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printed sample spots was about 180-200 micrometers. How
ever, due to problems with ink jet clogging, common 
MALDI solvents such as tetrahydrofuran and chloroform 
could not be used. 

DEPOSITION OF SAMPLES AND SAMPLE 
MATRIX FOR ENHANCING THE 

SENSITIVITY OF MATRIX ASSISTED LASER 
DESORPTION/IONIZATION MASS 

SPECTROMETRY 5 Thus, a need exists for a MALDI target composed of 

BACKGROUND 

Matrix-assisted laser desorption/ionization (MALDI) 
mass spectrometry has proven to be a useful analytical tool 10 

in the fields of proteomics and genomics. In these fields, 
MALDI has been used for protein identification and char
acterization, peptide fingerprinting, and DNA sequencing. 
Samples that are commonly analyzed using MALDI include 
peptides, proteins, polymers, oligonucleotides, oligosaccha- 15 

rides, tissue samples, and drugs. 
Unfortunately, broader applications for MALDI mass 

spectrometry have been limited by the fact that detection 
sensitivity is restricted by sample handling and preparation 
techniques. Many of these limitations stem from the fact that 20 

current techniques for preparing sample spots on MALDI 
targets produce relatively large inhomogeneous sample 
spots. These large spots require a considerable amount of 
sample and often waste sample because only a small fraction 
of the sample spot is actually irradiated for ion generation 25 

during MALDI mass spectrometry. In addition, inhomoge
neous sample spots may result in highly variable ion signals 
produced from a single sample spot. 

The dried-droplet method is a well-known technique for 
creating sample spots on a MALDI target. In the dried- 30 

droplet method, a mixture of analyte and matrix solution is 
deposited in small volumes onto a MALDI target where a 
sample spot is left to dry and crystallize within a few 
minutes. The resulting sample spots are inhomogeneous 
spots having a spot size of about 4-5 mm2

. Another tech- 35 

nique commonly used to deposit sample spots on a MALDI 
target is electrospray deposition. In this technique, a small 
amount of matrix-analyte mixture is electrosprayed from a 
stainless-steel or glass capillary onto a grounded metal 
sample plate mounted a short distance away from the tip of 40 

the capillary. The spot size of sample spots deposited using 
electrospray deposition is typically about 100 µm or larger 
in diameter. Quill pen dispensation is another method for 
depositing sample spots on a MALDI target. Although quill 
pens have been used to produce sample spots having diam- 45 

eters as small as 75 micrometers using aqueous solutions, 
these pens are poorly suited for depositing small sample 
spots for MALDI applications because the saturated crys
tallized solutions used as matrix materials on a MALDI 
target tend to crystallize within and clog the quill pen tips. 50 

More recently, attempts have been made to produce 
MALDI targets having small sample spots using piezoelec
tric microdispensers. Miliotis et al. have reported a method 
for producing MALDI targets using a piezoelectric micro
dispenser to apply sample spots to the target. Rapid Com- 55 

mun. Mass Spectrom., 2002, Vol. 16, pp. 117-126. However, 
even the reduced sample spot sizes achieved with these 
devices are typically at least 100 µm in diameter, and 
typically much larger. These larger spot sizes may be attrib
uted to the mechanism of operation of the piezoelectric 60 

microdispensers, which relies on a cylindrical piezoelectric 
element surrounding a capillary to compress and expand the 
capillary, squeezing fluid from the capillary. 

Meier et al. have reported the formation of a MALDI 
target using ink jet printing technology to deposit sample 65 

spots. Rapid Commun. Mass Spectrom., 2003, Vol. 17, pp. 
2349-2353. The reported spot diameter for the ink jet 

small homogeneous sample spots and methods for produc
ing the same. 

