155

Ala

Gly

Pro

Gly

Phe
235

Arg

Asp Ile Arg
Ile Arg Leu
30

Glu Pro Pro
45

Met Asp Gly
60

Val Pro Val

Ala Ala Ile

Ile Asp Gln
110

Leu Arg Arg
125

Glu Met Leu
140

Glu Lys Val

Gly Ala Gly

Arg Ala Gly
190

Asp Arg Met
205

Ile Glu Gln
220

Asp Glu Val

Val Leu Thr

Glu Leu
15

Ala Ala

Ala Leu

Ile Asp

Val Ile
80

Lys Gln
95

Leu Met

Glu Asn

Gly Gly

Thr Lys
160

Lys Glu
175

Ala Pro

Glu Glu

Gly Leu

Ala Asp

240

Glu Gln
255
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Gln Phe Thr Arg Gln Gly Gly Thr Asp Lys Val Arg Val Asp Leu Arg
260 265 270

Val Ile Ser Ser Thr Thr Arg Asp Leu Arg Thr Glu Ile Ala Ala Gly
275 280 285

Arg Phe Arg Gln Glu Leu Tyr Asp Arg Leu Asn Val Val Pro Ile Glu
290 295 300

Val Pro Ala Leu Thr Asp Arg Arg Glu Asp Ile Pro Met Leu Ala Arg
305 310 315 320

His Phe Ile Glu Met Phe His Arg Ser Gln Gly Leu Pro Leu Arg Ser
325 330 335

Leu Thr Ser Glu Ala Glu Ala Met Leu Gln Thr Met Pro Trp Pro Gly
340 345 350

Asn Val Arg Gln Leu Arg Asn Val Ile Glu Arg Val Leu Ile Leu Gly
355 360 365

Asp Gly Ser Gly Pro Ile Glu Ala Arg Glu Leu Pro Gly Asn Glu Gly
370 375 380

Pro Gly Glu Glu Gly Arg Leu Ile Leu Gly Gly Ala Leu Ala Thr Leu
385 390 395 400

Pro Leu Arg Glu Ala Arg Glu Leu Phe Glu Arg Glu Tyr Leu Leu Thr
405 410 415

Gln Ile Asn Arg Phe Gly Gly Asn Ile Ser Arg Thr Ala Ala Phe Val
420 425 430

Gly Met Glu Arg Ser Ala Leu His Arg Lys Leu Lys Ser Leu Gly Val
435 440 445

Val Thr Thr Ala Lys Gly Gly Ser Arg Leu Ala Arg Ile Glu Asp Asp
450 455 460

Tyr Glu Asp Glu Glu Glu Pro Leu Gly Ala Pro Asp
465 470 475

<210> SEQ ID NO 107

<211> LENGTH: 1041

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 107

atgcaggcge aggatgcaac tcagcttetg gagggtgtge cgetgecect cgtgetgate 60

ggcceggatyg ageggatceg ggeggecaac gegeceggege ageggetgtt cggegecgeg 120

agcgtggege ggcattatgt gatggegatg cggcagecgg cgcetgetega tgcgatcgag 180

ggcgegatcee ggcetegateg gecggggege gegegctaca tcatcaccegyg accctegegyg 240
gaggtgacct atcgegegac ggtgacgceg gtecgcatee acggcgagayg ctgegegetc 300
tgcgectteg aggacatcac cgagcaggag cagatgggeg cgatceggeg cgacttegtg 360
gecgaacgtga gccacgaact gegcacccce ctcacggege tecteggett catcgagacyg 420
ctgcagggeg ctgcgegega cgatceegeg geacggagece ggtttetegg catcatggeg 480

cgggaggegyg gecggatgaa ceggetggtyg caggacctece tgtegetgag ccgggtggaa 540

tcggaagaga gggtgeggece gaagacceeg gtggatgtga cggeggtgat cggacaggece 600

atcgeggege tgegecccat ggeccgaggee gegggegteg agatccageg tcagggcegag 660

geggggecga tcectgetgee gggagaccce gaccagctca cgcaggtett tcacaaccte 720

atcgagaatyg cggtgaaata cggegetteg ggcaagettg tcaccgtegg gatctceccege 780

gatgccgagg gectegegeg getegggece geggtgegga tcegaggtggt ggategggge 840
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gaggggatcg acgccatcca

caccgetege

aaccggeace

gtgacgctge

dcgagaaggy

geggecgett

ctctggectyg a

<210> SEQ ID NO 108

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gln Ala Gln

1

Leu

Ala

Ala

Leu

65

Glu

Ser

Gly

Thr

Ala

145

Arg

Ser

Glu

Leu

225

Ile

Gly

Arg

Pro

Glu
305

Val

Gln

Met

50

Asp

Val

Cys

Ala

Pro

130

Arg

Glu

Arg

Thr

Ala

210

Leu

Glu

Ile

Ile

Arg

290

Lys

Arg

Leu

Arg

35

Arg

Arg

Thr

Ala

Ile

115

Leu

Asp

Ala

Val

Ala

195

Ala

Pro

Asn

Ser

Glu
275
Leu

Gly

His

Ile

20

Leu

Gln

Pro

Tyr

Leu

100

Arg

Thr

Asp

Gly

Glu

180

Val

Gly

Gly

Ala

Arg

260

Val

Thr

Gly

Arg

346

Rhodobacter

108

Asp

5

Gly

Phe

Pro

Gly

Arg

85

Cys

Arg

Ala

Pro

Arg

165

Ser

Ile

Val

Asp

Val

245

Asp

Val

Glu

Thr

Gly
325

Ala

Pro

Gly

Ala

Arg

70

Ala

Ala

Asp

Leu

Ala

150

Met

Glu

Gly

Glu

Pro

230

Lys

Ala

Asp

Arg

Gly

310

Arg

Thr

Asp

Ala

Leu

55

Ala

Thr

Phe

Phe

Leu

135

Ala

Asn

Glu

Gln

Ile

215

Asp

Tyr

Glu

Arg

Phe
295

Leu

Phe

sphaeroides

Gln

Glu

Ala

40

Leu

Arg

Val

Glu

Val

120

Gly

Arg

Arg

Arg

Ala

200

Gln

Gln

Gly

Gly

Gly

280

Tyr

Gly

Leu

Leu

Arg

25

Ser

Asp

Tyr

Thr

Asp

105

Ala

Phe

Ser

Leu

Val

185

Ile

Arg

Leu

Ala

Leu

265

Glu

Arg

Leu

Ile

Leu

10

Ile

Val

Ala

Ile

Pro

90

Ile

Asn

Ile

Arg

Val

170

Arg

Ala

Gln

Thr

Ser

250

Ala

Gly

Val

Ala

Glu
330

Glu

Arg

Ala

Ile

Ile

75

Val

Thr

Val

Glu

Phe

155

Gln

Pro

Ala

Gly

Gln

235

Gly

Arg

Ile

Asp

Ile
315

Ser

Gly

Ala

Arg

Glu

60

Thr

Arg

Glu

Ser

Thr

140

Leu

Asp

Lys

Leu

Glu

220

Val

Lys

Leu

Asp

Asn
300

Val

Glu

Val

Ala

His

45

Gly

Gly

Ile

Gln

His

125

Leu

Gly

Leu

Thr

Arg

205

Ala

Phe

Leu

Gly

Ala
285
His

Lys

Leu

Pro

Asn

30

Tyr

Ala

Pro

His

Glu

110

Glu

Gln

Ile

Leu

Pro

190

Pro

Gly

His

Val

Pro

270

Ile

Arg

His

Gly

Leu

15

Ala

Val

Ile

Ser

Gly

95

Gln

Leu

Gly

Met

Ser

175

Val

Met

Pro

Asn

Thr

255

Ala

His

Ser

Ile

Gln
335

tctgeegegyg ctgaccgage ggttctacceyg cgtggacaac
cggcacceggyg ctgggecteg ccatcgtgaa geatategtg

cctecategag agcegagetgg ggcagggcag ccgctteatce

Pro

Pro

Met

Arg

Arg

80

Glu

Met

Arg

Ala

Ala

160

Leu

Asp

Ala

Ile

Leu

240

Val

Val

Leu

Arg

Val

320

Gly

900

960

1020

1041
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Ser Arg Phe Ile Val Thr Leu Pro Leu Ala

340 345
<210> SEQ ID NO 109
<211> LENGTH: 492
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 109
atgcctette aaccggacce gatcgggaac ctgaacattt ctttcgaaac aaatccggeg 60
ggggcaggta tcggggtgag acgacaggac gcgagcagge acgggeggec ttggetgaga 120
ctggtetggg acggcgaaaa gecgggtegea cegetgeceg atacggeggyg tccatcgegg 180
ctgagggacg gtccegecge catccggetyg atcgegaceyg agggcggace tccegggcecyg 240
tcctecatgg ccgagaccgg tetceteggge cteaccgege tgcettetgge cgatcttgea 300
cecegeggetyg teteggtgee getgategeg gecgattgeg acgecgtgga tettcetecac 360
cggetgegeg ggcetgggeta tgcggggege gtgatcegtge getgeccgee getgeccgeg 420
ccggatetgg tcegagegega getctecege catgeggegyg gectegecat aaacctegtg 480
gccggggact ag 492
<210> SEQ ID NO 110
<211> LENGTH: 163
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 110
Met Pro Leu Gln Pro Asp Pro Ile Gly Asn Leu Asn Ile Ser Phe Glu
1 5 10 15
Thr Asn Pro Ala Gly Ala Gly Ile Gly Val Arg Arg Gln Asp Ala Ser

20 25 30
Arg His Gly Arg Pro Trp Leu Arg Leu Val Trp Asp Gly Glu Lys Arg

35 40 45
Val Ala Pro Leu Pro Asp Thr Ala Gly Pro Ser Arg Leu Arg Asp Gly
50 55 60
Pro Ala Ala Ile Arg Leu Ile Ala Thr Glu Gly Gly Pro Pro Gly Pro
65 70 75 80
Ser Ser Met Ala Glu Thr Gly Leu Ser Gly Leu Thr Ala Leu Leu Leu
85 90 95

Ala Asp Leu Ala Pro Ala Ala Val Ser Val Pro Leu Ile Ala Ala Asp

100 105 110
Cys Asp Ala Val Asp Leu Leu His Arg Leu Arg Gly Leu Gly Tyr Ala

115 120 125
Gly Arg Val Ile Val Arg Cys Pro Pro Leu Pro Ala Pro Asp Leu Val
130 135 140

Glu Arg Glu Leu Ser Arg His Ala Ala Gly Leu Ala Ile Asn Leu Val
145 150 155 160
Ala Gly Asp
<210> SEQ ID NO 111
<211> LENGTH: 1344
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 111
gtgctgacge gacttcatta tcggattcac acgagectceg aacgcatcct tecggagegt 60
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cggettttte ttaaatccga tagcgacacg cgettcatee ggetecgace cgtgacgcag 120
ctegecgete tegeeggegg cacgctecte gtaagcetgga cgatcectege cacctcecate 180
gtgctgatgyg actcggtgac cgcgggegge acccegegacce agacccageg ccagcaggeg 240
ctctacgaat cccgectcaa tgccctetee gecgaccgeg accgecgege cgacgaagece 300
gtgcgegege aggageggtt caacctegeg ctegecgagg tcetcegaagat gcagacggeg 360
ctectegeca ccgaggatceg ccgcaaggaa ctegagacceyg gcatcgaggt gctgcaggac 420
acgctgatce gcaccatcaa ggaacgcgac gacgcccgeg aggagtccga gcegegtgacyg 480
gtegegetygyg ccgaacagac cggcteggeg cgcaccgacg getcegeggat ggecgatgece 540
gaggcgacge tcgaccagcet gtcectccacg ctegeggeca cegeccgeca gegtgacgac 600
atggccaatg ccgtgetett ggccaaggaa gagaccgagyg aggtcectgca ggagaaggcece 660
gagcttcagyg cgcgcaacga cctcatctte ggceggeteg aggaageggt gaccgtceteg 720
atggaaccgce tcgacaagat gttccgegece gegggectet cgaccgacte gcetgetgaag 780
caggtgcgee geggetatte gggtcaggge ggeccactet cgaagctgac ggtctcgaca 840
atgggcggeg gcegatctcac ccccgaggag cgecgcegeca acgagatcct gaacgggcete 900
gaccgcatga acctctaccg gctegeggece accaaggege ccettetegat gecggtcaag 960
accgecttee gctacaccte gggcttegge gggegcaacyg accegttegyg gegeggcaac 1020
cgecgecacyg agggcatcga catggecgge gegagceggea gceccgatcta ttccaccgece 1080
gacggcegtygyg tgatccagge gggcacggcece agceggctatg gcaaggtcat caagatcege 1140
cacgagtteg gcatccagac cgtctacgge cacctgtece gaatccegggt ggagaaggga 1200
caaagggtat cgcgeggcega ccggateggt gatatggget caacaggecyg gtccaccgge 1260
acccatctte actatgaggt ccgcgtggac ggctcecgeccg tcaacccgat gaccttcatce 1320
aaggcggcga aagatgtttt ctaa 1344
<210> SEQ ID NO 112
<211> LENGTH: 447
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 112
Met Leu Thr Arg Leu His Tyr Arg Ile His Thr Ser Leu Glu Arg Ile
1 5 10 15
Leu Pro Glu Arg Arg Leu Phe Leu Lys Ser Asp Ser Asp Thr Arg Phe
20 25 30
Ile Arg Leu Arg Pro Val Thr Gln Leu Ala Ala Leu Ala Gly Gly Thr
35 40 45
Leu Leu Val Ser Trp Thr Ile Leu Ala Thr Ser Ile Val Leu Met Asp
50 55 60
Ser Val Thr Ala Gly Gly Thr Arg Asp Gln Thr Gln Arg Gln Gln Ala
65 70 75 80
Leu Tyr Glu Ser Arg Leu Asn Ala Leu Ser Ala Asp Arg Asp Arg Arg
85 90 95
Ala Asp Glu Ala Val Arg Ala Gln Glu Arg Phe Asn Leu Ala Leu Ala
100 105 110
Glu Val Ser Lys Met Gln Thr Ala Leu Leu Ala Thr Glu Asp Arg Arg
115 120 125
Lys Glu Leu Glu Thr Gly Ile Glu Val Leu Gln Asp Thr Leu Ile Arg

130

135

140
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Thr Ile Lys
145

Val Ala Leu

Met Ala Asp

Ala Thr Ala

195

Lys Glu Glu
210

Arg Asn Asp
225

Met Glu Pro

Ser Leu Leu

Leu Ser Lys

275

Glu Glu Arg
290

Leu Tyr Arg
305

Thr Ala Phe

Gly Arg Gly

Gly Ser Pro

355

Thr Ala Ser
370

Ile Gln Thr
385

Gln Arg Val

Arg Ser Thr

Pro Val Asn
435

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

Glu Arg Asp Asp Ala
150

Ala Glu Gln Thr Gly

165

Ala Glu Ala Thr Leu

180

Arg Gln Arg Asp Asp

200

Thr Glu Glu Val Leu

215

Leu Ile Phe Gly Arg
230

Leu Asp Lys Met Phe

245

Lys Gln Val Arg Arg

260

Leu Thr Val Ser Thr

280

Arg Ala Asn Glu Ile

295

Leu Ala Ala Thr Lys
310

Arg Tyr Thr Ser Gly

325

Asn Arg Arg His Glu

340

Ile Tyr Ser Thr Ala

360

Gly Tyr Gly Lys Val

375

Val Tyr Gly His Leu
390

Ser Arg Gly Asp Arg

405

Gly Thr His Leu His

420

Pro Met Thr Phe Ile

D NO 113
H: 1173
DNA

<400> SEQUENCE: 113

atgttcgacyg

gcgaatgect

aagagcaccg

ttgccggact

gecttetege

gacgagatct

aaagcccagg

ataccacccce

ccagagcgga

gectgcaccey

tcgagaattyg

tcctggecga

ggcaggacga

acgtcgaggg

440

gatgatcgag

ggagatgcgc

cgecttecag

catcgegetyg

gcacgegcac

tccegacacy

cggegteage

Arg

Ser

Asp

185

Met

Gln

Leu

Arg

Gly

265

Met

Leu

Ala

Phe

Gly

345

Asp

Ile

Ser

Ile

Tyr

425

Lys

Glu

Ala

170

Gln

Ala

Glu

Glu

Ala

250

Tyr

Gly

Asn

Pro

Gly

330

Ile

Gly

Lys

Arg

Gly

410

Glu

Ala

sphaeroides

Glu

155

Arg

Leu

Asn

Lys

Glu

235

Ala

Ser

Gly

Gly

Phe

315

Gly

Asp

Val

Ile

Ile

395

Asp

Val

Ala

cgegtecgeyg

gaggtgccga

ccgaaggect

atcgccacceyg

cagatcgege

gtctgetect

ttctegggey

Ser Glu Arg

Thr Asp Gly

Ser Ser Thr
190

Ala Val Leu
205

Ala Glu Leu
220

Ala Val Thr

Gly Leu Ser

Gly Gln Gly
270

Gly Asp Leu
285

Leu Asp Arg
300

Ser Met Pro

Arg Asn Asp

Met Ala Gly
350

Val Ile Gln
365

Arg His Glu
380

Arg Val Glu

Met Gly Ser

Arg Val Asp
430

Lys Asp Val
445

cgatccettee
aggagaacat
atggcggget

cctgegggte

tctattcgaa
cttegatege

agttcggetyg

Val Thr
160

Ser Arg
175

Leu Ala

Leu Ala

Gln Ala

Val Ser
240

Thr Asp
255

Gly Pro

Thr Pro

Met Asn

Val Lys
320

Pro Phe
335

Ala Ser

Ala Gly

Phe Gly

Lys Gly
400

Thr Gly
415

Gly Ser

Phe

ccggattgeg
cgacctgete
cgagatgeceg
caccgectygyg
gcaattgcag

cccttacgga

gththggC

60

120

180

240

300

360

420
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tgcgatcacyg cgcaatgggce gatccttgge ttectgegeg acacgcccga aggcggcaag 480
gtctacaget tegecatcct tcececgcage gactatgaga tcaaggacac ctggttcacce 540
geegggatge ggggcaccgg ctcgaagacce ctegtggtca gggacgectt cgtgcccgag 600
caccggateg agaccgtgcece ggcgctgatg actctgaccet cggegggegyg cggectctat 660
cceggaagea ccacctatca tgtgcectte atctacgtet tegecagetyg cttetecgece 720
gtgtctetgyg gecatcgegga geggatgatce cagcetttaca ccgageggac acggaaccge 780
gteecgegect acaccggcege caaggtgagt cagtccatte cegectgeat gegtetggeg 840
gaaagcacge atcaggtgge cgcgggecgg gecttecteg agaagacctg ggaggacatg 900
cgegaccacg ccgagegecg cgtcettteeg gacgagacca ggatggectt ctggeggace 960
aatcaggcct atgcggtgaa gatgttegte gctgeggtgg accggcectgtt cgaagegtcece 1020
ggcggategt cctggttcga cgatgccgaa gggcagcgec tgttceccgega cgcgcacatg 1080
actgeccgece acgectacac cgactacgac atctgegece agatcctegyg gegggegetg 1140
atggggctgg agcgggatcce ctccectgtte tga 1173

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 114
H: 390
PRT

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 114

Met Phe Asp
1

Pro Arg Ile
Pro Lys Glu
35

Phe Gln Pro
50

Glu Asn Cys
65

Ala Phe Ser

Lys Gln Leu

Ser Ser Ser
115

Val Arg Phe
130

Gln Trp Ala
145

Val Tyr Ser

Thr Trp Phe

Val Arg Asp

195

Leu Met Thr
210

Thr Tyr His
225

Asp Thr Thr Pro Met

5

Ala Ala Asn Ala Ser

20

Asn Ile Asp Leu Leu

40

Lys Ala Tyr Gly Gly

55

Ile Ala Leu Ile Ala

70

Leu Leu Ala Glu His

85

Gln Asp Glu Ile Trp

100

Ile Ala Pro Tyr Gly

120

Ser Gly Glu Phe Gly

135

Ile Leu Gly Phe Leu
150

Phe Ala Ile Leu Pro

165

Thr Ala Gly Met Arg

180

Ala Phe Val Pro Glu

200

Leu Thr Ser Ala Gly

215

Val Pro Phe Ile Tyr
230

eroides

Ile Glu Arg
10

Arg Ala Glu
25

Lys Ser Thr

Leu Glu Met

Thr Ala Cys

75

Ala His Gln
90

Gln Asp Asp
105

Lys Ala Gln

Trp Ser Ser

Arg Asp Thr
155

Arg Ser Asp
170

Gly Thr Gly
185

His Arg Ile

Gly Gly Leu

Val Phe Ala
235

Val Arg Ala
Glu Met Arg
30

Gly Leu His
45

Pro Leu Pro
60

Gly Ser Thr

Ile Ala Leu

Pro Asp Thr

110

Asp Val Glu
125

Gly Cys Asp
140

Pro Glu Gly

Tyr Glu Ile
Ser Lys Thr
190

Glu Thr Val
205

Tyr Pro Gly
220

Ser Cys Phe

Ile Leu

Glu Val

Arg Ala

Asp Phe

Ala Trp

Tyr Ser

95

Val Cys

Gly Gly

His Ala

Gly Lys

160

Lys Asp

175

Leu Val

Pro Ala

Ser Thr

Ser Ala
240
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Val Ser Leu

Thr Arg Asn

Ile Pro Ala

275

Gly Arg Ala
290

Glu Arg Arg
305

Asn Gln Ala

Phe Glu Ala

Arg Leu Phe

355

Tyr Asp Ile
370

Arg Asp Pro
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Ile Ala Glu Arg

245

Arg Val Arg Ala Tyr

260

Cys Met Arg Leu Ala

280

Phe Leu Glu Lys Thr

295

Val Phe Pro Asp Glu
310

Tyr Ala Val Lys Met

325

Ser Gly Gly Ser Ser

340

Arg Asp Ala His Met

360

Cys Ala Gln Ile Leu

375

Ser Leu Phe
390

D NO 115
H: 696
DNA

Met Ile Gln
250

Thr Gly Ala
265

Glu Ser Thr

Trp Glu Asp

Thr Arg Met

315

Phe Val Ala
330

Trp Phe Asp
345

Thr Ala Ala

Gly Arg Ala

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 115

atgagcegeg
acctatcteg
cacceggect
atgcaggatg
gectegatga
aatgtctteg
accggecgga
gtctatgeceyg
gegeccatgg
ggcgeegtge
ggcaagatgg
gtgaccggee
<210> SEQ I

