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(57) ABSTRACT

A method of attaching an azide moiety to a biomolecule. The
method comprises contacting a biomolecule in a solution
with an azide and a copper, for a time wherein at least one
azide moiety is covalently bonded to the biomolecule to
yield an azidylated biomolecule. The copper is copper (1),
and can be generated from copper (II) by a reductant. The
solution further comprises a copper ligand for reducing
degradation of the biomolecule. The azilylated biomolecule
can be attached to a reagent comprising an alkyne via a
copper-catalyzed azide-alkyne cycloaddition (“CuAAC”)
reaction or a strain-promoted alkyne-azide cycloaddition
(“SPAAC”) reaction.

Specification includes a Sequence Listing.



Patent Application Publication  Nov. 20, 2025 Sheet 1 of 20 US 2025/0353876 Al

Cu e e . - 4 3

TEMPO - - - 4 + 4

Azide - + + + - +

Fig. 1



Patent Application Publication  Nov. 20, 2025 Sheet 2 of 20 US 2025/0353876 Al

Ligand - - JTHPTABTTAA] ~ |THPTA|BTTAA
Cu - 1 i | 1 I 1
Azide ~ + . o 3 + i

Fig. 2



Patent Application Publication  Nov. 20, 2025 Sheet 3 of 20 US 2025/0353876 Al

fCul {mM) - 2 .5 0.5 1 1 2 2
Azide + - + + + + + +
Time {min} | 30 a0 15 30 15 30 15 30

Fig. 3



azidylation

Patent Application Publication  Nov. 20, 2025 Sheet 4 of 20 US 2025/0353876 Al
- - - 4 + +
DMSO (%) | 1.5 | 5.5 105} 1.5 | 55 | 10.5

Fig. 4



Patent Application Publication  Nov. 20, 2025 Sheet 5 of 20 US 2025/0353876 Al

Fig. 5




US 2025/0353876 Al

Nov. 20,2025 Sheet 6 of 20

Patent Application Publication

P

BN WS

IOH-SHELINIQS

HEWY WS

HEWY NWISE

Fogfa-

ot 'O7H

yofm-aid OFH

URIEARIZE OU 104300

9 "bi4




Patent Application Publication  Nov. 20, 2025 Sheet 7 of 20 US 2025/0353876 Al
Buffer [Toas-HO TrisHU Tris-HOH TEAB TEAR PTris-MCH] Tris-HO TEAR | TEAR
culict | + ~ - - - + + + +

Fig. 7

TMSHN,
S

TMSN,
Smivl



US 2025/0353876 Al

Nov. 20,2025 Sheet 8 of 20

Patent Application Publication

»&mmﬁnm>); ABEE

EAE R % PR T

B w@ »w,.m wa

NADT J,mwr;
QOTIEEY
wwwwaf
%»mz,w

r\..tnva..w.w ¥

,(ww:wm{wmmﬂw

AMHL



US 2025/0353876 Al

Nov. 20,2025 Sheet 9 of 20

6 ‘B4

paxiweid nO/ENSINL

[o{ino]

wWrions widoos | oot Pvelnot brons harons widoot Lnedoot ainos
WIS | INWT | INWS | INWT | WS | W | vws | it | 20N

Patent Application Publication
4

fENSL



Patent Application Publication  Nov. 20, 2025 Sheet 10 of 20  US 2025/0353876 A1

ACN | 10% | 10% | 10% [ 10% [20% | 20% | 20% | 20%

Azide source [TMSN3ITMSN3] NaN3 | NaN3 [TMSN3] TMSN3 | MaN3 | NaN3

Cy source Cul §Culll Cut 1CuCh | Cul 1 Cul | Cul 1Cud

Fig. 10



Patent Application Publication  Nov. 20, 2025 Sheet 11 of 20  US 2025/0353876 A1

3
LI
wo| R
£
To N
%
WY e
o4
o
-t | S
4
-
s
o o
k2 SR S —
bl i
- | 8
1
i b0
g
ol oo
S S
o
Wl s
Z 1M
Z | &
g,
b



Patent Application Publication  Nov. 20, 2025 Sheet 12 of 20  US 2025/0353876 A1

TMSN3

Ascorbate

«. Ox-ascorbate

Fig. 12



Patent Application Publication  Nov. 20, 2025 Sheet 13 of 20  US 2025/0353876 A1

THPTA | - . " - - - + +
Ascorbate | -~ - - - 4 N3 + +
Copper |« - AT T ¢ I I B B R )
TMBNZ - + + + + + + +