SUMMARY OF THE INVENTION 

This invention relates to a layered MALDI target having 
at least one sample spot. In some instances the at least one 
sample spot will have a small diameter. For example, the 
MALDI target may have at least one sample spot with a 
diameter of no more that about 50 micrometers. The sample 
spot may include a layer of analyte disposed on a MALDI 
target substrate with a layer of matrix material disposed over 
the analyte or a layer of matrix material disposed on a 
MALDI target with a layer of analyte disposed over the 
matrix material. The at least one sample spot is deposited 
using ultrasonic deposition from a nozzle. During ultrasonic 
deposition, a nozzle (e.g., a capillary) is vibrated at ultra
sonic frequencies to cause fluid in the nozzle (e.g., analyte 
solutions or matrix solutions) to be deposited from the 
nozzle tip onto a target substrate. This mechanism is capable 
of providing smaller sample spot sizes than conventional 
piezoelectric-based capillaries, which use pressure to 
squeeze fluid out of a nozzle tip by contracting and expand
ing the nozzle using a cylindrical piezoelectric element 
surrounding the nozzle. 

The MALDI targets in accordance with the invention 
having very small sample spots disposed thereon have 
several advantages over other MALDI targets presently 
available. The small sample spots result in better signal-to
noise ratios, require less analyte, and do not waste analyte. 
Small spot sizes also allow for higher density of analyte 
samples on a single substrate. As a result, the MALDI targets 
provided herein make quick, automated, high-throughput 
MALDI analysis possible. 

The sample spots may be deposited on a MALDI target 
substrate using the ultrasonically actuated microplotter 
described in U.S. Patent Application Publication No. 2004/ 
0071601, the entire disclosure of which is incorporated 
herein by reference. Briefly, a sample spot may be deposited 
on a MALDI target substrate using the ultrasonically actu
ated microplotter by first applying a layer of analyte solution 
to the substrate surface and then applying a matrix solution 
over the analyte solution. The analyte solution is desirably 
applied to the target as one or more small spots with the 
matrix solution being applied in the form of spots laid down 
on top of the analyte spots. However, other constructions are 
possible. For example, the analyte may be laid down as one 
or more spots on the MALDI target substrate with the matrix 
solution laid down as a single stripe or sheet covering 
multiple spots. Alternatively, the analyte sample may be laid 
down on the MALDI target substrate as a stripe or a sheet 
and the matrix solution may be laid down as one or more 
spots over the analyte sample. In other constructions, the 
matrix solution may be applied ( e.g., as spots, stripes or a 
sheet) to the target substrate first, then covered with analyte 
solution ( e.g., as spots, stripes, or a sheet). 

Generally a method for producing a sample spot on a 
MALDI target may be carried out according to the following 
procedure. A nozzle which circumferentially surrounds an 
interior passage extending between a dispensing end and an 
opposite end is provided. A first fluid which may be either 
an analyte solution or a matrix material solution is intro-
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duced into the interior passage of the nozzle. The nozzle is 
then situated above a MALDI target substrate and actuated 

4 
including a layer of analyte and a layer of crystallized matrix 
material. The layered MALDI sample spots are produced in 
a stepwise fashion using an ultrasonically actuated fluid 
dispensation apparatus. 

FIG.1 shows a diagram ofan ultrasonically actuated fluid 
dispensation apparatus 10 for producing MALDI targets 
with small spot sizes. A more detailed description of the 
apparatus may be found in U.S. Patent Application Publi
cation No. 2004/0071601 which is incorporated herein by 

at a portion of its circumference at a frequency sufficient to 
deposit the first fluid from the dispensing end of the nozzle 
onto the substrate. A second fluid which comprises either 5 

analyte solution or MALDI matrix solution, whichever was 
not introduced as the first fluid, is then introduced into the 
interior passage of the nozzle. The nozzle is then situated 
above the first fluid dispensed onto the MALDI target 
substrate and ultrasonically actuated at a portion of its 
circumference at a frequency sufficient to deposit the second 
fluid from the dispensing end of the nozzle and onto the first 
fluid which was previously dispensed onto the substrate. 
(When the analyte solution is deposited first, additional time 
may be allowed to pass before applying the matrix material 