<211> LENGT.
<212> TYPE:

tcatcgecat
cgegeggety
atcgccacta
tgcgceggac
accatgeget
gcaccttect
tcgtgaactt
cctecaagge
gcatcaccgt
ccgaggagaa
aggatgtgcet
agacgatcta
D NO 116

H: 231
PRT

caccggeacyg

gaccgtegte

cacgctegac

gcatggacgg

getgaccece

gttetgecge

cgccacegty

cgcggtegtg

caatgcegtyg

gatgcgegeg

caacgtctge

tctcggaggg

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 116

Met Ser Arg Val Ile Ala Ile Thr

1

Ala Leu Ala Glu Thr Tyr Leu

5

20

Ser Arg Asp Ala Ser Asp Leu Thr

35

40

cgcaagggca
ggctgetege
gtggeccgacg
ctcgacgege
ggcagcacgg
gaggcegeca
gecacgeege
tcgetgaceyg
gggecgacee
ctgategece
gacttecttee

gtctga

eroides

Leu Tyr Thr
Lys Val Ser
270

His Gln Val
285

Met Arg Asp
300

Ala Phe Trp

Ala Val Asp

Asp Ala Glu

350

His Ala Tyr
365

Leu Met Gly
380

teggeegege
gcgatgcgag
agcgggeggt
ttctgaacaa
tcgagegggt
agctgatggyg
tcaagctega
aggtgcetgge
cggtgeccac
ggcaggccat

tgcgcgacga

Glu Arg
255

Gln Ser

Ala Ala

His Ala

Arg Thr

320

Arg Leu
335

Gly Gln

Thr Asp

Leu Glu

getggecgag
cgacctcacy
cgegggcatyg
tgcecggeatce
gttegegace
cegecgecge
gggegaggeg
gegegagetg
cgacctegte
tcecgegetac

atccgattte

Gly Thr Arg Lys Gly Ile Gly Arg

10

25

30

15

Ala Arg Gly Trp Thr Val Val Gly Cys

His Pro Ala Tyr Arg His Tyr Thr

45

60

120

180

240

300

360

420

480

540

600

660

696
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Leu Asp Val
Arg Arg Thr
65

Ala Ser Met

Val Phe Ala

Ala Lys Leu

115

Thr Val Ala
130

Ser Lys Ala
145

Ala Pro Met

Thr Asp Leu

Ala Arg Gln

195

Val Cys Asp
210

Thr Ile Tyr
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Asp Glu Arg Ala

His Gly Arg Leu Asp

70

Asn His Ala Leu Leu

85

Thr Asn Val Phe Gly

100

Met Gly Arg Arg Arg

120

Thr Pro Leu Lys Leu

135

Ala Val Val Ser Leu
150

Gly Ile Thr Val Asn

165

Val Gly Ala Val Pro

180

Ala Ile Pro Arg Tyr

200

Phe Phe Leu Arg Asp

215

Leu Gly Gly Val
230

D NO 117
H: 1230
DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 117

atgegeegeg

gaagtggaag

caccacggcet

gacaagcgcg

caggcgatca

gtgatgggct

gagaagggct

aactcggect

gectgeteca

caggacatcg

gacgcgatgg

ttcgacgeca

gagctegage

gecacctegyg

ngCtggCgC

acctecgacge

ggcaaggtte

ggCgthan

tcgtcatcac

cgagectgeg

tccgecageca

acctgegett

aggattcggg

¢gggegggec

cgcccaageg

gecttgecac

ccteggecca

tcttegeegy

gggccatgte

¢gcegegacgyg

atgcgetgge

acggggccga

tcggcacget

ccgcgggcga

cgcecgatete

aggcgatcta

cgggatcggc

cgeceggeage

gatccacggyg

catgggegec

cctegaggec

gtcgaccteg

gatgggtcce
geccttcaag

ttgcatcgge

¢ggcggggaa

gtcgaaatac

gttegtgate

gcgeggegcey

catggtggcg

gececgagggy

cgtgaccgag

ctccaccaag

ttcgatcetyg

Val Ala Gly
Ala Leu Leu
75

Thr Pro Gly
90

Thr Phe Leu
105

Thr Gly Arg

Glu Gly Glu

Thr Glu Val

155

Ala Val Gly
170

Glu Glu Lys
185

Gly Lys Met

Glu Ser Asp

eroides

atcgtctege
tcgggeatcet
atgccegatce
ggagcegect
accgaggtcet
aacttcttee
ttcatggtga
atcaagggceg
aacggcaccyg
gagctegact
aacgatgege
gegggeggeyg
aagatctatg
cegtegggeyg
cgecegggteg
gtgcgegega
tcgeteaceyg

atgatgcagg

Met Met Gln
60

Asn Asn Ala

Ser Thr Val

Phe Cys Arg

110

Ile Val Asn
125

Ala Val Tyr
140

Leu Ala Arg

Pro Thr Pro

Met Arg Ala

190

Glu Asp Val
205

Phe Val Thr
220

cgatcgggaa
ccttetegga
tcgtgetega
acaacttcat
cgaacccgeg
aggcccacaa
cgegetgeat
tgaactattc
agctgatcca
ggacgctete
ccgagaccge
geggegtggt
ccgaagtgac
aaggcggcga
attacatcaa
tceggeggat

gecatteget

gegactteat

Asp Val
Gly Ile
80

Glu Arg
95

Glu Ala

Phe Ala

Ala Ala

Glu Leu
160

Val Pro
175

Leu Ile

Leu Asn

Gly Gln

caatgccgec
ggactatgce
ggaccatgte
cgcgatggag
caccggtete
gatcgtcate
gagctcegace
gatcaccteg
gatgggcaag
ctgectette
ctegeggecy
cgtgctggaa
cggctacggg
geggtegatg
cgcacacgge
ctteggegag
gggggcecace

cgeggecteg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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gccaacgtga cccagctcga ceccgagate cagccggacg agatcgecac caccctgege

gagggggtcg agatcgactc ggtectgtee aacagetteg getteggegyg caccaacgec

agtctgctee tgagcaagtt caacaactga

<210> SEQ ID NO 118

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Asn

Ile

Leu

65

Gln

Arg

Phe

Gly

Leu

145

Ala

Gln

Asp

Lys

Arg

225

Glu

Thr

Gly

Glu

Ala
305

Gly

Leu

Arg

Asn

Ser

Gly

Arg

Ala

Thr

Gln

Pro

130

Ala

Cys

Met

Trp

Tyr

210

Asp

Leu

Gly

Glu

Gly
290
Gly

Lys

Gly

Arg

Ala

Phe

35

Met

Phe

Ile

Gly

Ala

115

Phe

Thr

Ser

Gly

Thr

195

Asn

Gly

Glu

Tyr

Gly

275

Arg

Asp

Val

Ala

Val

Ala

20

Ser

Pro

Met

Lys

Leu

100

His

Met

Pro

Thr

Lys

180

Leu

Asp

Phe

His

Gly

260

Gly

Arg

Val

Pro

Thr

409

Rhodobacter

118

Val Ile
5

Glu Val

Glu Asp

Asp Leu

Gly Ala
70

Asp Ser
85

Val Met

Lys Ile

Val Thr

Phe Lys
150

Ser Ala
165

Gln Asp

Ser Cys

Ala Pro

Val Ile
230

Ala Leu
245

Ala Thr

Glu Arg

Val Asp

Thr Glu
310

Pro Ile
325

Gly Val

Thr

Glu

Tyr

Val

55

Gly

Gly

Gly

Val

Arg

135

Ile

His

Ile

Leu

Glu

215

Ala

Ala

Ser

Ser

Tyr
295
Val

Ser

His

sphaeroides

Gly

Ala

Ala

40

Leu

Ala

Leu

Ser

Ile

120

Cys

Lys

Cys

Val

Phe

200

Thr

Gly

Arg

Asp

Met

280

Ile

Arg

Ser

Glu

Ile

Ser

25

His

Glu

Ala

Glu

Gly

105

Glu

Met

Gly

Ile

Phe

185

Asp

Ala

Gly

Gly

Gly

265

Arg

Asn

Ala

Thr

Ala

Gly

10

Leu

His

Asp

Tyr

Ala

90

Gly

Lys

Ser

Val

Gly

170

Ala

Ala

Ser

Gly

Ala

250

Ala

Leu

Ala

Ile

Lys
330

Ile

Ile

Arg

Gly

His

Asn

75

Thr

Pro

Gly

Ser

Asn

155

Asn

Gly

Met

Arg

Gly

235

Lys

Asp

Ala

His

Arg

315

Ser

Tyr

Val

Ala

Phe

Val

60

Phe

Glu

Ser

Ser

Thr

140

Tyr

Gly

Gly

Gly

Pro

220

Val

Ile

Met

Leu

Gly
300
Arg

Leu

Ser

Ser

Gly

Arg

45

Asp

Ile

Val

Thr

Pro

125

Asn

Ser

Thr

Gly

Ala

205

Phe

Val

Tyr

Val

Gly

285

Thr

Ile

Thr

Ile

Pro

Arg

30

Ser

Lys

Ala

Ser

Ser

110

Lys

Ser

Ile

Glu

Glu

190

Met

Asp

Val

Ala

Ala

270

Thr

Ser

Phe

Gly

Leu

Ile

15

Ser

Gln

Arg

Met

Asn

95

Asn

Arg

Ala

Thr

Leu

175

Glu

Ser

Ala

Leu

Glu

255

Pro

Leu

Thr

Gly

His

335

Met

Gly

Gly

Ile

Asp

Glu

80

Pro

Phe

Met

Cys

Ser

160

Ile

Leu

Ser

Thr

Glu

240

Val

Ser

Pro

Pro

Glu
320

Ser

Met
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340 345 350
Gln Gly Asp Phe Ile Ala Ala Ser Ala Asn Val Thr Gln Leu Asp Pro
355 360 365
Glu Ile Gln Pro Asp Glu Ile Ala Thr Thr Leu Arg Glu Gly Val Glu
370 375 380
Ile Asp Ser Val Leu Ser Asn Ser Phe Gly Phe Gly Gly Thr Asn Ala
385 390 395 400
Ser Leu Leu Leu Ser Lys Phe Asn Asn
405
<210> SEQ ID NO 119
<211> LENGTH: 510
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 119
atggcggact atccgacgag cttcgacaaa gaggcgcetge tggettgege geggggcgag 60
ctetteggge ctggcaatge ccagcteceg ttgecgecga tgctgatgat ggaccgeate 120
accgacattt cggccgatgg cgggctgecat ggcaagggge atgtegtgge cgagttcgac 180
atccatcceg acctatggtt cttcgaatge catttcecegg gcaatccagt catgecggge 240
tgccteggge tcegacgggcet ctggcagete acgggcttea accteggetyg gegeggetgg 300
cagggccagg gcttegeget cggegtggge gaggtgaage tcetegggeat ggtecgeccyg 360
gaccgcaage tcegtcaccta ccacgtcgat ttcaccegeg tgatcgaccg cegectcaag 420
atgggegtgg cggacggecg cgtcttegee gatggcgaag agatctacag cgtcaaggac 480
atgaaagtcg gtctggcege tgcggcectga 510
<210> SEQ ID NO 120
<211> LENGTH: 169
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 120
Met Ala Asp Tyr Pro Thr Ser Phe Asp Lys Glu Ala Leu Leu Ala Cys
1 5 10 15
Ala Arg Gly Glu Leu Phe Gly Pro Gly Asn Ala Gln Leu Pro Leu Pro
20 25 30
Pro Met Leu Met Met Asp Arg Ile Thr Asp Ile Ser Ala Asp Gly Gly
35 40 45
Leu His Gly Lys Gly His Val Val Ala Glu Phe Asp Ile His Pro Asp
50 55 60
Leu Trp Phe Phe Glu Cys His Phe Pro Gly Asn Pro Val Met Pro Gly
65 70 75 80
Cys Leu Gly Leu Asp Gly Leu Trp Gln Leu Thr Gly Phe Asn Leu Gly
85 90 95
Trp Arg Gly Trp Gln Gly Gln Gly Phe Ala Leu Gly Val Gly Glu Val
100 105 110
Lys Leu Ser Gly Met Val Arg Pro Asp Arg Lys Leu Val Thr Tyr His
115 120 125
Val Asp Phe Thr Arg Val Ile Asp Arg Arg Leu Lys Met Gly Val Ala
130 135 140
Asp Gly Arg Val Phe Ala Asp Gly Glu Glu Ile Tyr Ser Val Lys Asp
145 150 155 160
Met Lys Val Gly Leu Ala Ala Ala Ala
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165
<210> SEQ ID NO 121
<211> LENGTH: 1161
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 121
atggcagcegg aaccgatcgt gatcgegggg geggcegegga cgecgatggyg cgcectttcag 60
ggtgcgcetceca agggccggac gggggtcgag cteggegegyg cggcgatcte ggecgegete 120
gegegggegy gectegecee cgaggeggte gaggaggteg tgatgggetg cgtgetgecce 180
gegggecteyg ggcaggcegee ggcgeggcag geggetetgg gegegggget gecgetceteg 240
gtgccctgeyg ctacgctgaa caaggtctge ggctcegggga tgaaggecge catggccgeg 300
catgacatga tccgggeggg cagcgeggge ategtegteg cgggceggtat ggagagcatg 360
tcgaacgege cctatctget cgacaaggeg cgeggcegget accggatcegyg gcatgggege 420
gtgctggace acatgttcct cgacgggctce gaggatgect acgaccgegg cegegcecatg 480
ggcacctteg ccgaggattg cgccgaggcece taccagttca cecgcgacgce gcaggatgece 540
tatgegetgg cctegetgge ccgggegeag geggecattyg cegaggggeyg cttegeggece 600
gaggtggtygyg cagtggacgg ggtggeggtt gacgaggccce cgggecgege cegecccgag 660
aagatccccee agctcaggcece cgecttecge gagggceggea cggtgacgge ggccaacagce 720
tectegatet cggacgggge ggcggegete gtgatcegect cggecggege ggccgaggceyg 780
caggggctga cccegetege cacgatccge ggecatgcaa gcecatgcegea ggcgecgaac 840
ctttttacca cggcgecgat cttcegecate gggaagette tegageggtt gggetggage 900
geggecgagyg tcegatctett cgagatcaac gaggcettteg cagtggtgge catggccgeg 960
atgcgegace tagacctgcce ccacgacaag gtcaatgtga acggcggege ctgegegete 1020
ggccatcega teggetgete gggggcgegg atcgtggtga ctttgatcga ggegectgegyg 1080
gegeggggat tgagacgcegg cgtggecteg ctetgeateg geggceggega ggcgacggeyg 1140
ctggcggtgg aggtgatctg a 1161
<210> SEQ ID NO 122
<211> LENGTH: 386
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 122
Met Ala Ala Glu Pro Ile Val Ile Ala Gly Ala Ala Arg Thr Pro Met
1 5 10 15
Gly Ala Phe Gln Gly Ala Leu Lys Gly Arg Thr Gly Val Glu Leu Gly

20 25 30
Ala Ala Ala Ile Ser Ala Ala Leu Ala Arg Ala Gly Leu Ala Pro Glu
35 40 45
Ala Val Glu Glu Val Val Met Gly Cys Val Leu Pro Ala Gly Leu Gly
50 55 60

Gln Ala Pro Ala Arg Gln Ala Ala Leu Gly Ala Gly Leu Pro Leu Ser
65 70 75 80
Val Pro Cys Ala Thr Leu Asn Lys Val Cys Gly Ser Gly Met Lys Ala

85 90 95
Ala Met Ala Ala His Asp Met Ile Arg Ala Gly Ser Ala Gly Ile Val

100 105 110
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Val Ala Gly
115

Lys Ala Arg
130

Met Phe Leu
145

Gly Thr Phe

Ala Gln Asp

Ile Ala Glu

195

Ala Val Asp
210

Leu Arg Pro
225

Ser Ser Ile

Ala Ala Glu

Ala Ser His

275

Ala Ile Gly
290

Asp Leu Phe
305

Met Arg Asp

Ala Cys Ala

Val Thr Leu
355

Ala Ser Leu
370

385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Gly Met Glu Ser Met

120

Gly Gly Tyr Arg Ile

135

Asp Gly Leu Glu Asp
150

Ala Glu Asp Cys Ala

165

Ala Tyr Ala Leu Ala

180

Gly Arg Phe Ala Ala

200

Glu Ala Pro Gly Arg

215

Ala Phe Arg Glu Gly
230

Ser Asp Gly Ala Ala

245

Ala Gln Gly Leu Thr

260

Ala Gln Ala Pro Asn

280

Lys Leu Leu Glu Arg

295

Glu Ile Asn Glu Ala
310

Leu Asp Leu Pro His

325

Leu Gly His Pro Ile

340

Ile Glu Ala Leu Arg

360

Cys Ile Gly Gly Gly

D NO 123
H: 693
DNA

375

Ser

Gly

Ala

Glu

Ser

185

Glu

Ala

Gly

Ala

Pro

265

Leu

Leu

Phe

Asp

Gly

345

Ala

Glu

Asn

His

Tyr

Ala

170

Leu

Val

Arg

Thr

Leu

250

Leu

Phe

Gly

Ala

Lys

330

Cys

Arg

Ala

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 123

atgccggatt

caggegetee

ceggtggate

ggcttcatge

cacaaggcect

gacacctace

acctgegace

gatctctatt

ctgggegtgg

ttcctecegt

atgacatcat

ccgaggeget

agccgtggaa

tcegeegege

gegegetgaa

gegacegety

cgaccgtetyg

gctgggtcag

cgagcegage

c¢gccgagagyg

gegecgggtyg

cttectectyg

caacgacgag

gctgcagggc

cggcgaggtyg

cgcggtgcag

catctaccge

Ala

Gly

Asp

155

Tyr

Ala

Val

Pro

Val

235

Val

Ala

Thr

Trp

Val

315

Val

Ser

Gly

Thr

ceggegeged

cgcgacgtge

ctcgaggeeyg

atccgegatg

geggegetge

atcctgaagg

gtgctgggge

aacctetgge

daggaggagce

Pro Tyr Leu
125

Arg Val Leu
140

Arg Gly Arg

Gln Phe Thr

Arg Ala Gln

190

Ala Val Asp
205

Glu Lys Ile
220

Thr Ala Ala

Ile Ala Ser

Thr Ile Arg
270

Thr Ala Pro
285

Ser Ala Ala
300

Val Ala Met

Asn Val Asn

Gly Ala Arg
350

Leu Arg Arg
365

Ala Leu Ala
380

gettcaccga
gcgacgagtt
cgcaccgege
cegegegeag
tctteccega
cgcegetceaa
ggacccacaa
tegecgegey

tgcgggcgat

Leu Asp

Asp His

Ala Met

160

Arg Asp
175

Ala Ala

Gly Val

Pro Gln

Asn Ser
240

Ala Gly
255

Gly His

Ile Phe

Glu Val

Ala Ala
320

Gly Gly
335

Ile Val

Gly Val

Val Glu

aaccgagegt
cctgeecggat
geccteggtyg
ggcegaggte
ggagaagcgce
catctgegte
tccegagatyg
ggcegagggg

ccteggeate

60

120

180

240

300

360

420

480

540
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ccecgagegeg tcaagategt ggectatete tgegtgggece atgtggacceg cttctacage

gegecggaac tggecttgaa gggttggegt cageggetge cgetcgacga tctgetcatg

gaggaaggct ggcaggccga ccgegetttg tga

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 124
H: 230
PRT

ISM: Rhodobacter spha

<400> SEQUENCE: 124

Met Pro Asp
1

Glu Thr Glu
Val Arg Asp

35
Arg Val Leu
Pro Trp Asn
65

His Lys Ala

Glu Glu Lys

Lys Ala Pro

115

Glu Val Val
130

Thr Val Cys
145

Leu Gly Val

Ile Leu Gly

Gly His Val

195

Trp Arg Gln
210

Gln Ala Asp
225

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Pro Pro Val Glu

5

Arg Gln Ala Leu His

20

Glu Phe Leu Pro Asp

40

Glu Ala Ala His Arg

Phe Leu Leu Ile Arg

70

Phe Arg Arg Ala Asn

85

Arg Asp Thr Tyr Arg

100

Leu Asn Ile Cys Val

120

Leu Gly Arg Thr His

135

Ala Val Gln Asn Leu
150

Gly Trp Val Ser Ile

165

Ile Pro Glu Arg Val

180

Asp Arg Phe Tyr Ser

200

Arg Leu Pro Leu Asp

215

Arg Ala Leu
230

D NO 125
H: 786
DNA

eroides

Pro Arg Pro Ala Arg Arg
10

Asp Ile Ile Ala Glu Arg
25 30

Pro Val Asp Pro Glu Ala
45

Ala Pro Ser Val Gly Phe
60

Asp Ala Ala Arg Arg Ala
75

Asp Glu Ala Ala Leu Leu
90

Ala Leu Lys Leu Gln Gly
105 110

Thr Cys Asp Arg Asp Arg
125

Asn Pro Glu Met Asp Leu
140

Trp Leu Ala Ala Arg Ala
155

Tyr Arg Glu Glu Glu Leu
170

Lys Ile Val Ala Tyr Leu
185 190

Ala Pro Glu Leu Ala Leu
205

Asp Leu Leu Met Glu Glu
220

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 125

atggatctgg

ggcgccateyg

ctegeegegy

ctegectggy

gagctgggcc

gecegggeagy

gcatcagagg

ccegeteget

ccgaagecac

atctggecga

cggtcgacat

aggcecgeget

caagacggceg

cgececegegag

c¢gcecgaggey

ccteggegec

cctegtgaac

CtggCgCgCg

ctggttetgg gegegggedgyg

ggegegeggg tggegetcegg

atcecgggecyg agggceggcac

atcgagacga acgtgagect

aacacgggceyg ggccgaagcec

agcttegagt ccatggtget

Phe Thr
15

Arg Asp

Leu Arg

Met Gln

Glu Val
80

Phe Pro
95

Ile Leu

Cys Gly

Tyr Ser

Glu Gly
160

Arg Ala
175

Cys Val

Lys Gly

Gly Trp

gggcctcgge
cgacatcgac
ggcgetgecg
gatcgaggcce
ctcgecgate

ctcggtcate

600

660

693

60

120

180

240

300

360
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tccatcacceg accgegtgcet gecgggcatg aaggcccgca aatggggccg catcatcacce 420
tcgacctegt cgggegtggt ggegccgatce ccgaaccteg gectgtcegaa cgcegetgege 480
atctegeteg tgggetggte gaagacgcte gegegegagg tgggccgcga cggcatcacg 540
gccaacgteg tgctgccegg cegcegtegec accaagcgca tcaccttect cgacgagcag 600
aaggccgege gcgaaggccg ggccegtggece gaagtggceeg ccgagagcegt ggcectcegatce 660
cecgceteggec gctatggtca gecccgaggaa tatggcgatg ccegtggectt cctegectceg 720
gccegegect cctacatcac cggcagcacc atccgcatceg acggcggect gatcgecage 780
gtctga 786

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 126
H: 261
PRT

ISM: Rhodobacter

<400> SEQUENCE: 126

Met Asp Leu
1

Gly Gly Leu
Arg Val Ala

35
Glu Ala Ile
Leu Ala Asp
65

Glu Leu Gly

Pro Ser Pro

Glu Ser Met

115

Gly Met Lys
130

Gly Val Val
145

Ile Ser Leu

Asp Gly Ile

Arg Ile Thr
195

Val Ala Glu
210

Tyr Gly Gln
225

Ala Arg Ala

Leu Ile Ala

<210> SEQ I
<211> LENGT.