Fig. 13



Patent Application Publication  Nov. 20, 2025 Sheet 14 of 20  US 2025/0353876 A1

[Ascorbate] (mM) - i 1 1 5 5 5
ICul {uM) - 10 50 106 16 50 180
ITHPTAL (uM) | - 50 | 250 | s00 | s0 250 | 500

Fig. 14



Patent Application Publication  Nov. 20, 2025 Sheet 15 of 20  US 2025/0353876 A1

[Ascorbate] {mbd) | - i i 4 : > 5 5 3
ol | - 1 16 | so |0 ] g 10 | 50 | 100
[THPTA () | - 5 s | 250 | 500 | s 50 | 250 | s00
TMSNB | - + ¥ + + + + + |+

Fig. 15



Patent Application Publication  Nov. 20, 2025 Sheet 16 of 20  US 2025/0353876 A1

yhd

3
¥

74,23
':i{ <

k33 5

“

trod

Lo

Lo b oot o

Fig. 16




Patent Application Publication  Nov. 20, 2025 Sheet 17 of 20  US 2025/0353876 A1

No click
1/2x [reagents]
1/4x [reagents]

std [reagent]

*all a normal overnight azide addition with
TMSN, Cu, and ascorbate

Fig. 17



Patent Application Publication  Nov. 20, 2025 Sheet 18 of 20  US 2025/0353876 A1

38Y NNODS |

I8y ANNOOT

apize ON

45hrs SPAAC, cold

asy WNDOS

I8y INRDOT

SPIZE QY

Shrs SPAAC, RT

Fig. 18

Sy ANNQ0Y

S NDRQOT

apize oN

Ihr SPAAC, RT

SPAAC

[syusBess] xp/1

{siualeas] xz /1

fJusBess} pas

13 oN

CUuAAC
30 min CuAAC




Patent Application Publication  Nov. 20, 2025 Sheet 19 of 20  US 2025/0353876 A1

untagged
HIS-tagged

|BSA std

Fig. 19



US 2025/0353876 Al

0z b1

SIuelieA (PIOC B 0T «

9

L o
»\f{{.\\(//\\‘/e .v\.w.

A %

£ 0 -,

\.{ﬁwa/x&\m\ . Qw‘\t/.r{.\.,.g/ PN
8. H

N

H .

Nov. 20, 2025 Sheet 20 of 20

ai0L
= @106
2
N
S aiszI
= 4091
=
-5
= a¥09¢
2
N
.m $aA ou soA ou sah ou sah ou s2A ou SoA ou pagdel-SiH
=y
Mr saA sah ou ou S9A sahA ou ou $BA S9A ou ou uol0ess apizy
~—
=
m 0T (0T | 0T | OA0T | IOT | AMIOT : AYOT  AMOT | V/N | W/N V/N | ¥/N | wwe8ess )
-



US 2025/0353876 Al

GENTLE AND DIRECT COPPER-BASED
PROTEIN AZIDYLATION FOR
BIOCONJUGATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Priority is hereby claimed to provisional applica-
tion Ser. No. 63/649,605, filed May 20, 2024, which is
incorporated herein by reference.

FEDERAL FUNDING STATEMENT

[0002] This invention was made with government support
under DE-FG02-88ER13938 awarded by the US Depart-
ment of Energy and under 2010789 and 2203611 awarded
by the National Science Foundation. The government has
certain rights in the invention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

[0003] The contents of the electronic sequence listing
(sequencelistP240219US02.xml; Size: 2.34 kilobytes; and
Date of Creation: May 9, 2025) is herein incorporated by
reference in its entirety.

BACKGROUND

[0004] The development of so-called “click chemistry,”
e.g., copper-catalyzed  azide-alkyne  cycloaddition
(“CuAAC”), in the early 2000's opened a new era in the
study of molecular interactions. See, for example, Baskin J
M, Bertozzi C R. (2007) “Bioorthogonal Click Chemistry:
Covalent Labeling in Living Systems,” QSAR Comb Sci.
26:1211-1219.