10 reference. The apparatus 10 includes an elongated nozzle 12 
which is defined by a nozzle outer surface 14 and a nozzle 
interior passage 16 extending between a nozzle dispensing 
end 18 and an opposite end 20. The dispensing end 18 is 
desirably narrowed compared to the opposite end 20 such 

15 that the cross sectional area of the interior passage 16 is 
smaller at the dispensing end 18 than at the opposite end 20. 
The interior passage 16 of the nozzle may have a very small 
diameter. For example, some nozzles, including some glass 
nozzles, may be made with an interior passage or bore of 

to the substrate to allow the solvent in the spots of analyte 
solution on the target substrate to evaporate.) Any fluid 
remaining in the nozzle after either fluid dispensation step 
may be disposed ofby reactivating the ultrasonic actuator to 
dispense the remaining fluid into a suitable receptacle. The 
nozzle then may be rinsed by drawing a rinsing fluid into the 
nozzle and reactivating the ultrasonic actuator to dispense 
the rinsing fluid into a suitable receptacle. 

Suitable analyte materials used in the production of the 
MALDI targets provided herein include biomolecules, poly
mers, small molecules, and complex mixtures, such as tissue 
samples. 

Further objects, features, and advantages of the invention 
will be apparent from the following detailed description 
when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a perspective view of an exemplary version of 

a fluid dispensation apparatus that may be used to produce 
MALDI targets with small spot sizes. 

FIG. 2 shows the MALDI spectrum for a 70 µm sample 
spot formed of a layer of cytochrome C coated with a matrix 
of a-cyano-4-hydroxy cinnamic acid (a-CHCA). 

FIG. 3 shows the MALDI spectrum of a 20 µm sample 
spot formed of a layer of cytochrome C coated with a matrix 
of a-CHCA. 

20 between 250 nm and 100 µm in diameter, although nozzles 
with interior passage diameter falling outside of these ranges 
may also be employed. 

The nozzle may be filled by drawing fluids into the nozzle 
12 using capillary action when the dispensing end 18 is 

25 inserted into a fluid supply. In such embodiments, the 
nozzle's opposite end 20 is desirably left open to the 
atmosphere so that the intake of fluid into nozzle interior 
passage 16 will not be hindered by air pressure within the 
interior passage 16 of the nozzle 12 at the opposite end 20. 

30 While the apparatus is well suited to a dip-and-dispense 
methodology (wherein the nozzle 12 is charged by dipping 
it in an appropriate well), the nozzle 12 may also be charged 
via a fluid supply connected to its opposite end 20 (as by a 
flexible or rigid fluid supply line). If necessary, damping 

35 caused by the fluid supply line may be compensated for by 
modification of the frequency and voltage ranges used to 
operate the apparatus. 

An ultrasonic actuator 22 is coupled to a portion of the 
circumference of the nozzle's outer surface 14. In one 

40 embodiment, the ultrasonic actuator 22 is a diced piece of 
piezoelectric material bonded to the nozzle's outer surface 
14. Unlike conventional piezoelectric dispensing devices, 
the nozzle 12 in the device of FIG. 1 does not operate via a 

FIG. 4 shows the MALDI spectrum for a sample spot 
formed as a spot of cytochrome C coated with a strip of a 45 

a-CHCA matrix. 

peristaltic-type constriction and expansion of the diameter of 
the nozzle 12. 

Conducting leads 24 attached to the ultrasonic actuator 22 
allow for the expansion and contraction of the ultrasonic 
actuator 22 when appropriately powered by a signal gen
erator such as a standard oscillator/function generator 

FIG. 5 shows the MALDI spectrum for a sample spot 
formed as a strip of cytochrome C having a spot of a-CHCA 
matrix deposited thereon. 

FIG. 6 shows the MALDI spectrum for a sample spot 
formed of a strip of cytochrome C having a strip of a-CHCA 
matrix deposited thereon. 