Gly Ile Arg Gly Lys

5

Gly Gly Ala Ile Ala

20

Leu Gly Asp Ile Asp

40

Arg Ala Glu Gly Gly

Leu Gly Ala Ile Glu

70

Pro Val Asp Ile Leu

85

Ile Ala Gly Gln Glu

100

Val Leu Ser Val Ile

120

Ala Arg Lys Trp Gly

135

Ala Pro Ile Pro Asn
150

Val Gly Trp Ser Lys

165

Thr Ala Asn Val Val

180

Phe Leu Asp Glu Gln

200

Val Ala Ala Glu Ser

215

Pro Glu Glu Tyr Gly
230

Ser Tyr Ile Thr Gly

245
Ser Val

260

D NO 127
H: 1092

Thr

Arg

25

Leu

Thr

Thr

Val

Ala

105

Ser

Arg

Leu

Thr

Leu

185

Lys

Val

Asp

Ser

sphaeroides

Ala

10

Ser

Ala

Ala

Asn

Asn

90

Ala

Ile

Ile

Gly

Leu

170

Pro

Ala

Ala

Ala

Thr
250

Leu

Leu

Ala

Leu

Val

75

Asn

Leu

Thr

Ile

Leu

155

Ala

Gly

Ala

Ser

Val
235

Ile

Val Leu Gly
Ala Arg Glu
30

Ala Glu Ala
45

Pro Leu Ala
60

Ser Leu Ile

Thr Gly Gly

Trp Arg Ala

110

Asp Arg Val
125

Thr Ser Thr
140

Ser Asn Ala

Arg Glu Val

Arg Val Ala
190

Arg Glu Gly
205

Ile Pro Leu
220

Ala Phe Leu

Arg Ile Asp

Ala Gly
15

Gly Ala

Thr Ala

Trp Asp

Glu Ala
80

Pro Lys
95

Ser Phe

Leu Pro

Ser Ser

Leu Arg
160

Gly Arg
175

Thr Lys

Arg Ala

Gly Arg

Ala Ser
240

Gly Gly
255
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<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 127
atggctgage tgeggggect cgecccegge ctgteggtgg tgggetacgg catgtggacg 60
gegeteggge cggacggece cacgacggte gegggecteg acgeccgget gategteteg 120
cagtcgggeg acctgegega geccctgace ggegeggeee tecectgett ceggetegeg 180
geccageatt ggtgggeggg gecgagette ctgtcecgaga tgettetgeco cgtecteggyg 240
gaatgcgeceg agcagcetgge cgcactgece gegecgetee ggegaccgge cteggaggtyg 300
ceggtgetga tegeegtgge ceegtgeggg cgteccgeac geceggacga tcetegaggeg 360

cggetgetgyg cggagetega ggeccggetyg gggecgetge cegaaggeag cgeggtegtg 420
ggcgeeggac gggtgggtet gecgecatcetyg atcegegeggg cegeccgaca ggegggeagt 480
cacceggtge agatcctgat cggggtegag agettectte tgcaggagat cgtcgatcac 540
tatgccgace gtcaccgget tttgtecgag gagaacaget cgggettegt gecgggegag 600
geegeggeeyg cgcetgategt ggegeccegyg ggcatggege ceggtetgge getgaaggge 660

cteggegegyg gecgegagece ttegggtgea ggeggeagece gegatgegee ggtgacggge 720

gagggcctca ccgatgegat cegegeggeg ctggeggegg ccegagatccce getcttegac 780
attccgatcet tteteggega cctgaacgge gagcattteca agttcaagga ggegatgate 840
gecacgatge gectegaceg tetgeegece gagaatgtet ceeggeggeco geggggteat 900

ccggaacatt ggaacgcgat cgaggggetg ggagagateg gegeggeget gatgeccgeg 960
cagctegget gggecttega ggegtegegg ageggcecgge tgccgcaggyg ccgggegetyg 1020
gecttegeeyg gegaggacga tggegcacgg gtggcgatceg tegecgetge ggcaggagga 1080
cctgteeggt ga 1092
<210> SEQ ID NO 128

<211> LENGTH: 363

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 128

Met Ala Glu Leu Arg Gly Leu Ala Pro Gly Leu Ser Val Val Gly Tyr
1 5 10 15

Gly Met Trp Thr Ala Leu Gly Pro Asp Gly Pro Thr Thr Val Ala Gly
20 25 30

Leu Asp Ala Arg Leu Ile Val Ser Gln Ser Gly Asp Leu Arg Glu Pro
Leu Thr Gly Ala Ala Leu Pro Cys Phe Arg Leu Ala Ala Gln His Trp
50 55 60

Trp Ala Gly Pro Ser Phe Leu Ser Glu Met Leu Leu Pro Val Leu Gly
65 70 75 80

Glu Cys Ala Glu Gln Leu Ala Ala Leu Pro Ala Pro Leu Arg Arg Pro
85 90 95

Ala Ser Glu Val Pro Val Leu Ile Ala Val Ala Pro Cys Gly Arg Pro
100 105 110

Ala Arg Pro Asp Asp Leu Glu Ala Arg Leu Leu Ala Glu Leu Glu Ala
115 120 125

Arg Leu Gly Pro Leu Pro Glu Gly Ser Ala Val Val Gly Ala Gly Arg
130 135 140

Val Gly Leu Pro His Leu Ile Ala Arg Ala Ala Arg Gln Ala Gly Arg
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-continued
145 150 155 160
His Pro Val Gln Ile Leu Ile Gly Val Glu Ser Phe Leu Leu Gln Glu
165 170 175
Ile Val Asp His Tyr Ala Asp Arg His Arg Leu Leu Ser Glu Glu Asn
180 185 190
Ser Ser Gly Phe Val Pro Gly Glu Ala Ala Ala Ala Leu Ile Val Ala
195 200 205
Pro Arg Gly Met Ala Pro Gly Leu Ala Leu Lys Gly Leu Gly Ala Gly
210 215 220
Arg Glu Pro Ser Gly Ala Gly Gly Ser Arg Asp Ala Pro Val Thr Gly
225 230 235 240
Glu Gly Leu Thr Asp Ala Ile Arg Ala Ala Leu Ala Ala Ala Glu Ile
245 250 255
Pro Leu Phe Asp Ile Pro Ile Phe Leu Gly Asp Leu Asn Gly Glu His
260 265 270
Phe Lys Phe Lys Glu Ala Met Ile Ala Thr Met Arg Leu Asp Arg Leu
275 280 285
Pro Pro Glu Asn Val Ser Arg Arg Pro Arg Gly His Pro Glu His Trp
290 295 300
Asn Ala Ile Glu Gly Leu Gly Glu Ile Gly Ala Ala Leu Met Pro Ala
305 310 315 320
Gln Leu Gly Trp Ala Phe Glu Ala Ser Arg Ser Gly Arg Leu Pro Gln
325 330 335
Gly Arg Ala Leu Ala Phe Ala Gly Glu Asp Asp Gly Ala Arg Val Ala
340 345 350
Ile Val Ala Ala Ala Ala Gly Gly Pro Val Arg
355 360
<210> SEQ ID NO 129
<211> LENGTH: 1968
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 129
atgaccaacg acctcatccg gecgcagegac tecgacggga tegegettet gaccctegee 60
aaccegecegg tgaacgeget gagcectegeg gtgegcecaga ggcetegecege gcetgacggece 120
gagetcgagyg ccgacgagag cgtgegegece gtggtgettyg cggccgaggg cegggtette 180
gteggeggeyg cggacatcge cgagttcgac cgcccgeccg aggcgecgca cctgeccgat 240
gtgatcgeeyg ccatcgagge ctcegeggaag cegtggatceg cggcegcetgaa cggegceggec 300
cteggeggeg gggecgaget tgecgetegge tgecactace ggatcttege ggataccgece 360
cggetgggee tgccggagac gagcectegge cteatcceeyg gegegggegyg cacgcagcege 420
ctgcegegee ggateggect tgctceegee atcgaggtea tcaccgeegyg ccgcaccectyg 480
teggecgeeg aggcegeggga ggcgggectt geggaccgga tegecgeggyg cgagetgate 540
ccegaggege tggecttege ccgcaccecte gacggegece tgceccctgece tgcectetgeg 600
geeecgeteyg cegatccegg gecegectte tgggacgagg cecgegegeg catcgcecagyg 660
geggeccgayg gcaatcccege geccegecgeg gecctegaag cgatccegege gggegtggeg 720
gaaggctteg cegegggtet ccgegecgag cgcgagacct tectgegget cegegetteg 780
gacgaagceyg cggecctgeg ccatctette ttegecgage gtgceggecct gegeccggee 840
geecttegeyg geatcgagee tgtgecccte accegegcag gegtgategg cggeggcacy 900
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atgggcageg gcatcgegge cgecctegee geggecggge tggaggtgeg tcetcactgaa 960
accgggecceg agtcegetege ggecggecte gagegggteg aggecatcett cgaggegeag 1020
gtcaagcgeg ggctgacgga tegggecgge geggceggage ggatggeccyg cgtcacegge 1080
acggtcggtce tecggggcgcet ggcggactgce gatctggtga tcgaggcggt cttcecgaggat 1140
ctcgecgtceca agcecgecgggt gttcgaagag ctggtccegte tttgecgggece cgaggcgatce 1200
cttgccacca acacctecta cctegatece gaacggateg tggagggect gecgcaccece 1260
caccgcttca tecgcgctgca tttettcage ccggcgcagg tgatgaaget getcgagatce 1320
gtgcegetgg cegecaccge gecgegeace ctegecaceg gegtegetet ggeggegegyg 1380
ctcggcaaga tcccggtaca ggcgggcaac ggegagggtt tcatcggecaa ccgcatccte 1440
aagcgctace gegecgagge cgaggetetg ctgetegeag gagecacccee gaccgagate 1500
gacgaggcca tgcgcegectt cggectegge atgggtccecgt tcecgagatgca ggacatggec 1560
gggctegaca tcegectteeg cgegegggayg gecgeccegeg cgetegggea ggacctgecc 1620
gaaggccceceg gagaccgget ggtgegegea ggecgecteg gecgcaagte gggeggegge 1680
tggtacgact atgcgecggg cagecgectt ccecagecgt cgeeggagge agecgetetg 1740
atcgegecte tggtgaccee cggeccgegg ccgageggea cegagattge cgaccgecte 1800
atcgcegeca tggccgagga aggccaacgg atctgegacg agggectege gcagageccce 1860
tcggacatcg atctggtecga ggtgcatgge tacggcttecce ceccgtcacaa ggggggaccyg 1920
atgtttcacg ccgcgcgcaa gacccgaagce cgcacgggcg gagcatga 1968
<210> SEQ ID NO 130
<211> LENGTH: 655
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 130

Met Thr Asn
1

Leu Thr Leu
Gln Arg Leu
35

Arg Ala Val
50

Asp Ile Ala
65

Val Ile Ala

Asn Gly Ala

Tyr Arg Ile
115

Leu Gly Leu
130

Ile Gly Leu
145

Ser Ala Ala

Gly Glu Leu

Asp Leu Ile Arg Arg

5

Ala Asn Pro Pro Val

Ala Ala Leu Thr Ala

40

Val Leu Ala Ala Glu

55

Glu Phe Asp Arg Pro

70

Ala Ile Glu Ala Ser

Ala Leu Gly Gly Gly

100

Phe Ala Asp Thr Ala

120

Ile Pro Gly Ala Gly

135

Ala Pro Ala Ile Glu
150

Glu Ala Arg Glu Ala

165

Ile Pro Glu Ala Leu

180

Ser Asp Ser
10

Asn Ala Leu
25

Glu Leu Glu

Gly Arg Val

Pro Glu Ala
75

Arg Lys Pro
90

Ala Glu Leu
105

Arg Leu Gly

Gly Thr Gln

Val Ile Thr

155

Gly Leu Ala
170

Ala Phe Ala
185

Asp Gly Ile

Ser Leu Ala

Ala Asp Glu
45

Phe Val Gly
60

Pro His Leu

Trp Ile Ala

Ala Leu Gly
110

Leu Pro Glu
125

Arg Leu Pro
140

Ala Gly Arg

Asp Arg Ile

Arg Thr Leu
190

Ala Leu
15

Val Arg

Ser Val

Gly Ala

Pro Asp

80

Ala Leu

Cys His

Thr Ser

Arg Arg

Thr Leu
160

Ala Ala
175

Asp Gly
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Ala

Ala

Asn

225

Glu

Leu

Glu

Pro

Ile

305

Thr

Phe

Glu

Asp

Arg

385

Leu

Leu

Gln

Arg

Pro

465

Lys

Pro

Pro

Arg

Asp

545

Trp

Ala

Gly

Leu

Phe

210

Pro

Gly

Arg

Arg

Leu

290

Ala

Gly

Glu

Arg

Cys

370

Arg

Ala

Pro

Val

Thr

450

Val

Arg

Thr

Phe

Glu

530

Arg

Tyr

Ala

Thr

Pro

195

Trp

Ala

Phe

Ala

Ala

275

Thr

Ala

Pro

Ala

Met

355

Asp

Val

Thr

His

Met

435

Leu

Gln

Tyr

Glu

Glu

515

Ala

Leu

Asp

Ala

Glu
595

Leu

Asp

Pro

Ala

Ser

260

Ala

Arg

Ala

Glu

Gln

340

Ala

Leu

Phe

Asn

Pro

420

Lys

Ala

Ala

Arg

Ile

500

Met

Ala

Val

Tyr

Leu

580

Ile

Pro

Glu

Ala

Ala

245

Asp

Leu

Ala

Leu

Ser

325

Val

Arg

Val

Glu

Thr

405

His

Leu

Thr

Gly

Ala

485

Asp

Gln

Arg

Arg

Ala
565

Ile

Ala

Ala

Ala

Ala

230

Gly

Glu

Arg

Gly

Ala

310

Leu

Lys

Val

Ile

Glu

390

Ser

Arg

Leu

Gly

Asn

470

Glu

Glu

Asp

Ala

Ala
550
Pro

Ala

Asp

Ser Ala Ala Pro Leu Ala Asp Pro Gly
200 205

Arg Ala Arg Ile Ala Arg Ala Ala Arg
215 220

Ala Leu Glu Ala Ile Arg Ala Gly Val
235

Leu Arg Ala Glu Arg Glu Thr Phe Leu
250 255

Ala Ala Ala Leu Arg His Leu Phe Phe
265 270

Pro Ala Ala Leu Arg Gly Ile Glu Pro
280 285

Val Ile Gly Gly Gly Thr Met Gly Ser
295 300

Ala Ala Gly Leu Glu Val Arg Leu Thr
315

Ala Ala Gly Leu Glu Arg Val Glu Ala
330 335

Arg Gly Leu Thr Asp Arg Ala Gly Ala
345 350

Thr Gly Thr Val Gly Leu Gly Ala Leu
360 365

Glu Ala Val Phe Glu Asp Leu Ala Val
375 380

Leu Val Arg Leu Cys Gly Pro Glu Ala
395

Tyr Leu Asp Pro Glu Arg Ile Val Glu
410 415

Phe Ile Ala Leu His Phe Phe Ser Pro
425 430

Glu Ile Val Pro Leu Ala Ala Thr Ala
440 445

Val Ala Leu Ala Ala Arg Leu Gly Lys
455 460

Gly Glu Gly Phe Ile Gly Asn Arg Ile
475

Ala Glu Ala Leu Leu Leu Ala Gly Ala
490 495

Ala Met Arg Ala Phe Gly Leu Gly Met
505 510

Met Ala Gly Leu Asp Ile Ala Phe Arg
520 525

Leu Gly Gln Asp Leu Pro Glu Gly Pro
535 540

Gly Arg Leu Gly Arg Lys Ser Gly Gly
555

Gly Ser Arg Leu Pro Gln Pro Ser Pro
570 575

Pro Leu Val Thr Pro Gly Pro Arg Pro
585 590

Arg Leu Ile Ala Ala Met Ala Glu Glu
600 605

Pro

Gly

Ala

240

Arg

Ala

Val

Gly

Glu

320

Ile

Ala

Ala

Lys

Ile

400

Gly

Ala

Pro

Ile

Leu

480

Thr

Gly

Ala

Gly

Gly

560

Glu

Ser

Gly
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Gln Arg Ile Cys Asp Glu Gly Leu Ala Gln Ser

610

615

Leu Val Glu Val His Gly Tyr Gly
630

625

Met Phe His Ala Ala Arg Lys Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

645
D NO 131
H: 753

DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 131

atgatgagca
atcggeggea
gggacgagge
gaggtgcteg
tegegegecyg
catgtggtga
cgcageggyge
tactteccteg
tgcgeggtge
ctgttectge
gactteccteg
ccegecagea
gectatctea
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

tgatcgacca

geggecacccyg

tgaacgagtc

ctttgeccga

gecatgcegega

tcgaccggat

tcgacatgge

agcgtecegt

accgeeggat

agtacgaggc

ggctggagcc

tcggecggea
aacagaccca
D NO 132

H: 250
PRT

cggacccgat

cgtegtegec

ggaagacaat

tggggectte

dgccgggeayg

cctegeggec

ctteteegee

ggccgagccg

cagcgeectyg

getetgegee

cgcecagecc

cecgggageac

gecegetece

ISM: Rhodobacter spha

<400> SEQUENCE: 132

Met Met Ser
1

Ala Val Gly

Leu Lys Gly
35

Asp Asn Leu
50

Leu Pro Asp
65

Ser Arg Ala

Glu Pro Asn

Lys Met Arg

115

Ser Ala Asn
130

Arg Pro Val

Met Ile Asp His Gly

5

Ala Ile Gly Gly Ser

20

Ala Gly Val Phe Met

40

Asp Phe Thr Glu Arg

55

Gly Ala Phe Glu Ala

70

Gly Met Arg Glu Ala

85

Thr His Val Val Ile

100

Tyr Val His Leu Leu

120

Gln Arg Gln Ala Trp

135

Ala Glu Pro Pro Gly

Phe Pro Arg
635

Arg Ser Arg
650

eroides

ccgacccaga
cgcatectea
ctggacttca
gaggegegge
cggcactggg
tatccgaaga
aaccagcgec
ceggggecge
gecgacegge
cggeccgaag
gtcegecacge
gatctgtegyg

tga

eroides

Pro Asp Pro
10

Gly Thr Arg
25

Gly Thr Arg

Phe Arg His

Arg Leu Arg
75

Gly Gln Arg
90

Asp Arg Ile
105
Arg Ser Gly

Phe Trp Gly

Pro Arg Asp

Pro Ser Asp
620

His Lys Gly

Thr Gly Gly

ctcegattge
agggggcggy
ccgagegttt
tgcggcagtt
getggaaaga
tgcgctatgt
aggcgtggtt
gggacatgcet
cggagaaccg
cggagategt
tggcegeect

tcttegatee

Thr Gln Thr
Val Val Ala
30

Leu Asn Glu
45

Arg Glu Val
60

Gln Phe Glu

His Trp Gly

Leu Ala Ala

110

Leu Asp Met
125

Pro Tyr Phe
140

Met Leu Ala

Ile Asp
Gly Pro
640

Ala
655

cgteggegece
cgtetteatyg
cecgecatege
cgagggcctg
gcccaacace
ccatctgety
ctgggggect
ggcctattte
tggcegggtyg
geggetgetg
gatcgegece

ggcegatetyg

Pro Ile
15

Arg Ile
Ser Glu
Leu Ala
Gly Leu

80

Trp Lys

95

Tyr Pro

Ala Phe

Leu Glu

Tyr Phe

60

120

180

240

300

360

420

480

540

600

660

720

753
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145 150 155 160
Cys Ala Val His Arg Arg Ile Ser Ala Leu Ala Asp Arg Pro Glu Asn