[0005] Click chemistry provides an easy way to covalently
link molecules together, and has proven to be well-suited to
biomolecular investigations. See, for example, Presolski,
Hong, and Finn (2011) “Copper-Catalyzed Azide-Alkyne
Click Chemistry for Bioconjugation,” Curr Protoc Chem
Biol. 3(4):153-162. As noted there, azides and alkynes are
small and unobtrusive moieties. They lack the ability to
engage in strong hydrogen bonding, as well as acid-base,
hydrophobic, coulombic, dipolar, and x-stacking interac-
tions. As a result, they minimally perturb the biological
molecules to which they are attached (if at all). The literature
now includes a growing number of examples in which
azide-or alkyne-derivatized nutrients or cofactors are taken
up and incorporated into biological molecules by living
cells. By way of a very small sampling, see Kiick K L,
Saxon E, Tirrell D A, Bertozzi C R (2002) “Incorporation of
Azides into Recombinant Proteins for Chemoselective
Modification by the Staudinger Ligation,” Proc Natl Acad
Sci US 4. 99(1):19-24; Ning X, Guo J, Wolfert M A, Boons
G T (2008) “Visualizing Metabolically Labeled Glycocon-
jugates of Living Cells by Copper-Free and Fast Huisgen
Cycloadditions,” Angew Chem Int Ed Engl. 47(12):2253-5;
and Rangan K J, Yang Y Y, Charron G, Hang H C (2010)
“Rapid visualization and large-scale profiling of bacterial
lipoproteins with chemical reporters,” J Am Chem Soc.
132:10628-1062.

[0006] An early description of the CuAAC reaction is
found in Kolb H C, Finn M G, Sharpless K B (2001) “Click
Chemistry: Diverse Chemical Function from a Few Good
Reactions,” Angewandte Chemie International Edition
40(11):2004-2021. Many discoveries, tools, and products
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have been developed from that initial discovery. Covalently
attaching molecules together with click chemistry, however,
requires first synthesizing or attaching the reactive azide and
alkyne moieties to the molecules that are to be linked or
“clicked.” This has proven problematic when working with
macromolecular biomolecules such as whole proteins, mac-
romolecular nucleic acids, and the like.

[0007] The uncatalyzed 1,3-dipolar cycloaddition reaction
of standard azides and alkynes is highly specific, but quite
slow without catalysis. The Cu(I) catalysis of the reaction
between azides and terminal alkynes was first described
independently in 2002 in Tornee C W, Christensen C,
Meldal M. (2002) “Peptidotriazoles on Solid Phase: [1,2,
3]-Triazoles by Regiospecific Copper(I)-Catalyzed 1,3-Di-
polar Cycloadditions of Terminal Alkynes to Azides,” J.
Org. Chem. 67:3057-3062; and Rostovtsev V'V, Green L G,
Fokin V V, Sharpless K B (2002) “A Stepwise Huisgen
Cycloaddition Process: Copper(I)-Catalyzed Regioselective
Ligation of Azides and Terminal Alkynes,” Angew Chem, Int
Ed. 41:2596-2599. Another general solution to the azide-
alkyne reaction rate problem is to make the alkyne highly
strained in a ring structure. Such reactions are now referred
to as “copper-free click chemistry.” See, for example,
Codelli J A, Baskin J M, Agard N J, Bertozzi C R (2008)
“Second-Generation Difluorinated Cyclooctynes for Cop-
per-Free Click Chemistry,” J. Am. Chem. Soc. 130 (34):
11486-11493.

[0008] As flexible and useful as it is, click chemistry still
requires that one of the molecules contains an azide and the
other an alkyne. As noted above, affixing one or the other of
these reactive groups to biomolecules has proven trouble-
some. Thus, there remains a long-felt and unmet need for a
fast, easy, and direct method to azidylate biomolecules,
including proteins, polypeptides, and nucleic acids. Such a
method would enable access to the panoply of reactions that
can be accomplished using click chemistry.

SUMMARY

[0009] Disclosed herein is an orthogonal reaction for
direct protein azidylation. The reaction requires only copper
(D), azide, and protein. Unlike with oxidative azidylation,
which appeared to modify many residues, this system, due
to the Cu(l) as a major reactant, may be directed to and
modify Histidine residues, based upon literature precedent
for His:Cu(I) coordination. Thus, this presents a more con-
trollable system for protein modification. This method
enables click chemistry directly on proteins, and thus may
have value on top of the current azidylation methods for use
in bioconjugation.

[0010] Specifically, disclosed herein is a method of attach-
ing an azide moiety to a biomolecule, the method compris-
ing contacting a biomolecule in a solution with an azide and
a copper, for a time wherein at least one azide moiety is
covalently bonded to the biomolecule to yield an azidylated
biomolecule.

[0011] In one version, the copper is copper(I). Alterna-
tively, the copper is copper(Il), and the solution comprises a
reductant to generate copper(l) from copper(1).

[0012] The solution may further comprise a ligand to
coordinate the copper for reducing degradation of the bio-
molecule.

[0013] The biomolecule may be a protein, and by way of
non-limiting, the protein may be selected from the group
consisting of an intracellular protein, a membrane-bound
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protein, a circulating protein, and an antibody. Alternatively,
the biomolecule may be a nucleic acid polymer, such as a
DNA or RNA polymer.