DETAILED DESCRIPTION 

The present invention relates to MALDI targets having 
very small sample spots deposited thereon and methods for 
making such MALDI targets. The MALDI targets in accor
dance with the invention require only a small amount of 
sample per spot and allow for a high density of sample spots 
on a single target substrate surface. As a result, the MALDI 
targets provide quick, automated, high-throughput, high
sensitivity MALDI analysis of samples. The MALDI targets 
preferably include one or more sample spots having a 
diameter of no more than about 70 micrometers, and most 
preferably no more than about 50 micrometers, disposed on 
a MALDI target substrate. Each sample spot is a layered spot 

50 capable of supplying power with sinusoidal or similar wave
forms at ultrasonic frequencies. 

The nozzle 12 may be mounted on a positioning stage 32 
to allow a user to position the nozzle dispensing end 18 at 
a desired location. The positioning stage 32 may take the 

55 form of any number of positioning stages known in the art. 
A substrate mount 34 suitable for receiving a MALDI 

target substrate 36, such as a stainless-steel substrate with a 
top surface, is disposed below the nozzle dispensing end 18. 
The substrate mount 34 may itself be mounted on a posi-

60 tioning stage to allow the user to position the MALDI target 
substrate 36 relative to the dispensing nozzle 12. A fluid 
supply well 38 for the matrix material and a separate fluid 
supply well for an analyte solution 40 are desirably posi
tioned in a location accessible to the nozzle dispensing end 

65 18 such that the nozzle dispensing end 18 may be inserted 
into the fluid supply wells allowing the nozzle 12 to be filled 
with fluid via capillary action. The fluid supply wells may 
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themselves optionally be mounted to a positioning stage. An 
additional fluid supply well (not shown) containing a rinsing 
fluid, such as de-ionized water, for cleaning the nozzle 12 
and its interior passage 18 may also be provided. 

A MALDI target may be prepared using the ultrasonically 5 

actuated fluid dispensation apparatus according to the fol
lowing procedure. The nozzle 12 is inserted into a first fluid 
supply well 38 containing an analyte solution, at least a 
portion of which is drawn into the interior passage 16 of the 

10 
nozzle. For example, the solution may be drawn into the 
interior passage via capillary action. The dispensing end 18 
of the nozzle 12 is then positioned over a desired location on 
the surface of the substrate 36 by appropriate positioning of 
the nozzle 12 and/or the substrate mount 34. The signal 

15 
generator 26 is then activated to send an oscillating voltage 
signal via conducting leads 24 to the piezoelectric actuator 
22, causing it to vibrate at ultrasonic frequencies for a 
selected period of time, causing the fluid in the nozzle to be 
dispensed onto the MALDI target substrate 36 as a small 

20 
spot of fluid. The size of the resulting spot depends on the 
amount of fluid dispensed from the nozzle 12 (which 
depends in part on how hydrophilic the nozzle 12 is, as well 
as the frequency, amplitude, and time duration of ultrasonic 
actuation), the distance between the nozzle dispensing end 

25 
18 and the surface of the MALDI target substrate 36, and the 
relative properties of the fluid and the substrate 36 ( e.g., the 
polarity of deposited fluid relative to the polarity of the 
material of the substrate 36, the viscosity of the fluid and the 
wettability of the substrate surface or previously deposited 

30 
layer on which the material is deposited). Once the first spot 
is deposited onto the MALDI target substrate 36, a MALDI 
matrix solution may be introduced into the nozzle 12 and the 
nozzle 12 may be repositioned over the MALDI target 
substrate 36 and a second spot deposited in the same manner 

35 
as the first. This process may be repeated until the desired 
number of sample spots has been deposited onto the MALDI 
target substrate 36. Alternatively, all of the analyte spots may 

6 
Sufficient time may be allowed to pass before applying the 
matrix material to the substrate to allow the solvent in the 
spots of analyte solution on the target substrate to evaporate. 

Alternatively, the matrix material may be applied to the 
target substrate first, followed by deposition of the analyte. 
This may be accomplished by modifying the above-de
scribed procedures to dispense the matrix solution prior to 
the analyte solution. 