165 170 175
Arg Gly Arg Val Leu Phe Leu Gln Tyr Glu Ala Leu Cys Ala Arg Pro

180 185 190
Glu Ala Glu Ile Val Arg Leu Leu Asp Phe Leu Gly Leu Glu Pro Ala
195 200 205
Gln Pro Val Ala Thr Leu Ala Ala Leu Ile Ala Pro Pro Ala Ser Ile
210 215 220

Gly Arg His Arg Glu His Asp Leu Ser Val Phe Asp Pro Ala Asp Leu
225 230 235 240
Ala Tyr Leu Lys Gln Thr Gln Pro Ala Pro

245 250
<210> SEQ ID NO 133
<211> LENGTH: 7890
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 133
atgccgacag tgaacctgac ctctgeectg acctteteeyg agggcggegt gcecgcagete 60
gtecgaccega acatcacgat cacgggcgge ggagecttta ccgaaggcta catcgaatte 120
tecggtecagtt cgcccacgge cggcgacaac ttcagcectga ccagegecge caatccgetg 180
gccaacggeyg cgatctegtt cgagaacgge gacgtctatce tegggaccgg cteggccege 240
gagecggateyg gcteggtcega tgcgacctte gacggecagg acggccagec getgegcatce 300
ctgttetega gecegetgee gaacgecgge ttegaggaag gcgaggcgaa ctggaccate 360
cgcgacgage aatatggcga caacggcagce gagctgaacce tcegacggect gcagatcacg 420
ctggecaatg actceggecta cagcggegge accggcacga ccaacgtceca ggectcecgece 480
ggcatgacct gggacgggte ggtgcaggat ggtgegggeyg ttgacggatc gegegeccte 540
tatcteggca gceggeggaaa catcgttgeg ggcgatcaga acceggcecegyg cggctatcag 600
gtcaacggcet acggctcgat ccacggccce tatgccacca getceggtgat caccgtegeg 660
cagggtgact cgatctcgcet cgactttcag gecgtgggea cgagcgacga ctacgaggtyg 720
tteggettee tgcgtegegt cgacgccaac ggcaacttece tgagcaacag cgtcagcage 780
ccecgacaaca tcctgetett cgcccagegg ggcgatgaca ccagegggtyg gacgaccate 840
agcaaggacg gcctgeccge aggcagcetac cggttegagt tegteggegyg cacctatgat 900
ggcacgggeyg gectegeggt gggctcgaac ctetttgteg acaacatccg cctgatcteg 960
gecacctegy tgaacgacag catcgeccag gecatcegece ggcaggtege ctaccagaac 1020
gacgccaatyg atgcgeccggt caccecgecag atcacggtca cggccegtgga cggcaacgge 1080
atcagcgget cctectcecgaa cggcectgace ttegaaggeg agaacgacgce gccgagectt 1140
gccaacacca cgctcaccte gatcgecgag gacagcagec ccgecggeca gaccatcgece 1200
gcagecctteg geggetectt cteggatccece gacaacgcect attcccccac cgactcgatg 1260
gegggegteyg tcatcaccgg caatgeggeg accggegece aaggcgactg gcagtatteg 1320
accgacggeg gcaccacctg gatcteggte ggcagegtga cctegcagag cgggetegtyg 1380
ctttectegg ccacgctgat ccgcecttecgaa ccegegetga actggaacgg cacgceccggce 1440
gegetgacge tccatgceget ggacagcacce tatggeggca gettcaccag cggcacgacyg 1500
geggtgaace tcgacacgac cggegecace ggcaccggeg cgctcageca gaacagcgec 1560



261

US 11,008,577 B1

262

-continued
accggetcega tcaccgtcac cccggtcaac gacgecceeg tettcaccege ggecceggte 1620
gegetgacygyg ttgecgacac cgaggecgtg gacacgecgg cegcegcetcac cggetcgatce 1680
teggecteeg acctgeatgg cggtgegecg ggcgaaggeyg gcacgctcag ctacggegtt 1740
cagggcggceg tgtcggccaa cggctteteg gttetgacge tgccectacgg cacgetgtceg 1800
gtgaaccagt cgaccggagce ctacagcette ctgccgaacce ccacggeget gaacagecte 1860
geegagggty cagaggcgaa cttetectte acgctcacceyg tceteggacgg gcagggegge 1920
acgcagaccg cgccgetega catcacctte accggcegeca acgacgtgece ggtcegtcage 1980
geecagaceyg gcacggceggt cgaggectceg ggtctcaaca acaacgtege cggcagcegeg 2040
gecacggget cgetgetgac cggtecgaat geggcgacceg atatcgacgg cgacgagatce 2100
teggtggtgg gtgtgegecac cggcggecag tecgagacceyg gcaccgaagyg cgtctggace 2160
gacggcacga tcacgcttca gggcacctac ggcacgetga cgctgaacga ggacggcage 2220
tggtectacyg cggecgacga tgacaacceg accgtcegacyg gectgaccegyg gccgaccgac 2280
acgctggagg agaccttcac ctacaccgtg acggacgcga acggcgccac cgcgtegcag 2340
gagctgaceyg tcaccatcte gggecgcaac gacgcgetga acgtgtcgag cagcatcgge 2400
accgatatct cgacgggcga ggatgccgac acgcagatcg accttaccgg cctegtgtte 2460
gaagaccceyg atctgggcete ggaaatctac gaattegecg tggatgeggg ccagggcacyg 2520
ctetggaceyg aaggtgtgga cgggctgacce gtcaccggea acggaacggyg ccagetggtg 2580
ctgaccgget cggcecaccge gatttcecgaa tggatcgegyg ccaacgacct gacctaccge 2640
tegecegtgg aaggcagegg cgccgacacg atcagcectet cctacagega ggcgggegece 2700
gaggtcegea cggegetcga gtccatcgac gtegeggtgg acatgatcaa cgacccggec 2760
gtggtcgatyg tgaacggcte ggtcacgacce cagggcagceg ceggcegtgge cgaagtgget 2820
caggtcacct tcctgtcgac cggcaccgct caggtgctga atttcgacgg ggtgcagatg 2880
cagatcgegg ccggcagcac tgccgecgag attgcecgaag ccettegegge gcaggagtte 2940
ccgaactgga ccgtcagect tgacggegag ggccgggtga cgetgaccege gaccgecace 3000
ggegegegge cggacctgac ggcggecgac ttcaccaacyg getegggege cttetegecg 3060
ctggtegaga ccaccggegg caccgacgge agcatcaatt tcaccgcegeyg cggaccggece 3120
atcgecatcee tgccgacgcet ggaactgage gacgtcgaca gegegatgat gtcegggegece 3180
aaggtcagca tgaccgaagg cctgttcgac aacgggttecg gcacgatcta cgaacggctce 3240
tegetgtegy cggaggegceyg ggaattegeg cagcagaacyg gegtgggeat cagcatcegtg 3300
acgacggccg ctgcecggete ggtcatcace ttcaccggca tggcctcecgge ggaggtctac 3360
gagaccatce tgcgeggegt gatctacage aacaccaacc cgaatgeggt ggegggcacce 3420
cgeccecegtga agatcgaagt gaccgactct gacgggceteg cctcecgagcect ctecagegte 3480
aacctgacag agggcaacac cgacatcgec gteggccage gcatcttcat caacggegtyg 3540
gacagcggee aggtegtcete gatggtgcege gacgccacca gettegtgge cageggeccg 3600
ctggccgatce tggagccggg tgcggtgctg agettcecatg acggcagcgg tcagcagacce 3660
acggeggttt cggegggcga cggcacggece acgatggacyg tgaacgtgat ctgggetcce 3720
gtgatcgaca tgaacggcge cggegeggge gatatccacce ggacgaccta catcgagcag 3780
catgccecga tecgccatege gaccgcecgat gcccgcatceg tcgatcagga aggtctgatce 3840
cgctegeteg acgtegtget gaccaacccg ctcgacaatg tcgaaggtte ggctcecggte 3900
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gaatatctcg

ggtgcccatyg

ttcgeggegyg

tatgccaaca

gacatggacyg

gacgcegecegy

gccgcecggag

atcaccatca

gtgggcaccg

gccaacgtga

ctegecaacy

ceggtgaacy

gaagaccagce

gtcgatacgg

gnggCtCCg

tggatcgacyg

cgcttetege

dgggcgaccy

aaccgtggeg

getgtcaacy

gaggcggtgg

geggtaagece

accacctacg

gaactgacca

tcgatggagg

gecttegegy

gcgecgacgy

tcgggcgaag

gctacggecyg

ctcgaggatg

gCtCtggng

agcgaggagyg

aacagctcga

gacggcaace

Cngtthgg

gatcagctge

gtcatcgaat

acgctgaaac

gaaggcaace

ggcaccgacyg

gcatctcgaa

acggccagtt

ccaacggege

tggacgatge

gcaacgaggg

tggcgatcga

acttcggett

acagcctgec

tggtcaccct

acggtgaagg

geggecagac

atgcteeggt

agctgaatge

gegtgcacag

aagggttcgg

tcaccctega

cggatggcga

gcaccgcggg

gcacctegge

acgcgeegte

cgctgttete

agattgtcat

agacgatctt

tctegggeac

actaccgtga

gcgaccgggce

acttcatcct

geegegacca

atgccgagat

cggtgaacgg

cgctgaacat

gegtggatee

ccgcacccac

cgggegttec
atctctegat

tgctegacgyg

ggctgeggga

cggcggatgc

tcgaggteat

gegecgatet

ggcggtgetg

cgacgccaac

cagcgecace

cceggacace

cctgateteg

cagcggegtyg

tgccgateeg

cgccacggyge

cgcgcagett

ggtegecteyg

cacctegace

cctgecggaa

cggtgaactyg

cgccacgaac

cggeggeace

tccgggcgag

gaacgcgace

caacgtggtce

cttetecage

gatcagcatg

ggacgagacg

cacgctegat

cteggecage

cggtgtggcg

ggcgetecte

gatcteggte

gccggtggaa

ctcgatcace

gatcgaccag

cteggecgag

cgtggteace

cacgaacttce

¢geggceggag

ggccaccacyg

ctcctacgag

cacgctggac

cggtgtggtg

aggccatgte

caacgtcgat

gctecategge

gacgtgctgg

ggcaacctga

agcttccaga

dggacgegga

cacaccgaga

accggeteeg

ctggatggcg

acgctgetee

caggccggceyg

ttcgacttee

getecggeaa

ggcacctecy

gtggcegate

ggcacccage

tggcagtatc

gtcetgetge

gaggcegeage

gcaggcatcyg

aacggcgect

dgcgagggcea

ctgcaactga

ggcgagacca

ggctcgaccet

ggcgatcege

agcctgeget

acggtgacgg

tgggcaacgg

tatctcgagyg

gacggcaaca

atgctgtteg

ggcaacggca

cagctggege

cgccatgtea

gtgatcggga

gegtecgaga

gatgccgacyg

atcgettegyg

atcagcgecc

ggceccegeca

tegeggggeyg

cggecegegyg catcaccate

ceggegecac ctegatcace

ttgcgetgeyg gggegtgace

tcgtgacgge gcagggcace

tcaacccgat cgceggtggge

aagatgcggg ccatgtettt

gegegaacca getegecteg

tgggeggggt cgcggtcgece

cgctgaccta tcageeggty

tcgtgaccga caacggcage

ccatggtgat cgacctgacyg

tcaccggcac cacgatcace

tggtcggege catgacggat

agggcatcge ggtttatgge

gtctegeegyg cggcaccgac

tcggtgegga cgaccgcate

tgtcctacta cgcctgggac

cggggecggyg caatgecteg

ctgccacggt cgaggtgaca

ataccttceta tgctegegge

ccgacccgga cgagggcgeg

cggtcgacaa cgecttegge

tcgtggecca gtcegggcace

tcaccatcte gggggceceggy

acgagaacac caacccgaac

atgagacggg ggnggCtCC

tggccgatet caacggteceg

gcagcggeag ccaggccate

cegtegaggt cgtcatcacy

tcgatccegge ggtectgecyg

cccacgagat ccggetgacyg

tgcgggceegt gegttacgte

cggtetecte gaccgatgec

tggagctggt gaacgacgca

ccecgcaacce getgteggge

ggctegggee gaacccegecg

gcaacggcat gccggtctac

gecatcaccta caccgacggt

tggtcggget gaacctcgaa

cggacgtgat ctceggecgyg

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300
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-continued
atgttcaacg acacgctgat gggceggggeg ggcaacgaca gectctacgg caacggtgac 6360
gacgaccgcee tctacgttaa cgagggcaac gacagcectcet atggcgagga gggcaacgac 6420
tggctgcatyg geggtcaggg cgacgacctyg gtegtgggeg gegacggcaa cgacacgete 6480
gegggeggte tgggcaacga caccctgcag ggtggegegg gcaacgacac ggecagetac 6540
gaaacggcca ccgagggcegt taccgtcage ctegegetge agggcgaagyg ccagttegtg 6600
aacgcgcagyg aaggcaacga cccgetgace tcgatcgaga acctgacggg cagcaatcac 6660
gacgacacge tgatcgggga cgagggcgac aacgtgctet cgggtcetege gggcaacgac 6720
gtgcetggtgyg geggegeggg caatgacacyg ctgcteggeg gtgcecggcaa cgacategec 6780
gactacgceeg cggcgacggg cggggtgacyg gtcaatctgg cgegtgatgyg geaggegeag 6840
atcatcggeg ccgatcaggg caccgatgtce ctgagctcega tcgagggtgt catcggcagce 6900
gccttcaacg acatcctgte gggcagegeg gtcgccaacce tcatcttegg tggggacggt 6960
gecgacctgg ccaceggtgg cgcgggcaac gacaccatce teggeggege cggatcggac 7020
agcctctatg gecaaccttgg ggatgaccte ctetttggtg acgtgggcaa cgactggatce 7080
cacggeggece agggcaacga caccgtecte ggeggttteg gegacgatac getggecgge 7140
ggcgtcggtyg acgatgtggt ggatggcegge gatgggatcg acaccgtcga gttceccagacce 7200
gcaaccgeceg gtgtcaccgt ggatctcteg ctgcagggtce aggcgcagceg catcagtgece 7260
gaggaaggca cggatacgct gttcectcgatc gagaacatcc tceggcagecg gtatgacgac 7320
cgectgetgyg gegatgeggg ctecaacttyg atcgacggea gtgecggcaa cgacactgece 7380
atgggtcagg cgggcgagga cctcatctte ggeggggacg gcaacgacag cctcetatgge 7440
aaccaggaca acgacactct ggteggegge aacggcaacg actggttgca cggeggtcag 7500
ggcaacgatc tcctggtggg cgatgecegge agcegacacce tcaacggegyg cgtgggegac 7560
gatgtgctgg tcgggggtca gggcttcegac cttctgacgg gceggcaccgg ggcggacact 7620
ttegtetteg gecagectega cagcgcggat gcggatcgga tcaccgattt cgagcagggce 7680
gtcgaccaga tcgtgatcge cgaccagctg atgtgggcge tggagaatgc cgagctgaac 7740
ctcgecgate agatcgtetg gaatgccgag accggcatge tctccatcga tcetcecgacgcece 7800
ggggaggcga cccgtetggt ggatcttget cagatcgatce atgatggaac gctgaacatce 7860
acgatcgacg acttccagtt cctgcgctga 7890

<210> SEQ ID NO 134
<211> LENGTH: 2629

<212> TYPE

PRT

<213> ORGANISM: Rhodobacter

<400> SEQUENCE: 134

Met Pro Thr Val Asn Leu

1

5

Val Pro Gln Leu Val Asp

20

Phe Thr Glu Gly Tyr Ile

35

Asp Asn Phe

50

Ile Ser Phe

65

Glu Arg Ile

Ser Leu Thr

Glu Asn Gly
70

Gly Ser Val

Thr

Pro

Glu

Ser

55

Asp

Asp

sphaeroides

Ser Ala Leu Thr
10

Asn Ile Thr Ile
25

Phe Ser Val Ser
40

Ala Ala Asn Pro
Val Tyr Leu Gly
75

Ala Thr Phe Asp

Phe Ser Glu Gly Gly

15

Thr Gly Gly Gly Ala

30

Ser Pro Thr
45

Ala Gly

Leu Ala Asn Gly Ala

60

Thr Gly Ser

Gly Gln Asp

Ala Arg
80

Gly Gln
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85 90 95

Pro Leu Arg Ile Leu Phe Ser Ser Pro Leu Pro Asn Ala Gly Phe Glu
100 105 110

Glu Gly Glu Ala Asn Trp Thr Ile Arg Asp Glu Gln Tyr Gly Asp Asn
115 120 125

Gly Ser Glu Leu Asn Leu Asp Gly Leu Gln Ile Thr Leu Ala Asn Asp
130 135 140

Ser Ala Tyr Ser Gly Gly Thr Gly Thr Thr Asn Val Gln Ala Ser Ala
145 150 155 160

Gly Met Thr Trp Asp Gly Ser Val Gln Asp Gly Ala Gly Val Asp Gly
165 170 175

Ser Arg Ala Leu Tyr Leu Gly Ser Gly Gly Asn Ile Val Ala Gly Asp
180 185 190

Gln Asn Pro Ala Gly Gly Tyr Gln Val Asn Gly Tyr Gly Ser Ile His
195 200 205

Gly Pro Tyr Ala Thr Ser Ser Val Ile Thr Val Ala Gln Gly Asp Ser
210 215 220

Ile Ser Leu Asp Phe Gln Ala Val Gly Thr Ser Asp Asp Tyr Glu Val
225 230 235 240

Phe Gly Phe Leu Arg Arg Val Asp Ala Asn Gly Asn Phe Leu Ser Asn
245 250 255

Ser Val Ser Ser Pro Asp Asn Ile Leu Leu Phe Ala Gln Arg Gly Asp
260 265 270

Asp Thr Ser Gly Trp Thr Thr Ile Ser Lys Asp Gly Leu Pro Ala Gly
275 280 285

Ser Tyr Arg Phe Glu Phe Val Gly Gly Thr Tyr Asp Gly Thr Gly Gly
290 295 300

Leu Ala Val Gly Ser Asn Leu Phe Val Asp Asn Ile Arg Leu Ile Ser
305 310 315 320

Ala Thr Ser Val Asn Asp Ser Ile Ala Gln Ala Ile Ala Arg Gln Val
325 330 335

Ala Tyr Gln Asn Asp Ala Asn Asp Ala Pro Val Thr Arg Gln Ile Thr
340 345 350

Val Thr Ala Val Asp Gly Asn Gly Ile Ser Gly Ser Ser Ser Asn Gly
355 360 365

Leu Thr Phe Glu Gly Glu Asn Asp Ala Pro Ser Leu Ala Asn Thr Thr
370 375 380

Leu Thr Ser Ile Ala Glu Asp Ser Ser Pro Ala Gly Gln Thr Ile Ala
385 390 395 400

Ala Ala Phe Gly Gly Ser Phe Ser Asp Pro Asp Asn Ala Tyr Ser Pro
405 410 415

Thr Asp Ser Met Ala Gly Val Val Ile Thr Gly Asn Ala Ala Thr Gly
420 425 430

Ala Gln Gly Asp Trp Gln Tyr Ser Thr Asp Gly Gly Thr Thr Trp Ile
435 440 445

Ser Val Gly Ser Val Thr Ser Gln Ser Gly Leu Val Leu Ser Ser Ala
450 455 460

Thr Leu Ile Arg Phe Glu Pro Ala Leu Asn Trp Asn Gly Thr Pro Gly
465 470 475 480

Ala Leu Thr Leu His Ala Leu Asp Ser Thr Tyr Gly Gly Ser Phe Thr
485 490 495

Ser Gly Thr Thr Ala Val Asn Leu Asp Thr Thr Gly Ala Thr Gly Thr
500 505 510
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-continued