[0014] The contact time of the biomolecule with the azide
is not limiting. It can range from about 1 second to about 20
hours.

[0015] The method further comprises reacting the azidy-
lated biomolecule with a reagent comprising an alkyne. The
alkyne may be a terminal alkyne or an internal alkyne. The
reagent comprising an alkyne may be a cyclic alkyne. The
reaction with the alkyne may be a copper-catalyzed azide-
alkyne cycloaddition (“CuAAC”) reaction or a strain-pro-
moted alkyne-azide cycloaddition (“SPAAC”) reaction.
[0016] The objects and advantages of the disclosure will
appear more fully from the following detailed description of
the preferred embodiment of the disclosure made in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows azidylation of Trastuzumab with or
without Cu, TEMPO, and azide. The reaction was conducted
with 1.24 pM Trastuzumab, +/-10 mM sodium azide
(NaNj3), +/-500 uM TEMPO, +/-500 uM Copper(I) Chlo-
ride (CI(D)CI), and 0.5% acetonitrile (from Cu(I)Cl dilution).
The reaction was run for 20 min and the products were
desalted with Zeba spin desalting columns. Fluorescent
alkyne was subsequently supplied to the reaction and clicked
for 20 min with standard Cu click reaction. Gel results were
shown. Top is Coomassie protein stain to assess protein load
and/or degradation, and bottom is fluorescent image of the
same gel, to assess covalent azide addition (azidylation).
[0018] FIG. 2 shows azidylation of Trastuzumab using
Cu(l) or Cu(Il) with or without ligands. The reaction was
conducted with 1.24 uM Trastuzumab, +/-5 mM NaNj,
+500 uM Cu(D)Cl or Cu(II)Sulfate supplied as free Cu(I) or
Cu(II) salt or bound to the ligand THTPA or BTTAA, and
0.5% acetonitrile. The products were desalted with Zeba
spin desalting columns. Fluorescent alkyne was subse-
quently supplied to the reaction and clicked for 20 min with
standard Cu click reaction.

[0019] FIG. 3 shows azidylation of Trastuzumab with 0.5,
1, or 2 mM Cu(l) and 15 or 30 min reaction time. The
reaction was conducted with 1.24 uM Trastuzumab, +/-10
mM NaNj;, +0.5 mM, 1 mM, or 2 mM CI(I)Cl, and 0.5%,
1%, or 2% Acetonitrile (from 100 mM Cu(I)Cl dilution).
The products were desalted with Zeba spin desalting col-
umns. Fluorescent alkyne was subsequently supplied to the
reaction and clicked for 20 min with standard Cu click
reaction.

[0020] FIG. 4 shows azidylation of Trastuzumab with
DMSO as solvent. The reaction was conducted with 1.24 uM
Trastuzumab, +/-5 mM NaN;, +/-500 uM Cu()Cl, and
1.5%, 5.5%, or 10.5% DMSO. The products were desalted
with Zeba spin desalting columns. Fluorescent alkyne was
subsequently supplied to the reaction and clicked for 20 min
with standard Cu click reaction.

[0021] FIG. 5 shows azidylation of Trastuzumab with four
different forms of Cu(l), including tetrakis (acetonitrile)
copper(l) hexafluorophosphate (C1), tetrakis (acetonitrile)
copper(l) trifluoromethanesulfonate (C2), copper(l) iodide
(C3), and copper(l) chloride (C4). The reaction was con-
ducted with 1.24 pM Trastuzumab, +/-5 mM NaN;, +/-500
uM C1, C2, C3, or C4, and 0.5% organic solvent (either
DMSO or acetonitrile). The reaction was run for 20 min.
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[0022] FIG. 6 shows azidylation of Trastuzumab in dif-
ferent buffers, including water, 25 or 50 mM ammonium
bicarbonate (AMBIC), 50 mM Tris-HCI, and 50 mM sodium
phosphate (NaPO,). The reaction was conducted with 1.24
UM Trastuzumab, +/-5 mM NaNj;, +/-500 M Cu(I)Cl, and
0.5% acetonitrile with the different buffers.

[0023] FIG. 7 shows azidylation of Trastuzumab with
TMSN; as an azide donor compared to NaNj;. Tris-HCl and
triethyl ammonium bicarbonate (TEAB) were tested due to
different number of alcohol groups to scavenge potential
silylation of protein sidechains and gauge reaction effi-
ciency. The reaction was conducted with 1.24 pM
Trastuzumab, +/-5 mM NaN; or 1 mM/5 mM TMSN;,
+/=-500 uM Cu(I)Cl, 0.5% acetonitrile, and Tris-HCI or
TEAB as background buffer (~pHS.5).