As noted above, the size of the deposited spots will be a 
function of the frequency, amplitude, and time duration of 
ultrasonic activation, and these parameters, in turn, may 
vary due to differences in viscosity and wetting properties of 
the different solutions being dispensed. The optimal fre
quency and power level of activation may vary over a wide 
range depending upon a number of factors including, but not 
limited to, the nature of the piezo material used and the size 
of the nozzle. By way of illustration only, in some instances 
the actuator may be activated at 300 to 800 kHz (e.g., in the 
range of 640 to 670 kHz) using 1 to 6 V (e.g., 1 to 2 V) 
peak-to-peak pulses applied for a duration of e.g., 100 to 
1000 ms, preferably 400 to 500 ms, for the dispensation of 
analyte solution. The same parameters may be used to 
dispense matrix solution, although a somewhat higher volt
age ( e.g., 1 to 8 V) may be used. However, the invention is 
not limited to methods using these activation parameters. 

In one embodiment, the sample spots are composed of a 
spot of analyte covered by a spot of matrix material, or a spot 
of matrix material covered by a spot of analyte. In this 
embodiment, the sample spot is the spot of analyte ( or 
matrix material) plus the overlying spot of matrix material 
( or analyte ). In another embodiment, the MALDI targets are 
produced by laying down one or more spots of analyte and 
covering the one or more spots of analyte with a strip or a 
sheet of matrix material or by laying down one or more spots 
of matrix material and covering them with a strip or sheet of 
analyte. In this embodiment, the sample spot is a spot of 
analyte ( or matrix material) plus the matrix material ( or 
analyte) that is disposed over that spot. In yet another 
embodiment, the MALDI targets are produced by laying be deposited is a first step and all of the matrix spots 

deposited over the analyte spots in a second step. 
In an alternative embodiment, the ultrasonic actuator 22 is 

excited continuously while the MALDI target substrate 36 
( or the nozzle) is moved from a first position to a second 
position such that a strip of analyte is deposited onto the 
MALDI target substrate 36 rather than a spot. The nozzle 12 
may then be repositioned over the first fluid supply well 38 
and the ultrasonic actuator 22 reactivated to dispense any 
remaining analyte solution from the interior passage 16 of 
the nozzle. Next, the nozzle 12 may be positioned over a 
rinsing fluid supply well (not shown), and inserted into the 
supply well such that rinsing fluid is drawn into the interior 
passage 16 of the nozzle 12 via capillary action. The nozzle 
may then be lifted from the rinsing fluid supply well and the 
ultrasonic actuator 22 may be activated to dispense the 
rinsing solution. 

40 down a strip or sheet of analyte material on a MALDI target 
substrate and depositing one or more spots of matrix mate
rial on the strip or sheet of analyte or by laying down a strip 
or sheet of matrix material and depositing one or more spots 
of analyte on the strip or sheet. In this embodiment, a sample 

After rinsing, the nozzle 12 may then be inserted into a 
fluid supply well 40 containing a solution of matrix material. 
At least a portion of the solution of matrix material is then 
drawn into the nozzle 12. For example, the solution may be 
drawn into the nozzle via capillary action. The nozzle is then 
positioned over the target substrate 36 which has a series of 
spots or a strip of analyte previously deposited on the 
MALDI target substrate 36, and the actuator 22 is activated 
to dispense matrix material over the spots or strip of analyte 
in the manner as described above. This process is repeated 
until each of the analyte spots or analyte strips is coated with 
corresponding spots or strips of MALDI matrix material. 

45 spot is a spot of matrix material ( or analyte) plus the analyte 
(or matrix) material disposed under the matrix material (or 
analyte) spot. In still another embodiment, the MALDI 
targets are produced by laying down strips of analyte mate
rial on a MALDI target substrate and depositing one or more 

50 orthogonal strips of matrix material over the strips of analyte 
material, or by laying down strips of matrix material and 
depositing one or more orthogonal strips of analyte material 
over the strips of matrix material. In this embodiment, 
sample spots are defined by the overlapping portions of the 