270

Gly

Ala

545

Ser

Ser

Thr

Ser

Glu

625

Thr

Pro

Asn

Pro

705

Asp

Glu

Asp

Thr

Thr

785

Thr

Gly

Ala

Leu

Ala
865

Ser

Glu

Ala

Asn

530

Asp

Ala

Tyr

Leu

Phe

610

Ala

Gln

Val

Asn

Asn

690

Arg

Gly

Asp

Gly

Val

770

Ile

Asp

Leu

Val

Thr

850

Thr

Pro

Ala

Asp

Leu

515

Asp

Thr

Ser

Gly

Pro

595

Leu

Asn

Thr

Val

Asn

675

Ala

Thr

Thr

Gly

Leu

755

Thr

Ser

Ile

Val

Asp

835

Val

Ala

Val

Gly

Met
915

Ser

Ala

Glu

Asp

Val

580

Tyr

Pro

Phe

Ala

Ser

660

Val

Ala

Gly

Ile

Ser

740

Thr

Asp

Gly

Ser

Phe

820

Ala

Thr

Ile

Glu

Ala

900

Ile

Gln

Pro

Ala

Leu

565

Gln

Gly

Asn

Ser

Pro

645

Ala

Ala

Thr

Gly

Thr

725

Trp

Gly

Ala

Arg

Thr

805

Glu

Gly

Gly

Ser

Gly
885

Glu

Asn

Asn

Val

Val

550

His

Gly

Thr

Pro

Phe

630

Leu

Gln

Gly

Asp

Gln

710

Leu

Ser

Pro

Asn

Asn

790

Gly

Asp

Gln

Asn

Glu
870
Ser

Val

Asp

Ser Ala Thr Gly Ser Ile Thr Val Thr
520 525

Phe Thr Ala Ala Pro Val Ala Leu Thr
535 540

Asp Thr Pro Ala Ala Leu Thr Gly Ser
555

Gly Gly Ala Pro Gly Glu Gly Gly Thr
570 575

Gly Val Ser Ala Asn Gly Phe Ser Val
585 590

Leu Ser Val Asn Gln Ser Thr Gly Ala
600 605

Thr Ala Leu Asn Ser Leu Ala Glu Gly
615 620

Thr Leu Thr Val Ser Asp Gly Gln Gly
635

Asp Ile Thr Phe Thr Gly Ala Asn Asp
650 655

Thr Gly Thr Ala Val Glu Ala Ser Gly
665 670

Ser Ala Ala Thr Gly Ser Leu Leu Thr
680 685

Ile Asp Gly Asp Glu Ile Ser Val Val
695 700

Ser Glu Thr Gly Thr Glu Gly Val Trp
715

Gln Gly Thr Tyr Gly Thr Leu Thr Leu
730 735

Tyr Ala Ala Asp Asp Asp Asn Pro Thr
745 750

Thr Asp Thr Leu Glu Glu Thr Phe Thr
760 765

Gly Ala Thr Ala Ser Gln Glu Leu Thr
775 780

Asp Ala Leu Asn Val Ser Ser Ser Ile
795

Glu Asp Ala Asp Thr Gln Ile Asp Leu
810 815

Pro Asp Leu Gly Ser Glu Ile Tyr Glu
825 830

Gly Thr Leu Trp Thr Glu Gly Val Asp
840 845

Gly Thr Gly Gln Leu Val Leu Thr Gly
855 860

Trp Ile Ala Ala Asn Asp Leu Thr Tyr
875

Gly Ala Asp Thr Ile Ser Leu Ser Tyr
890 895

Arg Thr Ala Leu Glu Ser Ile Asp Val
905 910

Pro Ala Val Val Asp Val Asn Gly Ser
920 925

Pro

Val

Ile

560

Leu

Leu

Tyr

Ala

Gly

640

Val

Leu

Gly

Gly

Thr

720

Asn

Val

Tyr

Val

Gly

800

Thr

Phe

Gly

Ser

Arg
880
Ser

Ala

Val
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Thr
Leu
945

Gln

Ala

Ala

Thr

Pro

Ser

Phe

Ala

Ile

Met

Tyr

Lys

Ser

Arg

Leu

Gln

Ala

Ile

Leu

Asp

Thr
930

Ser

Ile

Gln

Thr

Asp

1010

Thr
1025

Ala
1040

Ala
1055

Asp
1070

Glu
1085

Val
1100

Ala
1115

Ser
1130

Ile
1145

Val
1160

Ile
1175

Arg
1190

Glu
1205

Thr
1220

Asn
1235

Gly
1250

Ala
1265

Ile
1280

Glu
1295

Leu
1310

Gly

Gln

Thr

Ala

Glu

Leu

995

Phe

Gly

Ile

Met

Asn

Ala

Thr

Ser

Glu

Asn

Phe

Asp

Pro

Thr

Val

Asp

Ile

Arg

Gly

Asp

Gln

Ala Glu Val Ala Gln Val Thr Phe

940

Leu Asn Phe Asp Gly Val Gln Met
955 960

Ala Glu Ile Ala Glu Ala Phe Ala
970

975

Val Ser Leu Asp Gly Glu Gly Arg

Gly Ala Arg Pro Asp Leu Thr Ala

Gly Ser Ala Gly Val
935
Gly Thr Ala Gln Val
950
Ala Gly Ser Thr Ala
965
Phe Pro Asn Trp Thr
980 985
Thr Ala Thr Ala Thr
1000
Thr Asn Gly Ser Gly Ala
1015
Gly Thr Asp Gly Ser Ile
1030
Ala Ile Leu Pro Thr Leu
1045
Met Ser Gly Ala Lys Val
1060
Gly Phe Gly Thr Ile Tyr
1075
Arg Glu Phe Ala Gln Gln
1090
Thr Ala Ala Ala Gly Ser
1105
Ala Glu Val Tyr Glu Thr
1120
Thr Asn Pro Asn Ala Val
1135
Val Thr Asp Ser Asp Gly
1150
Leu Thr Glu Gly Asn Thr
1165
Ile Asn Gly Val Asp Ser
1180
Ala Thr Ser Phe Val Ala
1195
Gly Ala Val Leu Ser Phe
1210
Ala Val Ser Ala Gly Asp
1225
Ile Trp Ala Pro Val Ile
1240
Ile His Arg Thr Thr Tyr
1255
Ala Thr Ala Asp Ala Arg
1270
Ser Leu Asp Val Val Leu
1285
Ser Ala Pro Val Glu Tyr
1300
Val Leu Ala Ala Arg Gly
1315
Phe Asp Ala Asn Gly Asn

Phe

Asn

Glu

Ser

Glu

Asn

Val

Ile

Ala

Leu

Asp

Gly

Ser

His

Gly

Asp

Ile

Ile

Thr

Leu

Ile

Leu

990

1005

Ser Pro Leu Val Glu
1020

Phe Thr Ala Arg Gly
1035

Leu Ser Asp Val Asp
1050

Met Thr Glu Gly Leu
1065

Arg Leu Ser Leu Ser
1080

Gly Val Gly Ile Ser
1095

Ile Thr Phe Thr Gly
1110

Leu Arg Gly Val Ile
1125

Gly Thr Arg Pro Val
1140

Ala Ser Ser Leu Ser
1155

Ile Ala Val Gly Gln
1170

Gln Val Val Ser Met
1185

Gly Pro Leu Ala Asp
1200

Asp Gly Ser Gly Gln
1215

Thr Ala Thr Met Asp
1230

Met Asn Gly Ala Gly
1245

Glu Gln His Ala Pro
1260

Val Asp Gln Glu Gly
1275

Asn Pro Leu Asp Asn
1290

Gly Ile Ser Lys Ala
1305

Thr Ile Gly Ala His
1320

Thr Gly Ala Thr Ser
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Ile

Ile

Asp

Gly

Glu

Asp

Asn

Ala

Ala

Gly

Leu

Glu

Gly

Tyr

Arg

Gly

Pro

Trp

Ala

Ser

Asp

Arg

Thr

1325

Thr
1340

Ala
1355

Thr
1370

Asn
1385

Gly
1400

Asp
1415

Pro
1430

Ser
1445

Ala
1460

Leu
1475

Ser
1490

Gly
1505

Thr
1520

Thr
1535

Leu
1550

Val
1565

Gly
1580

Leu
1595

Glu
1610

Asp
1625

Asp
1640

Gly
1655

Ser
1670

Ala
1685

Gly
1700

Asp
1715

Phe

Leu

Gly

Glu

Asp

Ala

Leu

Leu

Val

Thr

Phe

Gln

Pro

Gly

Val

His

Ala

Ala

Val

Gly

Gly

Pro

Asn

Pro

Glu

Pro

Ala

Arg

Thr

Gly

Ala

Gly

Asp

Pro

Gly

Tyr

Asp

Thr

Val

Thr

Ala

Ser

Gly

Gly

Leu

Glu

Ala

Gly

Gly

Ser

Ala

Asp

Ala

Gly

Arg

Leu

Pro

His

Gly

Ala

Thr

Gln

Phe

Thr

Asn

Thr

Asp

Ala

Ser

Gly

Leu

Asn

Thr

Asn

Ala

Ile

Val

Glu

Ala

Val

Ile

Ile

Val

Val

Gly

Thr

Val

Pro

Leu

Ser

Asp

Ile

Leu

Thr

Glu

Thr

Leu

Ala

Gly

Ala

Ser

Ser

Ala

Gly

1330

Asn
1345

Thr
1360

Val
1375

Ser
1390

Ala
1405

Phe
1420

Ala
1435

Gly
1450

Val
1465

Val
1480

Val
1495

Thr
1510

Ala
1525

Thr
1540

Val
1555

Asn
1570

Gly
1585

Asp
1600

Gly
1615

Thr
1630

Thr
1645

Ser
1660

Ala
1675

Met
1690

Leu
1705

Ala
1720

Gly

Tyr

Thr

Ile

Ala

Asn

Thr

Thr

Ala

Thr

Ala

Pro

Glu

Gly

Gly

Phe

Trp

Ala

Glu

Ala

Asn

Thr

Gly

Phe

Ala

Ala

Ala

Ala

Thr

Asp

Ala

Gln

Leu

Leu

Asn

Asp

Pro

Val

Asp

Ala

Thr

Gly

Ile

Asp

Ala

Gly

Arg

Val

Glu

Ser

Val

Ser

Asn

Gln

Glu

Ser

Gly

Leu

Leu

Ala

Val

Asn

Ala

Leu

Gln

Met

Gln

Gly

Asp

Asp

Gln

Asn

Gly

Glu

Gly

Asp

Ser

Ala

Met

Gly

Ile

Gly

Asp

Ala

Leu

Gln

Asn

Gly

Thr

Pro

Gln

Thr

Gln

Gly

Val

Arg

Leu

Val

Gly

Val

Asn

Glu

Gln

1335

Thr
1350

Asp
1365

Thr
1380

Asn
1395

Val
1410

Phe
1425

Ser
1440

Gly
1455

Leu
1470

Gly
1485

Ser
1500

Met
1515

Glu
1530

Leu
1545

Asp
1560

Gly
1575

Thr
1590

Thr
1605

Ile
1620

Ser
1635

Val
1650

Thr
1665

Thr
1680

Thr
1695

Thr
1710

Ile
1725

Ser

Asp

Asp

Pro

Thr

Gly

Ile

Gly

Gln

Glu

Leu

Val

Gly

Asn

Val

Ile

Trp

Leu

Arg

Tyr

Ala

Ser

Ala

Phe

Leu

Val

Phe

Ala

Met

Ile

Gly

Phe

Thr

Val

Ala

Gly

Ala

Ile

Thr

Ala

Asp

Ala

Gln

Asp

Phe

Tyr

Gly

Ala

Val

Tyr

Gln

Ile

Gln

Pro

Asp

Ala

Ser

Ala

Ile

Ala

Gly

Val

Asn

Asp

Ser

Gly

Thr

Val

Tyr

Pro

Ser

Ala

Ile

Phe

Asn

Ala

Leu

Thr
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Leu

Glu

Gly

Leu

Leu

Gly

Gly

Ile

Asp

Ile

Gly

Tyr

Thr

Thr

Asp

Ser

Gly

Pro

Asp

Met

Ile

Asp

Asp
1730

Thr
1745

Thr
1760

Thr
1775

Leu
1790

Asp
1805

Ser
1820

Ala
1835

Thr
1850

Ala
1865

Thr
1880

Asp
1895

Thr
1910

Val
1925

Val
1940

Val
1955

Thr
1970

Leu
1985

Gly
2000

Leu
2015

Val
2030

Ala
2045

Gly
2060

Val
2075

Gly
2090

Thr
2105

Gly

Ile

Glu

Ile

Ser

Arg

Ala

Asp

Tyr

Glu

Leu

Pro

Gly

Asp

Asn

Ser

Val

Ser

Asp

Gly

Ile

Asp

Glu

Gly

Ser

Leu

Glu

Phe

Leu

Ser

Leu

Ala

Pro

Leu

Leu

Met

Glu

Ala

Asn

Pro

Ser

Ser

Ile

Ile

Gln

Pro

Ala

Ala

Gly

Leu

Arg

Met

Thr

Ser

Thr

Gly

Arg

Ile

Thr

Asn

Glu

Ile

Asp

Val

Gly

Thr

Ser

Thr

Gly

Ser

Leu

Asn

Ser

Gly

Asn

Asn

Gly

Gly

Thr

Ala

Ile

Ala

Tyr

Ser

Asp

Gly

Gly

Asp

Ala

Leu

Thr

Asn

Thr

Asp

Met

Tyr

Leu

Pro

Gly

His

Leu

Leu

Ala

Gly

Val
1735

Ser
1750

Ser
1765

Gly
1780

Glu
1795

Val
1810

Phe
1825

Pro
1840

Ser
1855

Gln
1870

Val
1885

Pro
1900
His
1915

Phe
1930

Ala
1945

Ala
1960

Glu
1975

Glu
1990

Leu
2005

Pro
2020

Asn
2035

Val
2050

Glu
2065

Glu
2080

Asp
2095

Ala
2110

Asp

Gly

Gly

Ser

Asn

Thr

Ile

Ser

Gly

Asp

Asn

Ala

Glu

Gln

Pro

Asp

Leu

Ala

Asp

Val

Gly

Ile

Val

Gly

Val

Gly

Asn

Ser

Thr

Met

Thr

Val

Leu

Gly

Ser

Gly

Gly

Leu

Ile

Leu

Thr

Gly

Val

Ser

Gly

Ile

Met

Ser

Ile

Thr

Ile

Asn

Ala

Thr

Gly

Glu

Asn

Thr

Pro

Glu

Gln

Asn

Ser

Ala

Arg

Ala

Ala

Asn

Asn

Glu

Thr

Glu

Pro

Ala

Asn

Asp

Ser

Asp

Phe

Phe

Val

Asp

Pro

Asp

Val

Gly

Ala

Thr

Ala

Ala

Leu

Leu

Ala

Pro

Asp

Thr

Leu

Trp

Val

Arg

Val

Gly

Gly

Ser

Gly
1740

Val
1755

Ala
1770

Tyr
1785

Asn
1800

Glu
1815

Glu
1830

Arg
1845

Ile
1860

Val
1875

Glu
1890

Leu
1905

Thr
1920

Arg
1935

Glu
1950

Gly
1965

Ala
1980

Arg
1995

Asp
2010

Leu
2025

Tyr
2040

Ile
2055

Asp
2070

Ala
2085

Arg
2100

Leu
2115

Thr

Ala

Gly

Arg

Ala

Thr

Trp

Asp

Ala

Glu

Met

Asn

Ser

Ala

Arg

Val

Pro

Asn

Asp

Arg

Thr

Thr

Gly

Asp

Met

Tyr

Thr

Gln

Asp

Glu

Phe

Gly

Ala

His

Thr

Val

Leu

Ile

Glu

Val

His

Pro

Val

Pro

Ala

Asp

Leu

Tyr

Pro

Leu

Phe

Gly

Tyr

Ser

Pro

Ala

Ala

Ala

Thr

Ser

Ala

Val

Phe

Val

Glu

Arg

Val

Ala

Ala

Leu

Asp

Gly

Lys

Thr

Ala

Leu

Asn

Asn
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Gly

Tyr

Asp

Leu

Ser

Gln

Leu

Leu

Asn

Gly

Ala

Gly

Leu

Gly

Gly

Trp

Gly

Gly

Gly

Ser

Leu

Asn

Ala

Tyr

Asp

Ala

Asp
2120

Gly
2135

Leu
2150

Gly
2165

Tyr
2180

Gly
2195

Thr
2210

Ile
2225

Asp
2240

Ala
2255

Thr
2270

Asp
2285

Ser
2300

Ile
2315

Asn
2330

Asn
2345

Ile
2360

Asp
2375

Gly
2390

Val
2405

Ala
2420

Gly
2435

Leu
2450

Gly
2465

Gly
2480

Trp
2495

Gly

Asp

Glu

Val

Asn

Glu

Glu

Ser

Gly

Val

Gly

Val

Gln

Ala

Phe

Asp

Leu

His

Asp

Asp

Thr

Glu

Ser

Ile

Glu

Asn

Leu

Ser

Asp

Glu

Val

Asp

Thr

Gly

Ile

Asp

Leu

Asn

Asn

Gly

Phe

Gly

Thr

Gly

Gly

Thr

Gly

Val

Glu

Arg

Asp

Asp

Gln

His

Asp

Arg

Gly

Gly

Thr

Ala

Gln

Glu

Glu

Val

Asp

Leu

Thr

Asn

Gly

Ile

Asp

Gly

Leu

Ile

Asp

Gly

Tyr

Gly

Leu

Asp

Gly

Thr

Leu

Asn

Gly

Leu

Thr

Phe

Asn

Gly

Gly

Ile

Ala

Asp

Asp

Asp

Leu

Asp

Gln

Ala

Asp

Leu

Thr

Asp

Ser

Ile

Asn

Gly

Leu

Tyr
2125

Asp
2140

Asp
2155

Gln
2170

Glu
2185

Val
2200

Leu
2215

Asp
2230

Gly
2245

Ala
2260

Arg
2275

Val
2290

Ile
2305

Gly
2320

Gly
2335

Leu
2350

Gly
2365

Gly
2380

Thr
2395

Ser
2410

Asp
2425

Asp
2440

Ala
2455

Phe
2470

Asp
2485

Gln
2500

Asn

Val

Trp

Gly

Gly

Gly

Asn

Thr

Asn

Ala

Asp

Asp

Leu

Leu

Ala

Gly

Leu

Asn

Gly

Val

Leu

Thr

Arg

Gly

Gly

Thr

Gly

Gly

Asn

Leu

Asn

Gly

Val

Ala

Gly

Val

Gly

Tyr

Gly

Ser

Ser

Asp

Ala

Phe

Asp

Val

Glu

Gln

Leu

Leu

Asn

Gly

Leu

Asn

Gly

Glu

His

Asp

Ala

Thr

Gln

Ser

Leu

Asn

Ala

Gln

Ser

Gly

Leu

Gly

Gly

Thr

Gly

Phe

Gly

Phe

Leu

Asp

Asp

Val

Asp

Val

Gly

Gly

Thr

Gly

Val

Glu

Asn

Ser

Asp

Ala

Ala

Ile

Ser

Ala

Ser

Asp

Val

Asp

Gln

Gln

Ser

Gly

Thr

Gly

Gly

Leu

Gly

Asn Asp Ser Leu

2130

Gly
2145

Leu
2160

Asn
2175

Ser
2190

Gly
2205

His
2220

Gly
2235

Thr
2250

Ala
2265

Gln
2280

Glu
2295

Ala
2310

Thr
2325

Asp
2340

Val
2355

Leu
2370

Asp
2385

Thr
2400

Ala
2415

Ile
2430

Asp
2445

Ala
2460

Asn
2475

Gly
2490

Leu
2505

Asp

Gln

Ala

Asp

Leu

Asn

Asp

Leu

Leu

Thr

Ile

Gly

Val

Gly

Ser

Gly

Gly

Val

Ala

Gln

Glu

Ala

Met

Asp

Asn

Val

Asp

Gly

Gly

Thr

Ala

Asp

Asp

Ala

Leu

Gly

Ile

Val

Ala

Gly

Leu

Asn

Gly

Val

Thr

Arg

Asn

Gly

Gly

Ser

Gly

Gly

Val

Asp

Gly

Ala

Leu

Pro

Thr

Gly

Gly

Gly

Gly

Ile

Asn

Ala

Tyr

Asp

Phe

Asp

Ala

Ile

Ile

Ser

Gln

Leu

Asn

Asp

Leu
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2510 2515 2520
Val Gly Gly Gln Gly Phe Asp Leu Leu Thr Gly Gly Thr Gly Ala