[0024] FIG. 8 shows an annotated amino acid sequence
(SEQ ID NO:1) compiled from mass spectrometry results
confirming direct azide addition to Trastuzumab (sold under
the registered trademark “HERCEPTIN”®, Genentech, Inc.
San Francisco, California) and subsequently attaching a
derivatized drug alkyne via click chemistry. The azide
modification occurred at the two bold residues at positions
271 and 272. The ultimate modification was a triazole group
linked to Exatacan (i.e., (1S,9S)-1-amino-9-ethyl-5-fluoro-
9-hydroxy-4-methyl-1,2,3,9,12,15-hexahydro-10H,13H-
benzo[de]|pyrano[3',4":6,7]indolizino[1,2-b]quinoline-10,
13-dione.)

[0025] FIG. 9 shows azidylation of Trastuzumab by pre-
mixing Cu(I)Cl and TMSN;, before adding to protein versus
adding Cu(I)Cl first for 1 min, then adding TMSN;. This is
to test whether the order of adding reagents could impact the
reaction. The reaction was conducted with 1.24 pM
Trastuzumab, +/-5 mM NaN; or 1 mM/5 mM TMSN,,
+/-100 pM or 500 pM Cu(I)Cl, and 10% acetonitrile, all in
50 mM TEAB.

[0026] FIG. 10 shows azidylation of Trastuzumab using
Cul or CuCl and 10% or 20% acetonitrile. The reaction was
conducted with 1.24 uM Trastuzumab, +/-5 mM NaN; or
TMSN;, +/-100 uM Cu(D)CI or Cu(DI, and 10% or 20%
acetonitrile, all in 50 mM TEAB.

[0027] FIG. 11 shows azidylation of Trastuzumab with
different concentrations of TMSN; and Cu(l). The reaction
was conducted with 1.24 uM Trastuzumab, +1 mM or 5 mM
TMSN;, +12.5, 25, 50, or 100 uM Cul, and 10% acetonitrile,
all in 50 mM TEAB.

[0028] FIG. 12 shows an exemplary reaction of protein
azidylation by TMSN; and with ascorbate to regenerate
Cu(l) from Cu(Il).

[0029] FIG. 13 shows azidylation of Trastuzumab com-
paring conditions with Cu(I) (as copper iodide) vs. Cu(Il) (as
cupric sulfate), with or without sodium ascorbate to generate
Cu(l) from Cu(Il) in situ, and with or without the ligand
THPTA. The reaction was conducted with 1.37 uM
Trastuzumab, 50 mM TEAB (~pH 8.5), +/-5 mM sodium
ascorbate in water, +/-100 uM Cu(I) or Cu(ll), +/-500 M
THPTA, and 5 mM TMSN3, all in 10% acetonitrile due to
TMSN; solubility. The reaction was run for 30 min.
[0030] FIG. 14 shows azidylation of Trastuzumab with
titrating down added Cu(ll) and THPTA while keeping
TMSN, and ascorbate constant, and running the reaction
twice as long as the test shown in FIG. 13 (30 min vs. 60
min). Cu:THPTA ratio is kept constant at 1:5. The reaction
was conducted with 1.37 uM Trastuzumab, 50 mM TEAB
(~pH 8.5), +1 or 5 mM sodium ascorbate in water, +10, 50,
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or 100 uM Cu(Il) (supplied as cupric sulfate), +50, 250, or
500 uM THPTA, and 5 mM TMSN3, all in 10% acetonitrile
due to TMSN; solubility.

[0031] FIG. 15 shows azidylation of Trastuzumab with
lower concentrations of Cu(Il) (1 uM) and THPTA (5 uM)
based on the test results shown in FIG. 14, and the reaction
was run overnight for about 17 hours. The Cu: THPTA ratio
is kept constant at 1:5. The reaction was conducted with 1.37
uM Trastuzumab, 50 mM TEAB (~pH 8.5), +1 or 5 mM
sodium ascorbate in water, +1, 10, 50, or 100 uM Cu(II)
(supplied as cupric sulfate), +5, 50, 250. or 500 pM THPTA,
and 5 mM TMSN,, all in 10% acetonitrile due to TMSN,
solubility.

[0032] FIG. 16 shows relative intensities of bands as
shown in lanes 1-5 of FIG. 15, comparing protein azidy-
lation with 1, 10, 50, and 100 uM Cu(II) added.