55 orthogonal strips. 
Using an ultrasonically actuated microplotter of the type 

described above, very small sample spot sizes may be 
achieved. For example, in some embodiments, sample spot 
sizes of no more than about 50 micrometers in diameter are 

60 provided. This includes embodiments where the sample spot 
size is no more than about 40 micrometers in diameter, no 
more than about 30 micrometers in diameter, no more than 
about 25 micrometers in diameter, no more than about 20 
micrometers in diameter, or even smaller. For example, in 

65 some embodiments, the size of the sample spot deposited 
using an ultrasonically actuated microplotter is between 
about 20 and 50 micrometers in diameter. This includes 
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embodiments where the sample spots have diameters 
between about 20 and 30 micrometers. These spot sizes are 
on the order of the laser spot size used to irradiate the sample 
during MALDI analysis. Small spots eliminate the noise 
associated with larger, inhomogeneous spots, for which the 5 

signal varies depending on which portion of the spot is being 
irradiated by the laser. As a result, the small spot sizes result 

8 
EXAMPLES 

Example 1 

Spot Size Analysis 

This Example demonstrates the effect of spot size on 
signal-to-noise ratio. A 10-mM solution of cytochrome C, 
with deionized (DI) water as solvent, was deposited on a 
stainless-steel MALDI target using the ultrasonically actu
ated microplotter described in U.S. Patent Application Pub
lication No. 2004/0071601, then covered with a solution of 
a-CHCA matrix material dissolved in 30% DI water/70-% 

in uniform signal with very good signal-to-noise ratios as 
compared to the signal-to-noise ratios for larger sample 

10 spots. In addition, these small spot sizes make it possible to 
pack more sample spots onto a single MALDI target sub
strate. For example, in some embodiments, MALDI targets 
having a density of 400 spots/mm2 may be produced. As a 
result, the MALDI targets provided herein allow for higher 

15 
throughput and faster analysis of analytes than previously 
known MALDI targets. 

methanol solution. First, the dispenser was loaded with the 
cytochrome C solution and driven at 660 kHz and 1 V for a 
period of time sufficient to deposit approximately 75-µm
wide spots of the protein in a grid across the MALDI target. 
The dispenser was then cleaned with DI water and loaded 

The MALDI target substrate may typically have a flat 
surface and be made of a preferably non-reactive material 
such as stainless-steel. Other suitable substrate materials 
include, but are not limited to, other metals, polymer sub
strates, such as nitrocellulose, methyl cellulose, polyacryla
mide, and poly(ethylene oxide), and glasses. A wide variety 
of analytes may be deposited on these targets for analysis. 
For example, synthetic polymers, biomolecules, small mol
ecules, and complex mixtures such as tissue samples may be 
applied as analytes to the MALDI target substrates. More 
specifically, the analytes may include peptides, proteins, 
polymers, oligonucleotides, oligosaccharides, tissue 
samples, drugs, and combinations thereof. In some embodi
ments, all of the sample spots in an array of spots may 
contain a single type of analyte. Alternatively, different spots 
in an array of spots may include different analytes. 

20 with matrix solution. Two separate sets of matrix spots were 
deposited overlaying different portions of the spotted protein 
grid. One set of matrix spots was deposited at 660 kHz and 
4 V to produce approximately 70-µm-wide spots, while the 
other set was deposited at 660 kHz and 2 V to produce 

25 approximately 20-µm-wide spots. After deposition, the 
MALDI target was loaded in a mass spectrometer. The laser 
was first targeted on a 70 µm spot and 50 shots were fired to 
gather a mass spectrum. The laser was then targeted on a 20 
µm spot and 50 shots were fired to gather a second mass 

30 
spectrum. Those spectra are shown in FIGS. 2 and 3, 
respectively. As can be seen from these figures, the spectrum 
from the 20-µm-wide spot exhibits a greatly enhanced 
signal-to-noise ratio as compared to the spectrum for the 

35 70-µm-wide spot, resulting in an increased sensitivity of 
detection for the smaller spots. 