2525 2530 2535
Asp Thr Phe Val Phe Gly Ser Leu Asp Ser Ala Asp Ala Asp Arg

2540 2545 2550
Ile Thr Asp Phe Glu Gln Gly Val Asp Gln Ile Val Ile Ala Asp

2555 2560 2565
Gln Leu Met Trp Ala Leu Glu 2Asn Ala Glu Leu Asn Leu Ala Asp

2570 2575 2580
Gln Ile Val Trp Asn Ala Glu Thr Gly Met Leu Ser Ile Asp Leu

2585 2590 2595
Asp Ala Gly Glu Ala Thr Arg Leu Val Asp Leu Ala Gln Ile Asp

2600 2605 2610
His Asp Gly Thr Leu Asn Ile Thr Ile Asp Asp Phe Gln Phe Leu

2615 2620 2625
Arg
<210> SEQ ID NO 135
<211> LENGTH: 6183
<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides
<400> SEQUENCE: 135
atgccgacag tgaacctgac ctctgeectg acctteteeyg agggcggegt gcecgcagete 60
gtecgaccega acatcacgat cacgggcgge ggagecttta ccgaaggcta catcgaatte 120
tecggtecagtt cgcccacgge cggcgacaac ttcagcectga ccagegecge caatccgetg 180
gccaacggeyg cgatctegtt cgagaacgge gacgtctatce tegggaccgg cteggccege 240
gagecggateyg gcteggtcega tgcgacctte gacggecagg acggccagec getgegcatce 300
ctgttetega gecegetgee gaacgecgge ttegaggaag gcgaggcgaa ctggaccate 360
cgcgacgage aatatggcga caacggcagce gagctgaacce tcegacggect gcagatcacg 420
ctggecaatg actceggecta cagcggegge accggcacga ccaacgtceca ggectcecgece 480
ggcatgacct gggacgggte ggtgcaggat ggtgegggeyg ttgacggatc gegegeccte 540
tatcteggca gceggeggaaa catcgttgeg ggcgatcaga acceggcecegyg cggctatcag 600
gtcaacggcet acggctcgat ccacggccce tatgccacca getceggtgat caccgtegeg 660
cagggtgact cgatctcgcet cgactttcag gecgtgggea cgagcgacga ctacgaggtyg 720
tteggettee tgcgtegegt cgacgccaac ggcaacttece tgagcaacag cgtcagcage 780
ccecgacaaca tcctgetett cgcccagegg ggcgatgaca ccagegggtyg gacgaccate 840
agcaaggacg gcctgeccge aggcagcetac cggttegagt tegteggegyg cacctatgat 900
ggcacgggeyg gectegeggt gggctcgaac ctetttgteg acaacatccg cctgatcteg 960
gecacctegy tgaacgacag catcgeccag gecatcegece ggcaggtege ctaccagaac 1020
gacgccaatyg atgcgeccggt caccecgecag atcacggtca cggccegtgga cggcaacgge 1080
atcagcgget cctectcecgaa cggcectgace ttegaaggeg agaacgacgce gccgagectt 1140
gccaacacca cgctcaccte gatcgecgag gacagcagec ccgecggeca gaccatcgece 1200
gcagecctteg geggetectt cteggatccece gacaacgcect attcccccac cgactcgatg 1260
gegggegteyg tcatcaccgg caatgeggeg accggegece aaggcgactg gcagtatteg 1320
accgacggeg gcaccacctg gatcteggte ggcagegtga cctegcagag cgggetegtyg 1380
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ctttectegy

gegetgacge

geggtgaace

accggetega

gegetgacgg

teggectecyg

cagggcggey

gtgaaccagt

geegagggtyg

acgcagaccg

geccagaccyg

gecacgggcet

teggtggtgg

gacggcacga

tggtcctacyg

acgctggagg

gagctgaccyg

accgatatct

gaagaccccyg

ctctggaceyg

ctgacegget

tcegecegtygy

gaggtccgca

gtggtcgatg

caggtcacct

cagatcgegyg

ccgaactgga

dgcgegegge

ctggtegaga

atcgccatce

aaggtcagca

tcgetgtegy

acgacggecg

gagaccatce

cgcecegtga

aacctgacag

gacagcggcee

ctggeegate

acggeggttt

gtgatcgaca

ccacgetgat

tccatgeget

tcgacacgac

tcaccgtcac

ttgccgacac

acctgcatgg

tgtcggecaa

cgaccggage

cagaggcgaa

cgcegetega

gCangngt

cgctgetgac

gtgtgcgcac

tcacgettca

cggecgacga

agaccttcac

tcaccatctce

cgacgggcga

atctgggete

aaggtgtgga

cggecaccge

aaggcagcgg

cggegetega

tgaacggete

tcctgtegac

ceggeageac

cecgteagect

cggacctgac

ccaccggegy

tgccgacget

tgaccgaagg

¢ggaggcgey

ctgeeggete

tgcgeggege

agatcgaagt

agggcaacac

aggtcgtete

tggagccggg

¢ggcgggega

tgaacggege

cecgettegaa

ggacagcacc

cggegecaca

cceggteaac

cgaggccgtg

ngthgCCg

cggetteteg

ctacagette

cttectectte

catcaccttce

cgaggecteg

cggtccgaat

cggcggccag

gggcacctac

tgacaacccyg

ctacaccgtyg

gggecgcaac

ggatgccgac

ggaaatctac

cgggctgace

gatttccgaa

cgcecgacacyg

gtccatcgac

ggtcacgace

cggcaccget

tgcecgecgag

tgacggcgag

ggcggccgac

caccgacgge

ggaactgagce

cctgttegac

ggaattcgeyg

ggtcatcace

gatctacage

gaccgactcet

cgacatcgec

gatggtgcgc

tgcggtgetg

cggcacggec

¢ggegeggge

ccegegetga

tatggcggca

ggcaccggcg

gacgcccecyg

gacacgcegyg

dgcgaaggcyg

gttetgacge

ctgccgaace

acgctcacceyg

accggegeca

ggtctcaaca

gcggegaccey

tccgagaceyg

ggcacgctga

accgtegacyg

acggacgcga

gacgcgetga

acgcagatcg

gaattcgecyg

gtcaccggca

tggatcgcgg

atcagectcet

gtegeggtgg

cagggcagcyg

caggtgctga

attgccgaag

ggccgggtga

ttcaccaacyg

agcatcaatt

gacgtcgaca

aacgggtteg

cagcagaacg

ttcaccggea

aacaccaacc

ganggCth

gteggecage

gacgccacca

agcttecatg

acgatggacg

gatatccace

actggaacgg cacgcccgge

gettcaccag cggcacgacg

cgctcageca gaacagcgec

tcttcacege ggccceggte

cecgegetcac cggetegate

gcacgctecag ctacggegtt

tgccctacgyg cacgetgteg

ccacggceget gaacagecte

tCthgang gcagggcggce

acgacgtgce ggtegtcage

acaacgtcge cggcagcegceg

atatcgacgg cgacgagatc

gcaccgaagg cgtctggace

cgctgaacga ggacggcage

gectgacegg gecgaccgac

acggcgccac cgcegtegeag

acgtgtcgag cagcatcgge

accttaccgg cctegtgtte

tggatgcggg ccagggcacg

acggaacggg ccagctggtyg

ccaacgacct gacctaccge

cctacagega ggcegggcegece

acatgatcaa cgacccggec

ceggegtgge cgaagtgget

atttcgacgg ggtgcagatg

ccttegegge gcaggagtte

cgctgacege gaccgecace

getegggege cttetegeeg

tcaccgegeyg cggaccggec

gegegatgat gtegggegece

gcacgatcta cgaacggcete

gegtgggeat cagcatcegtg

tggecctegge ggaggtctac

cgaatgceggt ggcegggcace

cctegagect ctccagegte

gecatcttecat caacggegtg

gettegtgge cageggeceg

acggcagegg tcagcagace

tgaacgtgat ctgggctcce

ggacgaccta catcgagcag

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780
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catgccecga tecgccatege gaccgcecgat gcccgcatceg tcgatcagga aggtctgatce 3840
cgctegeteg acgtegtget gaccaacccg ctcgacaatg tcgaaggtte ggctcecggte 3900
gaatatctecg gcatctcgaa ggceggtgetg gacgtgctgg cggcccgegg catcaccatce 3960
ggtgcccatyg acggccagtt cgacgccaac ggcaacctga ceggegecac ctegatcace 4020
ttcgeggegyg ccaacggege cagegecace agettccaga ttgegetgeg gggegtgace 4080
tatgccaaca tggacgatge cccggacace gggacgegga tegtgacgge gcagggcace 4140
gacatggacg gcaacgaggg cctgatcteg cacaccgaga tcaacccgat cgeggtggge 4200
gacgcgceegg tggcgatcga cageggcegtg accggctceeg aagatgcggg ccatgtettt 4260
gccgecggag acttceggett tgccgatceg ctggatggeg gegcgaacca gctegecteg 4320
atcaccatca acagectgece cgecacggge acgctgetece tgggeggggt cgeggtegece 4380
gtgggcaccg tggtcaccct cgcgcagett caggccggeg cgctgaccta tcagceccggtyg 4440
gccaacgtga acggtgaagg ggtcgecteg ttcgacttec tegtgaccga caacggcagce 4500
ctegecaacyg geggecagac cacctegace getceggeaa ccatggtgat cgacctgacg 4560
ceggtgaacyg atgcteeggt ccetgecggaa ggcaccteeg tcaccggeac cacgatcacce 4620
gaagaccagc agctgaatgc cggtgaactg gtggccgatc tggtcggegce catgacggat 4680
gtcgatacgg gegtgcacag cgccacgaac ggcacccage agggcatcege ggtttatgge 4740
gegggeteeyg aagggttcegg cggeggcace tggcagtate gtetegecgyg cggcaccgac 4800
tggatcgacg tcaccctega tecgggcgag gtectgetge teggtgcgga cgaccgcatce 4860
cgcttetege cggatggega gaacgcgace gaggegeage tgtectacta cgectgggac 4920
ggggcgacceyg gcaccgeggg caacgtggte gcaggcateg cggggecggyg caatgecteg 4980
aaccgtggeg gcacctegge cttetecage aacggegect ctgecacggt cgaggtgaca 5040
gctgtcaacyg acgcgccgte gatcagcatg ggcgagggca ataccttcta tgctecgegge 5100
gaggcggtgg cgetgttete ggacgagacyg ctgcaactga ccgacccgga cgagggegeg 5160
gcggtaagec agattgtcat cacgctcgat ggcgagacca cggtcgacaa cgccttegge 5220
accacctacg agacgatctt ctecggccage ggctcgacct tecgtggccca gtegggcacce 5280
gaactgacca tctcgggcac cggtgtggeyg ggcegatccge tcaccatcte gggggecggyg 5340
tcgatggagg actaccgtga ggcgetecte agectgeget acgagaacac caacccgaac 5400
gecttegegyg gegaccggge gatcteggte acggtgacgg atgagacggyg ggegggetec 5460
gcgecgacgg acttcatcct gcecggtggaa tgggcaacgg tggccgatct caacggtecyg 5520
tcgggegaag gecgegacca ctegatcace tatctegagg gecageggeag ccaggcecatce 5580
getacggeceyg atgccgagat gatcgaccag gacggcaaca ccgtcgaggt cgtcatcacyg 5640
ctcgaggatg cggtgaacgg ctcggccgag atgetgtteg tecgatccgge ggtectgecg 5700
getetggegyg cgetgaacat cgtggtcace ggcaacggca cccacgagat ccggetgacyg 5760
agcgaggagg gcgtggatcce cacgaacttce cagcectggege tgcgggccgt gegttacgte 5820
aacagctcga ccgcacccac cgeggeggag cgecatgtea cggtctecte gaccgatgece 5880
gacggcaace cgggegttee ggccaccacyg gtgatcggga tggagetggyg tgaacgacgce 5940
accggttgeg gatctctega tetecctacga ggegtccecgag acccgcaacce cgctgteggg 6000
cgatcagetyg ctgctegacg geacgetgga cgatgecgac gggeteggge cgaaccegec 6060
ggtcatcgaa tggctgcggg acggtgtggt gatcgectteg ggcaacggca tgccggtceta 6120
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cacgctgaaa ccggeggatg caggccatgt catcagegece cgcatcacct acaccgacgg 6180
tga 6183
<210> SEQ ID NO 136

<211> LENGTH: 2060

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 136

Met Pro Thr Val Asn Leu Thr Ser Ala Leu Thr Phe Ser Glu Gly Gly
1 5 10 15

Val Pro Gln Leu Val Asp Pro Asn Ile Thr Ile Thr Gly Gly Gly Ala
20 25 30

Phe Thr Glu Gly Tyr Ile Glu Phe Ser Val Ser Ser Pro Thr Ala Gly
35 40 45

Asp Asn Phe Ser Leu Thr Ser Ala Ala Asn Pro Leu Ala Asn Gly Ala
50 55 60

Ile Ser Phe Glu Asn Gly Asp Val Tyr Leu Gly Thr Gly Ser Ala Arg
Glu Arg Ile Gly Ser Val Asp Ala Thr Phe Asp Gly Gln Asp Gly Gln
85 90 95

Pro Leu Arg Ile Leu Phe Ser Ser Pro Leu Pro Asn Ala Gly Phe Glu
100 105 110

Glu Gly Glu Ala Asn Trp Thr Ile Arg Asp Glu Gln Tyr Gly Asp Asn
115 120 125

Gly Ser Glu Leu Asn Leu Asp Gly Leu Gln Ile Thr Leu Ala Asn Asp
130 135 140

Ser Ala Tyr Ser Gly Gly Thr Gly Thr Thr Asn Val Gln Ala Ser Ala
145 150 155 160

Gly Met Thr Trp Asp Gly Ser Val Gln Asp Gly Ala Gly Val Asp Gly
165 170 175

Ser Arg Ala Leu Tyr Leu Gly Ser Gly Gly Asn Ile Val Ala Gly Asp
180 185 190

Gln Asn Pro Ala Gly Gly Tyr Gln Val Asn Gly Tyr Gly Ser Ile His
195 200 205

Gly Pro Tyr Ala Thr Ser Ser Val Ile Thr Val Ala Gln Gly Asp Ser
210 215 220

Ile Ser Leu Asp Phe Gln Ala Val Gly Thr Ser Asp Asp Tyr Glu Val
225 230 235 240

Phe Gly Phe Leu Arg Arg Val Asp Ala Asn Gly Asn Phe Leu Ser Asn
245 250 255

Ser Val Ser Ser Pro Asp Asn Ile Leu Leu Phe Ala Gln Arg Gly Asp
260 265 270

Asp Thr Ser Gly Trp Thr Thr Ile Ser Lys Asp Gly Leu Pro Ala Gly
275 280 285

Ser Tyr Arg Phe Glu Phe Val Gly Gly Thr Tyr Asp Gly Thr Gly Gly
290 295 300

Leu Ala Val Gly Ser Asn Leu Phe Val Asp Asn Ile Arg Leu Ile Ser
305 310 315 320

Ala Thr Ser Val Asn Asp Ser Ile Ala Gln Ala Ile Ala Arg Gln Val
325 330 335

Ala Tyr Gln Asn Asp Ala Asn Asp Ala Pro Val Thr Arg Gln Ile Thr
340 345 350

Val Thr Ala Val Asp Gly Asn Gly Ile Ser Gly Ser Ser Ser Asn Gly
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355 360 365

Leu Thr Phe Glu Gly Glu Asn Asp Ala Pro Ser Leu Ala Asn Thr Thr
370 375 380

Leu Thr Ser Ile Ala Glu Asp Ser Ser Pro Ala Gly Gln Thr Ile Ala
385 390 395 400

Ala Ala Phe Gly Gly Ser Phe Ser Asp Pro Asp Asn Ala Tyr Ser Pro
405 410 415

Thr Asp Ser Met Ala Gly Val Val Ile Thr Gly Asn Ala Ala Thr Gly
420 425 430

Ala Gln Gly Asp Trp Gln Tyr Ser Thr Asp Gly Gly Thr Thr Trp Ile
435 440 445

Ser Val Gly Ser Val Thr Ser Gln Ser Gly Leu Val Leu Ser Ser Ala
450 455 460

Thr Leu Ile Arg Phe Glu Pro Ala Leu Asn Trp Asn Gly Thr Pro Gly
465 470 475 480

Ala Leu Thr Leu His Ala Leu Asp Ser Thr Tyr Gly Gly Ser Phe Thr
485 490 495

Ser Gly Thr Thr Ala Val Asn Leu Asp Thr Thr Gly Ala Thr Gly Thr
500 505 510

Gly Ala Leu Ser Gln Asn Ser Ala Thr Gly Ser Ile Thr Val Thr Pro
515 520 525

Val Asn Asp Ala Pro Val Phe Thr Ala Ala Pro Val Ala Leu Thr Val
530 535 540

Ala Asp Thr Glu Ala Val Asp Thr Pro Ala Ala Leu Thr Gly Ser Ile
545 550 555 560

Ser Ala Ser Asp Leu His Gly Gly Ala Pro Gly Glu Gly Gly Thr Leu
565 570 575

Ser Tyr Gly Val Gln Gly Gly Val Ser Ala Asn Gly Phe Ser Val Leu
580 585 590

Thr Leu Pro Tyr Gly Thr Leu Ser Val Asn Gln Ser Thr Gly Ala Tyr
595 600 605

Ser Phe Leu Pro Asn Pro Thr Ala Leu Asn Ser Leu Ala Glu Gly Ala
610 615 620

Glu Ala Asn Phe Ser Phe Thr Leu Thr Val Ser Asp Gly Gln Gly Gly
625 630 635 640

Thr Gln Thr Ala Pro Leu Asp Ile Thr Phe Thr Gly Ala Asn Asp Val
645 650 655

Pro Val Val Ser Ala Gln Thr Gly Thr Ala Val Glu Ala Ser Gly Leu
660 665 670

Asn Asn Asn Val Ala Gly Ser Ala Ala Thr Gly Ser Leu Leu Thr Gly
675 680 685

Pro Asn Ala Ala Thr Asp Ile Asp Gly Asp Glu Ile Ser Val Val Gly
690 695 700

Val Arg Thr Gly Gly Gln Ser Glu Thr Gly Thr Glu Gly Val Trp Thr
705 710 715 720

Asp Gly Thr Ile Thr Leu Gln Gly Thr Tyr Gly Thr Leu Thr Leu Asn
725 730 735

Glu Asp Gly Ser Trp Ser Tyr Ala Ala Asp Asp Asp Asn Pro Thr Val
740 745 750

Asp Gly Leu Thr Gly Pro Thr Asp Thr Leu Glu Glu Thr Phe Thr Tyr
755 760 765

Thr Val Thr Asp Ala Asn Gly Ala Thr Ala Ser Gln Glu Leu Thr Val
770 775 780
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Thr