[0033] FIG. 17 shows azidylazed Trastuzumab without
click reaction, or clicking with standard CuAAC reagent,
Vax, or Yax CuAAC reagents. The azidylation was con-
ducted with TMSN,, Cu(Il), and ascorbate overnight.
[0034] FIG. 18 shows CuAAC vs. SPAAC reactions of
azidylazed Trastuzumab. The CuAAC reaction was run for
30 min, and the SPAAC reaction was run for 1, 5, or 45
hours. The azidylation of Trastuzumab prior to SPAAC
reaction was conducted with 100 or 500 uM ascorbate and
compared to no azide control.

[0035] FIG. 19 is a gel showing that His-tagged human
serum albumin (HSA) is modified more heavily using the
disclosed method than is untagged HSA. See examples for
experimental details.

[0036] FIG. 20 is a gel showing that the results depicted in
FIG. 19 are reproducible and quantifiable using dibenzocy-
clooctyne-poly (ethylene) glycol (DBCO-PEG) click

reagents.
DETAILED DESCRIPTION
Abbreviations and Definitions
[0037] 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 1 to 9, from 3.6 to 4.6, from
3.51t0 9.9, and so forth.

[0038] All references to singular characteristics or limita-
tions shall include the corresponding plural characteristic or
limitation, and vice versa, unless otherwise specified or
clearly implied to the contrary by the context in which the
reference is made. That is, unless specifically stated to the
contrary, “a” and “an” mean “one or more.” The phrase “one
or more” is readily understood by one of skill in the art,
particularly when read in context of its usage. For example,
“one or more” substituents on a phenyl ring designates one
to five substituents.

[0039] All combinations of method or process 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 referenced combination is made.

[0040] The methods disclosed herein can comprise, con-
sist of, or consist essentially of the essential elements and
limitations of the method as described herein, as well as any
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additional or optional ingredients, components, or limita-
tions described herein or otherwise useful in synthetic
organic chemistry. The disclosure provided herein suitably
may be practiced in the absence of any element which is not
specifically disclosed herein.

Chemical Names and Structures

CH;
H3C—Si—N;3
CH;

Azidotrimethylsilane (TMSN3)

H;C CHj
HiC N CHjz
I8
(2,2,6,6-Tetramethylpiperidin-1-yl)oxyl (TEMPO)
OH

OH

HO

Tris-hydroxypropyltriazolylmethylamine (THPTA)

CH;
N
HsC N7\
AN
\ N
/\<j}\f
N
\
\_—COOH
H;C
N N
7z
Hsc%/ \N/
H,C

2-(4-((bis((1-(tert-butyl)-1H-1,2,3-triazol-4-yl)methyl)amino)methyl)-
1H-1,2,3-triazol-1-yl)acetic acid (BTTAA
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-continued
NH,

(18,9S)-1-Amino-9-ethyl-5-fluoro-9-hydroxy-4-methyl-1,2,3,9,12,15-
hexahydro-10H,13H-benzo[de]pyrano[3',4":6,7]indolizino[1,2-b]
quinoline-10,13-dione (Exatacan)

[0041] The term “biomolecule” is defined broadly herein
to encompass both small and macromolecular molecules
found in nature, explicitly including, but not limited to
proteins and polypeptides (terms which are used synony-
mously herein) and polynucleic acids of all types (e.g.,
DNA, RNA, and combinations thereof). Also included
within the term are non-natural modified versions thereof,
such as proteins with non-natural residues, tagged and
labeled versions of natural biomolecules, etc. Non-limiting
examples of “biomolecules” include antibodies, serum pro-
teins, membrane-bound proteins, intracellular proteins and
nucleic acids, genomic DNA, mRNA, tRNA, shRNA, etc.

[0042] The term “contacting” refers to the act of touching,
making contact, or of bringing to immediate or close prox-
imity, including at the molecular level, for example, to bring
about a chemical reaction, or a physical change, e.g., in a
solution or in a reaction mixture. An “effective amount”
refers to an amount of a chemical or reagent effective to
facilitate a chemical reaction between two or more reaction
components, and/or to bring about a recited effect. Thus, an
“effective amount” generally means an amount that provides
the desired effect.

[0043] The terms “label” and “labeled” are defined
broadly herein to encompass any and all molecular markers,
labels, or probes of any structure or configuration, now
known or developed in the future, that can be detected by
any means (now known or developed in the future). The
term “label” as used herein is synonymous terms such as
“marker” and “probe” and others that are conventionally
encountered in the relevant literature. The term “label”
includes, without limitation, radioactive labels, fluorescent
labels, chromophoric labels, affinity-based labels (such as
antibody-type markers, biotin, etc.), and the like. Conven-
tional radioactive isotopes used for detection include, with-
out limitation, *?p, **C, ?H, and many others. A huge number
of fluorescent and chromophoric probes are known in the art
and commercially available from numerous worldwide sup-
pliers, including Life Technologies (Carlsbad, California,
USA), Enzo Life Sciences (Farmingdale, New York, USA),
and Millipore Sigma (also known as Sigma-Aldrich (St.
Louis, Missouri, USA).