As described above, the analytes are initially applied to 
the MALDI target substrates as solutions of analyte in an 
appropriate solvent. Many analyte solvents are well known 
and commercially available. These include, but are not 
limited to, chloroform, acetonitrile, methanol, ethanol, 
acetophenone, anisole, toluene, methylbenzoate, isopro-

40 
panol, and dichloromethane. Although the concentration of 
the analyte in the solvent may vary, in some embodiments 
the concentration of analyte in the solvent is desirably about 

Example 2 

Deposition Pattern Analysis 

A comparison between four different means of protein and 
matrix deposition was performed, using the same protein 
solution and matrix material described in Example 1. In 1 mM to 200 mM. 

The matrix materials are applied in the form of a matrix 
material solution. These solutions are saturated or near 
saturated solutions of an organic compound that crystallizes 
into a matrix to facilitate desorption and ionization of 
analyte compounds in a sample spot. Many matrix materials 
are well known and commercially available. These include, 
but are not limited to, dithranol, nicotinic acid (NA), glyc
erol, sinapinic acid (SA), ferulic acid (FA), caffeic acid 
(CA), succinic acid (SA), 2,5-dihydroxy benzoic acid (2,5-
DHB), a-cyano-4-hydroxy cinnamic acid (a-CHCA), 3-hy
droxypicolinic acid (3-HPA), 2-( 4-hydroxyphenylazo )-ben
zoic acid (HABA), 2,4,6-trihydroxy-acetophenone (THAP), 
3-amino-4-hydroxy benzoic acid (3,4-AHB), 5-methox
ysalicylic acid (MSA), I-hydroxy isoquinoline (HIC), 2,6-
dihydroxyacetophenone (DHAP), 4-hydroxy-3-methox
yphenylpyruvic acid (HMPPA), indole-3-pyruvic acid 
(IPA), and harmaline, 3-aminoquinilone (3-AQ). 

The solvents used in the matrix material solutions may be 
the same as those solvents used to dissolve the analytes in 
the analyte solutions discussed above. Although the concen
tration of the matrix in the solvent may vary, in some 
embodiments the concentration of the matrix in the solvent 
will be about 10 to 60 wt. %. 

45 addition to the previously described spots of matrix depos
ited on spots of protein, spots of matrix were deposited on 
a continuous coating of protein, a continuous coating of 
matrix was deposited on spots of protein, and a continuous 
coating of matrix was deposited on a continuous coating of 

50 protein. The continuous coatings were deposited by using 
the ultrasonically actuated microplotter to draw lines spaced 
so closely that an essentially uniform sheet of matrix or 
protein resulted. The lines were deposited at a speed of 1000 
µmis, a frequency of 660 kHz, and an amplitude of 1 V (for 

55 the protein) or 3V (for the matrix). Analysis was performed 
in the same mass spectrometer, with the same settings, used 
in Example 1. Mass spectra were obtained, as before, by 
targeting the laser onto the matrix spots, the analyte spots, 
and/or the intersection of the analyte and matrix strips. FIG. 

60 4 shows the MALDI spectrum for the spot of cytochrome C 
coated with a strip of a-CHCA matrix. FIG. 5 shows the 
MALDI spectrum for the strip of cytochrome C having a 
spot of a-CHCAmatrix deposited thereon, and FIG. 6 shows 
the MALDI spectrum for the strip of cytochrome C having 

65 a strip of a-CHCAmatrix coated thereon. It can be seen that 
the uniformly coated areas have broader, less intense peaks 
in their spectra than the spotted matrix/spotted protein areas. 
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It is understood that the invention is not limited to the 
embodiments set forth herein for illustration, but embraces 
all such forms thereof that come with the scope of the 
following claims. 

What is claimed is: 
1. A method for producing a sample spot on a MALDI 

target substrate, the method comprising: 
(a) providing a dispenser having a nozzle which circum

ferentially surrounds an interior passage extending 
between a dispensing end and an opposite end; 

(b) introducing a first fluid into the interior passage of the 
nozzle, the first fluid comprising either an analyte 
solution or a MALDI matrix solution; 

10 
12. The method of claim 6 wherein the one or more spots 

of the second fluid have a diameter of no more than about 50 
micrometers. 