785

Thr

Gly

Ala

Leu

Ala

865

Ser

Glu

Thr
Leu
945

Gln

Ala

Ala

Thr

Pro

Ser

Phe

Ala

Ile

Met

Tyr

Lys

Ser

Arg

Ile

Asp

Leu

Val

Thr

850

Thr

Pro

Ala

Asp

Thr

930

Ser

Ile

Gln

Thr

Asp

1010

Thr
1025

Ala
1040

Ala
1055

Asp
1070

Glu
1085

Val
1100

Ala
1115

Ser
1130

Ile
1145

Val
1160

Ile
1175

Ser

Ile

Val

Asp

835

Val

Ala

Val

Gly

Met

915

Gln

Thr

Ala

Glu

Leu

995

Phe

Gly

Ile

Met

Asn

Ala

Thr

Ser

Glu

Asn

Phe

Gly

Ser

Phe

820

Ala

Thr

Ile

Glu

Ala

900

Ile

Gly

Gly

Ala

Phe

980

Thr

Thr

Gly

Ala

Met

Gly

Arg

Thr

Ala

Thr

Val

Leu

Ile

Arg

Thr

805

Glu

Gly

Gly

Ser

Gly

885

Glu

Asn

Ser

Thr

Gly

965

Pro

Ala

Asn

Thr

Ile

Ser

Phe

Glu

Ala

Glu

Asn

Thr

Thr

Asn

Asn

790

Gly

Asp

Gln

Asn

Glu

870

Ser

Val

Asp

Ala

Ala

950

Ser

Asn

Thr

Asp Ala Leu Asn Val Ser Ser Ser Ile
795

Glu Asp Ala Asp Thr Gln Ile Asp Leu
810 815

Pro Asp Leu Gly Ser Glu Ile Tyr Glu
825 830

Gly Thr Leu Trp Thr Glu Gly Val Asp
840 845

Gly Thr Gly Gln Leu Val Leu Thr Gly
855 860

Trp Ile Ala Ala Asn Asp Leu Thr Tyr
875

Gly Ala Asp Thr Ile Ser Leu Ser Tyr
890 895

Arg Thr Ala Leu Glu Ser Ile Asp Val
905 910

Pro Ala Val Val Asp Val Asn Gly Ser
920 925

Gly Val Ala Glu Val Ala Gln Val Thr
935 940

Gln Val Leu Asn Phe Asp Gly Val Gln
955

Thr Ala Ala Glu Ile Ala Glu Ala Phe
970 975

Trp Thr Val Ser Leu Asp Gly Glu Gly
985 990

Ala Thr Gly Ala Arg Pro Asp Leu Thr Ala

1000 1005

Gly

800

Thr

Phe

Gly

Ser

Arg

880

Ser

Ala

Val

Phe

Met

960

Ala

Arg

Gly Ser Gly Ala Phe Ser Pro Leu Val Glu

1015 1020

Asp Gly Ser Ile Asn Phe Thr Ala Arg

1030 1035

Gly

Leu Pro Thr Leu Glu Leu Ser Asp Val Asp

1045 1050

Gly Ala Lys Val Ser Met Thr Glu Gly

1060 1065

Gly Thr Ile Tyr Glu Arg Leu Ser Leu

1075 1080

Phe Ala Gln Gln Asn Gly Val Gly Ile

1090 1095

Ala Ala Gly Ser Val Ile Thr Phe Thr

1105 1110

Val Tyr Glu Thr Ile Leu Arg Gly Val

1120 1125

Leu

Ser

Ser

Gly

Ile

Pro Asn Ala Val Ala Gly Thr Arg Pro Val

1135 1140

Asp Ser Asp Gly Leu Ala Ser Ser Leu

1150 1155

Glu Gly Asn Thr Asp Ile Ala Val Gly

1165 1170

Gly Val Asp Ser Gly Gln Val Val Ser

1180 1185

Ser

Gln

Met
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Leu

Gln

Ala

Ile

Leu

Asp

Ile

Ile

Asp

Gly

Glu

Asp

Asn

Ala

Ala

Gly

Leu

Glu

Gly

Tyr

Arg
1190

Glu
1205

Thr
1220

Asn
1235

Gly
1250

Ala
1265

Ile
1280

Glu
1295

Leu
1310

Gly
1325

Thr
1340

Ala
1355

Thr
1370

Asn
1385

Gly
1400

Asp
1415

Pro
1430

Ser
1445

Ala
1460

Leu
1475

Ser
1490

Gly
1505

Thr
1520

Thr
1535

Leu
1550

Val
1565

Gly

Asp

Pro

Thr

Val

Asp

Ile

Arg

Gly

Asp

Gln

Phe

Leu

Gly

Glu

Asp

Ala

Leu

Leu

Val

Thr

Phe

Gln

Pro

Gly

Val

His

Ala

Ala

Gly

Ala

Ile

Ile

Ala

Ser

Ser

Val

Phe

Ala

Arg

Thr

Gly

Ala

Gly

Asp

Pro

Gly

Tyr

Asp

Thr

Val

Thr

Ala

Ser

Gly

Thr

Ala

Val

Trp

His

Thr

Leu

Ala

Leu

Asp

Ala

Gly

Arg

Leu

Pro

His

Gly

Ala

Thr

Gln

Phe

Thr

Asn

Thr

Asp

Ala

Ser

Ser

Val

Ser

Ala

Arg

Ala

Asp

Pro

Ala

Ala

Ala

Val

Ile

Ile

Val

Val

Gly

Thr

Val

Pro

Leu

Ser

Asp

Ile

Leu

Thr

Glu

Phe
1195

Leu
1210

Ala
1225

Pro
1240

Thr
1255

Asp
1270

Val
1285

Val
1300

Ala
1315

Asn
1330

Asn
1345

Thr
1360

Val
1375

Ser
1390

Ala
1405

Phe
1420

Ala
1435

Gly
1450

Val
1465

Val
1480

Val
1495

Thr
1510

Ala
1525

Thr
1540

Val
1555

Asn
1570

Gly

Val

Ser

Gly

Val

Thr

Ala

Val

Glu

Arg

Gly

Gly

Tyr

Thr

Ile

Ala

Asn

Thr

Thr

Ala

Thr

Ala

Pro

Glu

Gly

Gly

Phe

Ala

Phe

Asp

Ile

Tyr

Arg

Leu

Tyr

Gly

Asn

Ala

Ala

Ala

Thr

Asp

Ala

Gln

Leu

Leu

Asn

Asp

Pro

Val

Asp

Ala

Thr

Gly

Ser

His

Gly

Asp

Ile

Ile

Thr

Leu

Ile

Leu

Ser

Asn

Gln

Glu

Ser

Gly

Leu

Leu

Ala

Val

Asn

Ala

Leu

Gln

Met

Gln

Gly

Gly

Asp

Thr

Met

Glu

Val

Asn

Gly

Thr

Thr

Ala

Met

Gly

Ile

Gly

Asp

Ala

Leu

Gln

Asn

Gly

Thr

Pro

Gln

Thr

Gln

Gly

Pro
1200

Gly
1215

Ala
1230

Asn
1245

Gln
1260

Asp
1275

Pro
1290

Ile
1305

Ile
1320

Gly
1335

Thr
1350

Asp
1365

Thr
1380

Asn
1395

Val
1410

Phe
1425

Ser
1440

Gly
1455

Leu
1470

Gly
1485

Ser
1500

Met
1515

Glu
1530

Leu
1545

Asp
1560

Gly
1575

Thr

Leu Ala Asp

Ser

Thr

Gly

His

Gln

Leu

Ser

Gly

Ala

Ser

Asp

Asp

Pro

Thr

Gly

Ile

Gly

Gln

Glu

Leu

Val

Gly

Asn

Val

Ile

Trp

Gly

Met

Ala

Ala

Glu

Asp

Lys

Ala

Thr

Phe

Ala

Met

Ile

Gly

Phe

Thr

Val

Ala

Gly

Ala

Ile

Thr

Ala

Asp

Ala

Gln

Gln

Asp

Gly

Pro

Gly

Asn

Ala

His

Ser

Gln

Pro

Asp

Ala

Ser

Ala

Ile

Ala

Gly

Val

Asn

Asp

Ser

Gly

Thr

Val

Tyr
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Arg

Gly

Pro

Trp

Ala

Ser

Asp

Arg

Thr

Leu

Glu

Gly

Leu

Leu

Gly

Gly

Ile

Asp

Ile

Gly

Tyr

Thr

Thr

1580

Leu
1595

Glu
1610

Asp
1625

Asp
1640

Gly
1655

Ser
1670

Ala
1685

Gly
1700

Asp
1715

Asp
1730

Thr
1745

Thr
1760

Thr
1775

Leu
1790

Asp
1805

Ser
1820

Ala
1835

Thr
1850

Ala
1865

Thr
1880

Asp
1895

Thr
1910

Val
1925

Val
1940

Val
1955

Thr
1970

Ala

Val

Gly

Gly

Pro

Pro

Glu

Pro

Gly

Ile

Glu

Ile

Ser

Arg

Ala

Asp

Tyr

Glu

Leu

Pro

Gly

Asp

Asn

Ser

Val

Gly

Leu

Glu

Ala

Gly

Gly

Ser

Ala

Asp

Glu

Phe

Leu

Ser

Leu

Ala

Pro

Leu

Leu

Met

Glu

Ala

Asn

Pro

Ser

Ser

Ile

Gly

Leu

Asn

Thr

Asn

Ala

Ile

Val

Glu

Thr

Ser

Thr

Gly

Arg

Ile

Thr

Asn

Glu

Ile

Asp

Val

Gly

Thr

Ser

Thr

Gly

Thr

Leu

Ala

Gly

Ala

Ser

Ser

Ala

Gly

Thr

Ala

Ile

Ala

Tyr

Ser

Asp

Gly

Gly

Asp

Ala

Leu

Thr

Asn

Thr

Asp

Met

1585

Asp
1600

Gly
1615

Thr
1630

Thr
1645

Ser
1660

Ala
1675

Met
1690

Leu
1705

Ala
1720

Val
1735

Ser
1750

Ser
1765

Gly
1780

Glu
1795

Val
1810

Phe
1825

Pro
1840

Ser
1855

Gln
1870

Val
1885

Pro
1900
His
1915

Phe
1930

Ala
1945

Ala
1960

Glu
1975

Trp

Ala

Glu

Ala

Asn

Thr

Gly

Phe

Ala

Asp

Gly

Gly

Ser

Thr

Ile

Ser

Gly

Asp

Asn

Ala

Glu

Gln

Pro

Asp

Leu

Ile

Asp

Ala

Gly

Arg

Val

Glu

Ser

Val

Asn

Ser

Thr

Met

Thr

Val

Leu

Gly

Ser

Gly

Gly

Leu

Ile

Leu

Thr

Gly

Gly

Asp

Asp

Gln

Asn

Gly

Glu

Gly

Asp

Ser

Ala

Thr

Gly

Glu

Asn

Thr

Pro

Glu

Gln

Asn

Ser

Ala

Arg

Ala

Ala

Asn

Glu

Val

Arg

Leu

Val

Gly

Val

Asn

Glu

Gln

Phe

Phe

Val

Asp

Pro

Asp

Val

Gly

Ala

Thr

Ala

Ala

Leu

Leu

Ala

Pro

Arg

1590

Thr
1605

Ile
1620

Ser
1635

Val
1650

Thr
1665

Thr
1680

Thr
1695

Thr
1710

Ile
1725

Gly
1740

Val
1755

Ala
1770

Tyr
1785

Asn
1800

Glu
1815

Glu
1830

Arg
1845

Ile
1860

Val
1875

Glu
1890

Leu
1905

Thr
1920

Arg
1935

Glu
1950

Gly
1965

Arg
1980

Leu

Arg

Tyr

Ala

Ser

Ala

Phe

Leu

Val

Thr

Ala

Gly

Arg

Ala

Thr

Trp

Asp

Ala

Glu

Met

Asn

Ser

Ala

Arg

Val

Thr

Asp

Phe

Tyr

Gly

Ala

Val

Tyr

Gln

Ile

Thr

Gln

Asp

Glu

Phe

Gly

Ala

His

Thr

Val

Leu

Ile

Glu

Val

His

Pro

Gly

Pro

Ser

Ala

Ile

Phe

Asn

Ala

Leu

Thr

Tyr

Ser

Pro

Ala

Ala

Ala

Thr

Ser

Ala

Val

Phe

Val

Glu

Arg

Val

Ala

Cys
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Gly Ser Leu Asp Leu Leu Arg Gly Val Arg Asp Pro Gln Pro Ala
1985 1990 1995

Val Gly Arg Ser Ala Ala Ala Arg Arg His Ala Gly Arg Cys Arg
2000 2005 2010

Arg Ala Arg Ala Glu Pro Ala Gly His Arg Met Ala Ala Gly Arg
2015 2020 2025

Cys Gly Asp Arg Phe Gly Gln Arg His Ala Gly Leu His Ala Glu
2030 2035 2040

Thr Gly Gly Cys Arg Pro Cys His Gln Arg Pro His His Leu His
2045 2050 2055

Arg Arg
2060

<210> SEQ ID NO 137

<211> LENGTH: 747

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 137

atgaaccaga tcgatctgge cggccgegtg gecgtggtga cgggeggege gcaggggate 60
gggegegeeyg tggecgageg gcetgatcgece tegggggege gggtetgect gtgggacege 120

gacgceggge gggccegegge gacggeggee gaactgggeg ggaacagcett ctttecaggtg 180

gtggatcagyg tggatttcac ggcggtaaag gccgcecgecg acgccaccga agcecacggge 240
ggceggateyg acatcctgat cgccaacgceg ggcatcgecg geagcaatge gecggtegece 300
gactaccegy tcgaggaatg gcaccgcatce atcgatatca acctgaacgg tgtcttccat 360
tgctgcaagg cggtggtgce cggcatgaag geccacggat acgggcgcat cgtcacggte 420
gectegateg ceggcaagga aggcaatccce aatgeggecg cctattegge ctegaaggec 480
ggggtcateyg ctttgaccaa atcgetggge aaggaggteg ceggccagga tatcgecgte 540
aattgcgtga ccceggecge cgcccgeacg cagatctteg accagatgge gcagagcecac 600
atcgactaca tgctgtcgeg catccegege ggecgettte tggatctgga cgaggecgeg 660
gecgatgateg cgtggetgge cagtgecgag aacagcettta ccaccggtge cgtcettcegat 720
ctecteeggeg gecgggcecac ctattga 747

<210> SEQ ID NO 138

<211> LENGTH: 248

<212> TYPE: PRT

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 138

Met Asn Gln Ile Asp Leu Ala Gly Arg Val Ala Val Val Thr Gly Gly
1 5 10 15

Ala Gln Gly Ile Gly Arg Ala Val Ala Glu Arg Leu Ile Ala Ser Gly
20 25 30

Ala Arg Val Cys Leu Trp Asp Arg Asp Ala Gly Arg Ala Ala Ala Thr
35 40 45

Ala Ala Glu Leu Gly Gly Asn Ser Phe Phe Gln Val Val Asp Gln Val
50 55 60

Asp Phe Thr Ala Val Lys Ala Ala Ala Asp Ala Thr Glu Ala Thr Gly
65 70 75 80

Gly Arg Ile Asp Ile Leu Ile Ala Asn Ala Gly Ile Ala Gly Ser Asn
85 90 95
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Ala Pro Val
Ile Asn Leu
115

Met Lys Ala
130

Gly Lys Glu
145

Gly Val Ile

Asp Ile Ala

Phe Asp Gln
195

Pro Arg Gly
210

Trp Leu Ala
225

Leu Ser Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Asp Tyr Pro Val

100

Asn Gly Val Phe His

120

His Gly Tyr Gly Arg

135

Gly Asn Pro Asn Ala
150

Ala Leu Thr Lys Ser

165

Val Asn Cys Val Thr

180

Met Ala Gln Ser His

200

Arg Phe Leu Asp Leu

215

Ser Ala Glu Asn Ser
230

Gly Arg Ala Thr Tyr

245
D NO 139
H: 936

DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 139

atgtcggtgg
cgggeeggec
acctatatcg
ceggacgegy
gecegecaca
gagctecgacyg
cctteggect
aatccgeege
acgetggece
cgcgaggtgg
cggetggteg
ctggegetge
ggegtgegeg
cgggaaagceg
cgeetgeage

ctegeegect

<210> SEQ I

<211> LENGT.
<212> TYPE:

gagtgattgg

acgaggteceg

ccgagatget

tgctggagcg

ttcaggaaag

ctctggecga

tcaccgagygyg

acctcattcce

ggaccgagac

acggcttect

atgcgggect

getgggtett

actatgtege

ccgactggte

aggaggcget
tcecgeegeca

D NO 140

H: 311
PRT

aaccggette

gctgtgggat

geeggatetyg

gatccgegte

cgececcecgag

tceceggegeyg

getggeaggyg

gctggtcgag

gcteatgege

gctgaacegyg

cgecteggec

catggggccg

ccgetaccag

ngCCngtg

gcgegeeegy

atccctgeaa

Glu Glu Trp
105

Cys Cys Lys

Ile Val Thr

Ala Ala Tyr

155

Leu Gly Lys
170

Pro Ala Ala
185

Ile Asp Tyr

Asp Glu Ala

Phe Thr Thr
235

eroides

gteggecggg
ceggegeceyg
geggecgegy
geceeggaca
gatctgette
gtgatcgcaa
gegggecget
ctggtgcegg
gagatcggece
atccaggeceg
gatgcggtgg
ttcgagacca
ccgatgttec
ctcgaccgga
cagatgtgge

tcctag

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 140

His Arg Ile
110

Ala Val Val
125

Val Ala Ser
140

Ser Ala Ser

Glu Val Ala

Ala Arg Thr

190

Met Leu Ser
205

Ala Ala Met
220

Gly Ala Val

getgggegat
acgccgecga
acctgetggy
tggccaccge
tgaagaccge
gcetectecte
gectegtege
cgcegtggac
agagcccggt
cggtgetega
atgcctgect
tcgacctcaa
gcaggctcac
tcgaggecga

gegacegecg

Ile Asp

Pro Gly

Ile Ala

Lys Ala

160

Gly Gln
175

Gln Ile

Arg Ile

Ile Ala

Phe Asp
240

ctgecttgee
ggcegecege
cggecgegece
cgteegegge
getettegee
ggcgettetyg
ccatceggte
cgacgaggag
geggetcgag
cgaggectte
cegegacggt
cgegeccgag
cgacacgatyg
cegecgegeg

gctgatggcg

Met Ser Val Gly Val Ile Gly Thr Gly Phe Val Gly Arg Gly Trp Ala

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

936
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1 5 10 15

Ile Cys Leu Ala Arg Ala Gly His Glu Val Arg Leu Trp Asp Pro Ala
20 25 30

Pro Asp Ala Ala Glu Ala Ala Arg Thr Tyr Ile Ala Glu Met Leu Pro
35 40 45

Asp Leu Ala Ala Ala Asp Leu Leu Gly Gly Arg Ala Pro Asp Ala Val
50 55 60

Leu Glu Arg Ile Arg Val Ala Pro Asp Met Ala Thr Ala Val Arg Gly
65 70 75 80

Ala Arg His Ile Gln Glu Ser Ala Pro Glu Asp Leu Leu Leu Lys Thr
85 90 95

Ala Leu Phe Ala Glu Leu Asp Ala Leu Ala Asp Pro Gly Ala Val Ile
100 105 110

Ala Ser Ser Ser Ser Ala Leu Leu Pro Ser Ala Phe Thr Glu Gly Leu
115 120 125

Ala Gly Ala Gly Arg Cys Leu Val Ala His Pro Val Asn Pro Pro His
130 135 140

Leu Ile Pro Leu Val Glu Leu Val Pro Ala Pro Trp Thr Asp Glu Glu
145 150 155 160

Thr Leu Ala Arg Thr Glu Thr Leu Met Arg Glu Ile Gly Gln Ser Pro
165 170 175

Val Arg Leu Glu Arg Glu Val Asp Gly Phe Leu Leu Asn Arg Ile Gln
180 185 190

Ala Ala Val Leu Asp Glu Ala Phe Arg Leu Val Asp Ala Gly Leu Ala
195 200 205

Ser Ala Asp Ala Val Asp Ala Cys Leu Arg Asp Gly Leu Ala Leu Arg
210 215 220

Trp Val Phe Met Gly Pro Phe Glu Thr Ile Asp Leu Asn Ala Pro Glu
225 230 235 240

Gly Val Arg Asp Tyr Val Ala Arg Tyr Gln Pro Met Phe Arg Arg Leu
245 250 255

Thr Asp Thr Met Arg Glu Ser Ala Asp Trp Ser Gly Pro Val Leu Asp
260 265 270

Arg Ile Glu Ala Asp Arg Arg Ala Arg Leu Pro Gln Glu Ala Leu Arg
275 280 285

Ala Arg Gln Met Trp Arg Asp Arg Arg Leu Met Ala Leu Ala Ala Phe
290 295 300

Arg Arg Gln Ser Leu Gln Ser
305 310

<210> SEQ ID NO 141

<211> LENGTH: 741

<212> TYPE: DNA

<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 141

gtgaccggtyg ggctectegt gacgggegge agceggegceca teggtggege actcetgeegyg 60

atcgeggece ggcagcaccee ggtgtgggte ggetacggeg cgggggecegg acgggeccegg 120

geccttgeeyg ccgagatcac gcaggeggge ggacgggeog agecgetgge getgecgett 180
caggatcceg cagcgetega gaccgegetyg geageactte cegagecgee cgegtcacte 240
gegetetgeg cctggeccege geccttegtyg gegeoctteg ggegtcaggyg cgaggatcetg 300

gegettecagg cggeggeget tgceggetgt cacgegetga tegecacgge ctggeggetc 360
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tggtggegge
cecegtggece
geggeggecg
ttcgtegaga
gacgccggag
gacgcaccge

gatgaaaagc

gegegggegy
gccacatgge
ccgecgaact
cgcegatget
gcaggttect
cececeegeagy

aaaccgcettyg

<210> SEQ ID NO 142
<211> LENGTH: 246

<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 142

cgggecatgtg
cgectatgtyg
ggggeccgeg
cggegectte
gtcecctgaa
gacggtgcag

a

Rhodobacter spha

Met Thr Gly Gly Leu Leu Val Thr

1

5

ctggeegtec
gegecagaagg
gggctgceggy
gacccgegece
cgegtggege

gacattcatc

eroides

Gly Gly Ser

tgtcggeege gtecgagecg
cggegetgeg cgecctgete
tgagcgtggt ggcccccegge
tgctggageyg cgcccegggece
aggcgcetegt cgecgegete

tggctgagga ggtggagagce

Gly Ala Ile Gly Gly
15

Ala

Gly

Ala

Ala

65

Ala

Gly

Leu

His
145

Ala

Arg

Pro

Pro
225

Asp

Leu

Ala

Gly

50

Leu

Leu

Glu

Ile

Val

130

Met

Ala

Ala

Leu

Glu

210

Ala

Glu

Cys

Gly

35

Gly

Glu

Cys

Asp

Ala

115

Leu

Ala

Ala

Pro

Leu

195

Arg

Gly

Lys

Arg

20

Ala

Arg

Thr

Ala

Leu

100

Thr

Ala

Ala

Ala

Gly

180

Glu

Val

Thr

Gln

Ile

Gly

Ala

Ala

Trp

85

Ala

Ala

Val

Tyr

Ala

165

Phe

Arg

Ala

Val

Thr
245

<210> SEQ ID NO 143

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE:

atggccgagyg ccgacaccga goegecggecoe cacatceegg tgetgetgeg tcectettetg

996

143

Ala

Arg

Glu

Leu

70

Pro

Leu

Trp

Leu

Val

150

Glu

Val

Ala

Gln

Gln
230

Ala

Ala

Ala

Pro

55

Ala

Ala

Gln

Arg

Ser

135

Ala

Leu

Glu

Arg

Ala

215

Asp

Arg

Arg

40

Leu

Ala

Pro

Ala

Leu

120

Ala

Gln

Gly

Thr

Ala

200

Leu

Ile

Gln

25

Ala

Ala

Leu

Phe

Ala

105

Trp

Ala

Lys

Pro

Pro

185

Asp

Val

His

His

Leu

Leu

Pro

Val

90

Ala

Trp

Ser

Ala

Ala

170

Met

Ala

Ala

Leu

Pro

Ala

Pro

Glu

75

Ala

Leu

Arg

Glu

Ala

155

Gly

Leu

Gly

Ala

Ala
235

Val

Ala

Leu

60

Pro

Pro

Ala

Arg

Pro

140

Leu

Leu

Gly

Gly

Leu

220

Glu

Trp

Glu

45

Gln

Pro

Phe

Gly

Ala

125

Pro

Arg

Arg

Ala

Arg

205

Asp

Glu

Val

30

Ile

Asp

Ala

Gly

Cys

110

Gly

Val

Ala

Val

Phe

190

Phe

Ala

Val

Gly

Thr

Pro

Ser

Arg

95

His

Gly

Ala

Leu

Ser

175

Asp

Leu

Pro

Glu

Tyr

Gln

Ala

Leu

80

Gln

Ala

Gly

Arg

Leu

160

Val

Pro

Ser

Pro

Ser
240

420

480

540

600

660

720

741

60
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304

-continued
geegeggtgyg cgecggtcega gggcacatgg ctegacggea ccttegggge gggeggttat 120
gegeggggte tgctegagge gggegeggac cgggtgateg gegtegacceyg cgatcegetce 180
gegetgaaga tggectecgg ctgggegggt gactacggeg accgectgeyg cctegtggeg 240
ggcaccttet cgcagetcga cagecatgeg ggegegecee tegacggggt ggtgetegat 300
cteggegtet cctecatgea getegatetyg gecgaacgeg gettcetegtt ccagaaggac 360
ggccegeteg acatgcegcat gagccaagag ggcgaaagceg cggecgatct ggtcaatacce 420
gecteegagg agacgctgge cgacattcete tatcattatg gegaggageg cgectegege 480
cgcategece gegecategt cgaggecege gecgeggege cecatcaceeg cacgetegeg 540
ctggccgaga tegtggegeg ctgectgecg cggecgaage ceggcecagat gcacceggec 600
acccgcaget ttcaggegat cegtategeg gtgaatgeeg aattctegga actggtcegag 660
gggctegagg cggccgageg cgcegcetcagyg cceggeggee ggctegeogt cgtcacctte 720
cacagccteg aggaccggat cgtgaaacgg ttectecage tecgeteggg cggcgagggg 780
cagggcaacce gctacgecee cgagacgege gecgatgege cecgettcac tettecegete 840
cgtegtgeca tcageccgga cgaggceggaa ctegecgaga atcegegege ceggteggece 900
cggetgeggyg tgggegteeg gacggacgee cccgegggaa aggtcgatce gecaggegete 960
ggcacccege tcatcccgaa gaaaggacgce cgctga 996
<210> SEQ ID NO 144
<211> LENGTH: 331
<212> TYPE: PRT
<213> ORGANISM: Rhodobacter sphaeroides