[0044] The term “solvent” refers to any liquid that can
dissolve a compound to form a solution, without limitation.
Solvents include water and various organic solvents, such as
hydrocarbon solvents, for example, alkanes and aryl sol-
vents, as well as halo-alkane solvents. Examples include
hexanes, benzene, toluene, xylenes, chloroform, methylene
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chloride, dichloroethane, and alcoholic solvents such as
methanol, ethanol, propanol, isopropanol, and linear or
branched (sec or tert) butanol, and the like. Aprotic solvents
that can be used in the method include, but are not limited
to perfluorohexane, a,a,a-trifluorotoluene, pentane, hexane,
cyclohexane, methylcyclohexane, decalin, dioxane, carbon
tetrachloride, freon-11, benzene, toluene, triethyl amine,
carbon disulfide, diisopropyl ether, diethyl ether, t-butyl
methyl ether (MTBE), chloroform, ethyl acetate, 1,2-dime-
thoxyethane (glyme), 2-methoxyethyl ether (diglyme), tet-
rahydrofuran (THF), methylene chloride, pyridine, 2-bu-
tanone (MEK), acetone, hexamethylphosphoramide,
N-methylpyrrolidinone (NMP), nitromethane, dimethylfor-
mamide (DMF), acetonitrile, sulfolane, dimethyl sulfoxide
(DMSO), propylene carbonate, and the like.

[0045] Asused herein, the term “click chemistry” or “click
reaction” is used to refer generically and broadly to a family
of azide-alkyne cyclo-addition reactions, including (by way
of example and not limitation) copper(I)-catalyzed azide-
alkyne cycloaddition (hereinafter “CuAAC”) and strain-
promoted  azide-alkyne  cycloaddition  (hereinafter
“SPAAC”), which does not require a copper(l) containing
catalyst.

[0046] Click reactions are a subset of bioorthogonal reac-
tions that can occur inside living systems without interfering
with native biological processes. The term “biorthogonal”
implies that the reaction does not react with or disrupt
endogenous biomolecules present in biological systems.
[0047] The CuAAC reaction has been widely reported in
scientific literature. See, for example, Presolski, Hong, and
Finn (2011) “Copper-Catalyzed Azide-Alkyne Click Chem-
istry for Bioconjugation,” Curr Protoc Chem Biol. 3(4):153-
162. The CuAAC reaction proceeds generally by the fol-
lowing reaction scheme:

R!—N; + H—=——R?
cu! lliga_nd
R! R?
\N \
\
N=N

[0048] The basic CuAAC reaction requires only copper
ions in the +1 oxidation state. These may be supplied by a
discrete Cu(l) complex, by metallic copper, or copper-
impregnated materials. See, for example, Rostovtsev V 'V,
Green L G, Fokin V'V, Sharpless K B. (2002) “A Stepwise
Huisgen Cycloaddition Process: Copper(I)-Catalyzed Regi-
oselective Ligation of Azides and Terminal Alkynes,”
Angew Chem, Int Ed. 41:2596-2599. See also Lipshutz B H,
Frieman B A, Tomaso A E., J (2006) “Copper-in-Charcoal
(Cu/C): Heterogeneous, Copper-Catalyzed Asymmetric
Hydrosilylations,” Angew Chem, Int Ed. 45:1259-1264. The
reaction is also widely practiced using a mixture of a Cu(II)
salt and a reducing agent, sodium ascorbate being the most
popular (see, e.g., Rostovtsev et al. 2002, supra). Optionally,
accelerating ligands may also be added to the reaction.
These accelerating ligands act as chelating agents to main-
tain a readily available concentration of Cu(l) in solution.
(Copper ions are quite facile and can undergo redox and
disproportionation reactions that rapidly decrease the con-
centration of Cu(l) in the reaction solution.)
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[0049] The CuAAC reaction has a host of benefits in the
context of conjugating biomolecules. It yields a non-toxic
triazole from biological building blocks that have been
modified with non-perturbing azides and unactivated
alkynes. The CuAAC reaction is reliable and tolerates a
wide range of reaction conditions. It is pH-independent and
can be carried out in water at ambient, room temperature. It
can be utilized in reactions taking place entirely in solution
and can also be utilized for solid-phase immobilization
reactions. In the biomolecular realm in particular, azido
groups and acetylenic groups are quite rare in natural
biomolecules. Hence, the reaction is highly bio-orthogonal
and specific.