13. The method of claim 6 wherein the one or more spots 
5 of the second fluid have a diameter of no more than about 30 

micrometers. 

14. The method of claim 1 wherein the analyte comprises 
a molecule selected from the group consisting of peptides, 

10 proteins, oligonucleotides, and oligosaccharides. 

15. The method of claim 1 wherein the analyte comprises 
a synthetic polymer. 

( c) ultrasonically actuating the nozzle at a portion of its 
circumference at a frequency sufficient to deposit the 15 

first fluid from the dispensing end onto the substrate; 

16. The method of claim 1 wherein the analyte comprises 
a tissue sample. 

17. The method of claim 1 wherein the matrix material 
comprises a material selected from the group consisting of 
dithranol, nicotinic acid, glycerol, sinapinic acid, ferulic 
acid, caffeic acid, succinic acid, 2,5-dihydroxy benzoic acid, 

( d) introducing a second fluid into the interior passage of 
the nozzle wherein the second fluid comprises either 
the analyte solution or the MALDI matrix solution, 
whichever was not introduced as the first fluid; and 

( e) ultrasonically actuating the nozzle at a portion of its 
circumference at a frequency sufficient to deposit the 
fluid from the dispensing end onto the first fluid on the 
substrate. 

20 a-cyano-4-hydroxy cinnamic acid, 3-hydroxypicolinic acid, 
2-( 4-hydroxyphenylazo )-benzoic acid, 2,4,6-trihydroxy-ac
etophenone, 3-amino-4-hydroxy benzoic acid, 5-methox
ysalicylic acid, I-hydroxy isoquinoline, 2,6-dihydroxyac-

2. The method of claim 1 wherein the first fluid is 25 

etophenone, 4-hydroxy-3-methoxyphenylpyruvic acid, 
indole-3-pyruvic acid (IPA), and harmaline, 3-aminoqui
nilone. deposited as one or more spots onto the substrate. 

3. The method of claim 2 wherein the second fluid is 
deposited as one or more spots onto the first fluid. 

4. The method of claim 2 wherein the second fluid is 
deposited as a strip onto the first fluid. 

5. The method of claim 1 wherein the first fluid is 
deposited as a strip onto the substrate. 

6. The method of claim 5 wherein the second fluid is 
deposited as one or more spots onto the first fluid. 

18. A MALDI target comprising multiple sample spots 
having diameters of no more than 50 micrometers disposed 
on a substrate, the target comprising spots of crystallized 

30 matrix material disposed on the substrate and a sheet com
prising an analyte disposed over the spots of crystallized 
matrix material. 

7. The method of claim 5 wherein the second fluid is 35 

19. A MALDI target comprising multiple sample spots 
having diameters of no more than 50 micrometers disposed 
on a substrate, the target comprising one or more strips 
comprising an analyte disposed over the substrate and one or 
more strips of crystallized matrix material disposed over the 
substrate; wherein the sample spots are defined by overlap-

deposited as a strip onto the first fluid, the second fluid strip 
running orthogonal with respect to the first fluid strip. 

8. The method of claim 2 wherein the one or more spots 
of the first fluid have a diameter of no more than about 50 
micrometers. 

9. The method of claim 2 wherein the one or more spots 
of the first fluid have a diameter of no more than about 30 
micrometers. 

10. The method of claim 3 wherein the one or more spots 

40 ping portions of the strips comprising the analyte and the 
strips of crystallized matrix material. 

20. A MALDI target comprising multiple sample spots 

of the second fluid have a diameter of no more than about 50 45 

having diameters of no more than 50 micrometers disposed 
on a substrate, the target comprising a sheet comprising an 
analyte disposed on the substrate and spots of crystallized 
matrix material disposed on the sheet comprising the ana-micrometers. 

11. The method of claim 3 wherein the one or more spots 
of the second fluid have a diameter of no more than about 30 
micrometers. 

lyte. 

* * * * * 
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