<400> SEQUENCE: 144

Met
1
Arg
Gly
Ala
Ala
65

Gly

Arg

Gln

Thr

145

Arg

Arg

Lys

Ala

Pro

Thr

Asp

50

Ser

Thr

Val

Gly

Glu

130

Leu

Ile

Thr

Pro

Glu

Leu

Phe

35

Arg

Gly

Phe

Leu

Phe

115

Gly

Ala

Ala

Leu

Gly
195

Ala Asp Thr Glu Arg

5

Leu Ala Ala Val Ala

20

Gly Ala Gly Gly Tyr

40

Val Ile Gly Val Asp

55

Trp Ala Gly Asp Tyr

70

Ser Gln Leu Asp Ser

85

Asp Leu Gly Val Ser

100

Ser Phe Gln Lys Asp

120

Glu Ser Ala Ala Asp

135

Asp Ile Leu Tyr His
150

Arg Ala Ile Val Glu

165

Ala Leu Ala Glu Ile

180

Gln Met His Pro Ala

200

Arg Pro His
10

Pro Val Glu
25

Ala Arg Gly

Arg Asp Pro

Gly Asp Arg

75

His Ala Gly
90

Ser Met Gln
105

Gly Pro Leu

Leu Val Asn
Tyr Gly Glu
155

Ala Arg Ala
170

Val Ala Arg
185

Thr Arg Ser

Ile Pro Val
Gly Thr Trp
30

Leu Leu Glu
45

Leu Ala Leu
60

Leu Arg Leu

Ala Pro Leu

Leu Asp Leu
110

Asp Met Arg
125

Thr Ala Ser
140

Glu Arg Ala

Ala Ala Pro

Cys Leu Pro
190

Phe Gln Ala
205

Leu Leu
15

Leu Asp

Ala Gly

Lys Met

Val Ala
80

Asp Gly
95

Ala Glu

Met Ser

Glu Glu

Ser Arg
160

Ile Thr
175

Arg Pro

Ile Arg
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-continued

306

Ile Ala Val
210

Ala Glu Arg
225

His Ser Leu

Gly Gly Glu

Ala Pro Arg

275

Ala Glu Leu
290

Gly Val Arg
305

Gly Thr Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Asn Ala Glu Phe Ser

215

Ala Leu Arg Pro Gly
230

Glu Asp Arg Ile Val

245

Gly Gln Gly Asn Arg

260

Phe Thr Leu Pro Leu

280

Ala Glu Asn Pro Arg

295

Thr Asp Ala Pro Ala
310

Leu Ile Pro Lys Lys

325
D NO 145
H: 744

DNA

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 145

atgaccggac

cgcgagtecyg

gaggcggegy

accgacgagg

ganggCth

gaggagttce

gegetgeegt

gegetgetge

ttctegaaga

ggggccaccg

aaggcgctgg

ggcatcctgt

gacaacggcce

<210> SEQ I

<211> LENGT.
<212> TYPE:

gtetggcagg
cgcgecagtt
cgcaggtgac
cggeggtega
tcaattecgge
geegggtggt
ggctgcegcaa
cctegetgac
gcatcgccaa
agacgccgat
cegeggteta
tcctgatgte
gcacctteca
D NO 146

H: 247
PRT

ccgcaagatce

¢gegegegag

dgcggacgag

aaccgtegtyg

gggcatccty

ggatgtgaac

ggagccgaag

cggeteggec

ggaacttgce

gaccgatcag

tgcgatgaac

ggacgaggcc

ttga

<213> ORGANISM: Rhodobacter spha

<400> SEQUENCE: 146

Met Thr Gly
1

Ser Gly Ile
Thr Leu Ala
35

Asp Glu Thr
50

Arg Leu Ala Gly Arg

5

Gly Arg Glu Ser Ala

20

Leu Ile Asp Arg Asp

40

Gly Gly His Val Phe

55

Glu Leu Val
Gly Arg Leu
235

Lys Arg Phe
250

Tyr Ala Pro
265

Arg Arg Ala

Ala Arg Ser

Gly Lys Val

315

Gly Arg Arg
330

eroides

gtcatcaccyg
ggggegacge
acggggggec
ggeegegegy
accatgaaga
ctgacgggga
geegecateg
tatgcecgect
ceggeggtge
ggegtggege
cgtetggece

geggecatca

eroides

Lys Ile Val
10

Arg Gln Phe
25

Glu Ala Ala

Ala Leu Asp

Glu Gly Leu
220

Ala Val Val

Leu Gln Leu

Glu Thr Arg

270

Ile Ser Pro
285

Ala Arg Leu
300

Asp Pro Gln

gagcaggcete
tggcgetgat
atgtcttege
cggaggeget
cegtggacga
ccttectegt
tcaacatcge
cgaaggccge
gggtgaacat
ccgacgatgt
agcccgagga

cgggcgtcgc

Ile Thr Gly
Ala Arg Glu
30

Ala Gln Val
45

Val Thr Asp
60

Glu Ala
Thr Phe
240

Arg Ser
255

Ala Asp

Asp Glu

Arg Val

Ala Leu
320

gggcatcgge
cgaccgcgac
getegacgtyg
cggeggeatce
tatcggegte
ctgtcaggeyg
cteggegeag
ggtgatgatg
catctgeeeyg
ggegggecge
gatcgeggeg

getggegate

Ala Gly
15
Gly Ala

Thr Ala

Glu Ala

60

120

180

240

300

360

420

480

540

600

660

720

744
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308

Ala Val Glu
65

Asp Gly Leu

Asp Ile Gly

Gly Thr Phe

115

Pro Lys Ala
130

Ser Leu Thr
145

Phe Ser Lys

Ile Ile Cys

Ala Pro Asp

195

Met Asn Arg
210

Leu Met Ser
225

Asp Asn Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

<213> ORGANISM: Rhodobacter

Thr Val Val Gly Arg

70

Leu Asn Ser Ala Gly

85

Val Glu Glu Phe Arg

100

Leu Val Cys Gln Ala

120

Ala Ile Val Asn Ile

135

Gly Ser Ala Tyr Ala
150

Ser Ile Ala Lys Glu

165

Pro Gly Ala Thr Glu

180

Asp Val Ala Gly Arg

200

Leu Ala Gln Pro Glu

215

Asp Glu Ala Ala Ala
230

Arg Thr Phe His

245
D NO 147
H: 1194

DNA

<400> SEQUENCE: 147

atgaaccagc

gecategece

cccaaggtygyg

gtgggcggeg

gecgacgect

gectattgea

gccgggatgc

ggcaaatatc

gtgatggacg

tggeggecgg

acgggcagcyg

cgegeggtec

gectgtgegg

accegeateg

gtcttecgee

ctgegettet

atgcgegege

cgecttetget

agaacacgat

cectegtgeg

tgcaggccat

cccaggecga

ngCngCtg

dcgaggaggce

tegggecggg

getteggeag

agggcggcat

ccteggaggt

tcgattacac

agcgeggect

gccacaccgg

cctteggeaa

acgatttege

acgccgagat

getteeggea

acacgatggg

ttcegeaget

dgccgaggceyg

caaggaggcyg

catggccgat

gtcegetgatyg

ggtggecgag

ngCthgCg

cggetegetyg

gegcaagety

cacgttecgac

gctggaggaa

gegegactgg

ggtggCgCtC

gaagcgcccyg

ctatcacgag

ccaggagtat

gaactgcatc

cggcetecgag

Ala

Ile

Arg

105

Ala

Ala

Ala

Leu

Thr

185

Lys

Glu

Ile

Ala

Leu

90

Val

Leu

Ser

Ser

Ala

170

Pro

Ala

Ile

Thr

sphaeroides

Glu Ala Leu Gly Gly Ile

75

Thr

Val

Pro

Ala

Lys

155

Pro

Met

Leu

Ala

Gly
235

cctgeggaca

caggccetegyg

ggcctettet

tgcatgcgeg

gccaactcega

atctacggeg

aaggagaccg

catgcgacct

cctgacggea

aatgaatgga

gccacgatee

cggcetetacy

ggcetgatge

gectatcaga

gegagcetate

ctggaggcgg

tatgtccaca

gegetgegeg

Met Lys Thr
Asp Val Asn
110

Trp Leu Arg
125

Gln Ala Leu
140

Ala Ala Val

Ala Val Arg

Thr Asp Gln

190

Ala Ala Val
205

Ala Gly Ile
220

Val Ala Leu

cgatggccega
aagagctegg
ggatgctect
cctgggaaga
caggcaccge
gececgaact
agggcgeget
ggatcggege
geceegtegt
acgtgcetegyg
cegegggett
acatcggcat
geegegeget
cegtgetggy
acgeggegeg
geggegaget
aggtegegge

agccgagega

Val Asp
95

Leu Thr

Lys Glu

Leu Pro

Met Met

160

Val Asn
175

Gly Val

Tyr Ala

Leu Phe

Ala Ile
240

acgggeccgyg
gacgatgacg
cgagcgcaag
gatcgecgece
cgttecttac
gecgatcatg
ccacggcage
gggcatgtte
gegegtetge
cctgegegge
ccaccacgag
ccegggecte
ggaagagatc
cgaccagcag
cgacttcace
cacgcecgec
cgaggttgtyg

tctegggege

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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310

tgcatgcgeg acatgtatge cgcgacccag catatctteg tegatacgat cgecatgcag

gacatcgegg tgccgatcct cgccgaatgyg agagagcagg ccgecgegca atga

<210> SEQ ID NO 148

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Rhodobacter

PRT

<400> SEQUENCE:

Met

1

Glu

Ser

Glu

Gln

65

Ala

Ala

Gly

Ser

Phe
145

Trp

Glu

Arg

225

Ala

Leu

Gln

Ala
305

Met

Ala

Asn

Arg

Glu

Ala

50

Ala

Asp

Val

Gly

Ala

130

Gly

Met

Arg

Asn

Glu

210

Gly

Cys

Glu

Thr

Glu

290

Glu

Arg

Glu

Gln

Ala

Glu

35

Gly

Asp

Ala

Pro

Pro

115

Lys

Ser

Asp

Val

Val

195

Ala

Leu

Ala

Glu

Val

275

Ala

Ile

Ala

Val

Gln

Arg

20

Leu

Leu

Met

Ser

Tyr

100

Glu

Glu

Gly

Glu

Cys

180

Leu

Thr

Arg

Gly

Ile

260

Leu

Ser

Gln

Arg

Val
340

397

148

Asn

5

Ala

Gly

Phe

Ala

Ala

85

Ala

Leu

Thr

Ser

Gly

165

Trp

Gly

Ile

Asp

His

245

Thr

Gly

Tyr

Glu

Phe
325

Arg

Thr

Ile

Thr

Trp

Asp

70

Gly

Tyr

Pro

Glu

Leu

150

Gly

Arg

Leu

Pro

Trp

230

Thr

Arg

Asp

His

Tyr

310

Arg

Phe

Ile

Ala

Met

Met

55

Cys

Trp

Cys

Ile

Gly

135

His

Met

Pro

Arg

Ala

215

Arg

Gly

Ile

Gln

Ala
295
Leu

Gln

Cys

sphaeroides

Ser

Pro

Thr

40

Leu

Met

Ser

Ser

Met

120

Ala

Ala

Arg

Ala

Gly

200

Gly

Leu

Val

Ala

Gln

280

Ala

Glu

Asn

Tyr

Ala

Leu

25

Pro

Leu

Arg

Leu

Glu

105

Ala

Leu

Thr

Lys

Ser

185

Thr

Phe

Tyr

Ala

Phe

265

Val

Arg

Ala

Cys

Thr
345

Ala

Val

Lys

Glu

Ala

Met

90

Glu

Gly

His

Trp

Leu

170

Glu

Gly

His

Asp

Leu

250

Gly

Phe

Asp

Gly

Ile
330

Met

Pro

Arg

Val

Arg

Trp

75

Ala

Ala

Met

Gly

Ile

155

Pro

Val

Ser

His

Ile

235

Gly

Lys

Arg

Phe

Gly
315

Tyr

Gly

Ala

Ala

Val

Lys

60

Glu

Asn

Val

Leu

Ser

140

Gly

Asp

Thr

Val

Glu

220

Gly

Leu

Lys

His

Thr
300
Glu

Val

Gly

Asp

Glu

Gln

45

Val

Glu

Ser

Ala

Gly

125

Gly

Ala

Gly

Phe

Asp

205

Arg

Ile

Met

Arg

Asp

285

Leu

Leu

His

Ser

Thr

Ala

30

Ala

Gly

Ile

Thr

Glu

110

Pro

Lys

Gly

Ser

Asp

190

Tyr

Ala

Pro

Arg

Pro

270

Phe

Arg

Thr

Lys

Glu
350

Met

15

Gln

Ile

Gly

Ala

Gly

95

Ile

Gly

Tyr

Met

Pro

175

Asn

Thr

Val

Gly

Arg

255

Ala

Ala

Phe

Pro

Val

335

Ala

Ala

Ala

Lys

Ala

Ala

80

Thr

Tyr

Gly

Arg

Phe

160

Val

Glu

Leu

Gln

Leu

240

Ala

Tyr

Tyr

Tyr

Ala
320

Ala

Leu
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311

-continued

312

Arg Glu Pro
355

Thr Gln His

Ser Asp Leu Gly Arg Cys Met Arg Asp Met Tyr Ala Ala
360 365

Ile Phe Val Asp Thr Ile Ala Met Gln Asp Ile Ala Val

370 375 380

Pro Ile Leu Ala Glu Trp Arg Glu Gln Ala Ala Ala Gln
385 390 395

<210> SEQ ID NO 149

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer tpnRL13-2

<400> SEQUENCE: 149

cagcaacacce ttcttcacga

<210> SEQ ID NO 150

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer tpnRL17-1.

<400> SEQUENCE: 150

aacaagccag ggatgtaacg

<210> SEQ ID NO 151

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL58.

<400> SEQUENCE: 151

gecattctaga cgaggcctac gattatctge

<210> SEQ ID NO 152

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL59.

<400> SEQUENCE: 152

cgataagett gtegggtegt ttaccagaac

<210> SEQ ID NO 153

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL60O.

<400> SEQUENCE: 153

cggaccgtte tgcgaagea

<210> SEQ ID NO 154

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL63.

<400> SEQUENCE: 154

20

20

30

30

19
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314

ttcaggcgee gaccgggact

<210> SEQ ID NO 155

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL72.

<400> SEQUENCE: 155

tatctectteg atttegagea geecc

<210> SEQ ID NO 156

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL84.

<400> SEQUENCE: 156

atgttgacct cgtcggaatg

<210> SEQ ID NO 157

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL85.

<400> SEQUENCE: 157

gcaagaagat caccgaccte

<210> SEQ ID NO 158

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL86.

<400> SEQUENCE: 158

tccttgagee agatgtcegag gat

<210> SEQ ID NO 159

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL87.

<400> SEQUENCE: 159

aggccttgac caacctgatg aaga

<210> SEQ ID NO 160

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer KCL88.

<400> SEQUENCE: 160

ttccagectga tgatagagea ccac

<210> SEQ ID NO 161

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

20

24

20

20

23

24

24



US 11,008,577 B1

315

316

-continued

<220> FEATURE:
<223> OTHER INFORMATION: Primer KCL89.

<400> SEQUENCE: 161

tcaccttegg cgctattteg atet

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 162

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer KCL116.
<400>

SEQUENCE: 162

gectttgteg ggatggaac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 163

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer ChrR-UP1.
<400>

SEQUENCE: 163

gegecageat atgagttgag tgag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 164

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer ChrR-DS1.
<400>

SEQUENCE: 164

cgtgaatgac aggggtcgec

24

19

24

20

What is claimed is:

1. A recombinant microorganism comprising one or more
genetic modifications with respect to a corresponding micro-
organism not comprising the one or more genetic modifi-
cations, wherein:

the one or more genetic modifications comprise at least

one of:

a genetic modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the
corresponding microorganism; and

a genetic modification that reduces the activity of
RSP2840 or a homolog thereof with respect to the
corresponding microorganism;

the recombinant microorganism exhibits enhanced lipid

production with respect to the corresponding microor-

ganism; and

the recombinant microorganism is Rhodobacter sphaeroi-

des or a member of the genus Rhodopseudomonas.

2. The recombinant microorganism of claim 1, wherein
the recombinant microorganism exhibits enhanced lipid
secretion with respect to the corresponding microorganism.

3. The recombinant microorganism of claim 1, wherein
the one or more genetic modifications comprise the genetic
modification that reduces the activity of the RSP2839 or
homolog thereof and the genetic modification that reduces
the activity of the RSP2840 or homolog thereof.

4. The recombinant microorganism of claim 3, wherein
the homolog of RSP2839 is an NtrY and the homolog of
RSP2840 is an NtrX.

40

45

55

65

5. A recombinant microorganism comprising genetic
modifications with respect to a corresponding microorgan-
ism not comprising the genetic modifications, wherein:

the genetic modifications comprise:

at least one of:

a genetic modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the
corresponding microorganism; and

a genetic modification that reduces the activity of
RSP2840 or a homolog thereof with respect to the
corresponding microorganism; and

one or more modifications that reduce the activity of

one or more of an acyl-CoA dehydrogenase, an
enoyl-CoA hydratase, a 3-hydroxyacyl-CoA dehy-
drogenase, and a 3-ketoacyl-CoA thiolase and/or
increase the activity of one or more of an acyl-CoA
synthetase, an acetyl-CoA carboxylase, an acetyl
CoA:ACP transacylase, a malonyl CoA:ACP
transacylase, a p-ketoacyl-ACP synthase, a §-ketoa-
cyl-ACP reductase, a p-hydroxyacyl-ACP dehy-
drase, an enoyl-ACP reductase, a glycerol-3-phos-
phate acyltransferase, and a 1-acylglycerol-3-
phosphate acyltransferase with respect to the
corresponding microorganism; and

the recombinant microorganism exhibits enhanced lipid

production with respect to the corresponding microor-
ganism.

6. A recombinant microorganism comprising genetic
modifications with respect to a corresponding microorgan-
ism not comprising the genetic modifications, wherein:
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the genetic modifications comprise:

at least one of:

a genetic modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the
corresponding microorganism; and

a genetic modification that reduces the activity of
RSP2840 or a homolog thereof with respect to the
corresponding microorganism; and

a genetic modification that reduces the activity of

RSP0382 or a homolog thereof with respect to the

corresponding microorganism; and

the recombinant microorganism exhibits enhanced lipid

production with respect to the corresponding microor-
ganism.

7. The recombinant microorganism of claim 1, wherein
the one or more genetic modifications further comprise one
or more recombinant genes configured to express one or
more of RSP2144 or a homolog thereof, RSP1091 or a
homolog thereof, and RSP1090 or a homolog thereof; a
genetic modification that disrupts binding between ChrR
and o or homologs thereof, a genetic modification that
increases expression of o” or a homolog thereof; and/or a
genetic modification that eliminates from the microorganism
a native ChrR or homolog thereof.

8. The recombinant microorganism of claim 5, wherein
the corresponding microorganism is a non-oleaginous
microorganism.

9. The recombinant microorganism of claim 5, wherein
the recombinant microorganism is a bacterium.

10. The recombinant microorganism of claim 5, wherein
the recombinant microorganism is from the genus Riodo-
bacter or the genus Rhodopseudomonas.

11. The recombinant microorganism of claim 1, wherein
the recombinant microorganism exhibits at least 2-fold
enhanced lipid production with respect to the corresponding
microorganism when the recombinant microorganism and
the corresponding organism are grown under aerobic con-
ditions.

12. The recombinant microorganism of claim 1, wherein
the recombinant microorganism is capable of producing at
least 1 g/L lipid.

13. The recombinant microorganism of claim 1, wherein
the recombinant microorganism is capable of producing
lipids in an amount of at least 20% (w/w) dry cell weight.
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14. A method for producing a bioproduct comprising:
culturing a recombinant microorganism in a medium for
a time sufficient to consume nutrients present in the
medium and produce the bioproduct, wherein:
the recombinant microorganism comprises one or more
genetic modifications with respect to a correspond-
ing microorganism not comprising the one or more
genetic modifications;

the one or more genetic modifications comprise at least
one of:

a genetic modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the
corresponding microorganism; and

a genetic modification that reduces the activity of
RSP2840 or a homolog thereof with respect to the
corresponding microorganism;

the recombinant microorganism exhibits enhanced
lipid production with respect to the corresponding
microorganism; and

the bioproduct comprises lipid; and

extracting the lipid from the medium.

15. The method of claim 14, wherein the one or more

genetic modifications comprise at least one of:

a genetic modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the
corresponding microorganism, wherein the homolog of
RSP2839 is an NtrY; and

a genetic modification that reduces the activity of
RSP2840 or a homolog thereof with respect to the
corresponding microorganism, wherein the homolog of
RSP2840 is an NtrX.

16. The recombinant microorganism of claim 5, wherein

the genetic modifications comprise at least one of:

a genetic modification that reduces the activity of
RSP2839 or a homolog thereof with respect to the
corresponding microorganism, wherein the homolog of
RSP2839 is an NtrY; and

a genetic modification that reduces the activity of
RSP2840 or a homolog thereof with respect to the
corresponding microorganism, wherein the homolog of
RSP2840 is an NtrX.
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