[0050] The Cu(I)-free [2+3] cycloaddition, strain-pro-
moted click strategy (SPAAC) relies on the use of strained
dibenzylcyclooctynes (“DBCO’s”). See, for example, Agard
N J, Prescher, J A, and Bertozzi, CR (2004) “A strain-
promoted [3+2] azide-alkyne cycloaddition for covalent
modification of biomolecules in living systems,” J. Am.
Chem. Soc. 126(46):15046-7. The strained conformation of
DBCO’s decreases the activation energy for the cycloaddi-
tion click reaction, enabling it to be carried out without the
need for a catalyst. The reactions take place at low tempera-
tures (ambient) with an efficiency greater than that of the
Cu(I)-catalyzed ligation.

Lo
®/jo(

DBCA-containing molecule “A”
= .

Azide-containing molecule “B”

N
[
> ¥
O

Conjugate of “A” and “B”, cross-linked via a triazole moiety

=
_N/

[0051] The Cu(l)-free ligation reaction scheme is shown
schematically above. Diarylcyclooctyne-activated biomol-
ecule A reacts with azide-activated biomolecule B without
Cu(l) in aqueous conditions to form a stable triazole. Dia-
rylcyclooctynes are thermally stable compounds with very
narrow and specific reactivity toward azides. The ligation
reaction is very fast and results in almost quantitative yield
of stable triazoles.
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[0052] The flexibility and utility of copper-free click
chemistry in the investigation of the interactions of biomo-
lecules is manifest. For example, a novel class of difluori-
nated cyclooctyne (DIFO) reagents were employed in cop-
per-free click chemistry for the site-selective labeling of
biomolecules in vitro and in vivo. See Codelli J A, Baskin
J M, Agard N I, Bertozzi C R. (2008) “Second-Generation
Difluorinated Cyclooctynes for Copper-Free Click Chemis-
try,” J. Am. Chem. Soc. 130(34):11486-11493.

[0053] Catalyst-free click reactions are useful for prepar-
ing radiometal-based pharmaceuticals. Radiotracer [**Cul]
DOTA-ADIBON;-Ala-PEG,5-A20FMDV?2, used for posi-
tron emission tomography imaging of integrin avf6-
expressing tumors, has been synthesized via copper-free
click chemistry. Satpati D, Bauer N, Hausner S H, Sutcliffe
I L (2014) “Synthesis of [*Cu]DOTA-ADIBON,-Ala-
PEG,5-A20FMDV?2 via copper-free click chemistry for PET
imaging of integrin avf6,” J Radioanal Nucl Chem. 302
(2):765-771.

[0054] Iodine radioisotope labeling of cyclooctyne-con-
taining molecules by copper-free click reaction has been
reported. Radioiodination using the tin precursor was carried
out at room temperature to obtain '*°I-labeled azide. Diben-
zocyclooctyne (DBCO)-containing cRGD peptide and gold
nanoparticle were labeled by employing '**I-labeled azide
to afford triazoles in good radiochemical yields (67-95%).
This method is useful for both in vitro and in vivo labeling
of DBCO group-containing molecules with iodine radioiso-
topes. See Jeon J, Kang J A, Shim H E, Nam Y R, Yoon S,
Kim H R, Lee D E, Park S H (2015) “Efficient method for
iodine radioisotope labeling of cyclooctyne-containing mol-
ecules using strain-promoted copper-free click reaction,”
Bioorganic & Medicinal Chemistry 23(13):3303-3308.
[0055] A protein, site-specific labeling techniques
employing the SPAAC reaction between dibenzocyclooc-
tyne-fluor 545 (DBCO-fluor 545) and an azide-bearing
unnatural amino acid is described in Zhang G, Zheng S, Liu
H, Chen P R. (2015) “Illuminating biological processes
through site-specific protein labeling,” Chem. Soc. Rev. 44
(11): 3405-3417.

[0056] These types of click chemistry reactions, and many
more, are made much easier using the presently disclosed
method because the method allows for direct and control-
lable azidylation of a biomolecule of interest.

[0057] A wide range of reagents for practicing click chem-
istry are available commercially from numerous interna-
tional suppliers, including Millipore-Sigma, Inc. (Madison,
Wisconsin, USA, a wholly owned subsidiary of Merck
KGaA, Darmstadt, Germany), Interchim Inc. (San Pedro,
California, USA), Interchim SA (Montlugon, France), and
Cheshire Sciences Ltd., Chester, England. These reagents
include a host of labeled alkynes and azides that permit a
huge array of discovery-type and confirmatory-type reac-
tions. These commercially available reagents include fluo-
rescently labeled alkynes and azides, biotin-tagged alkynes
and azide, and the like.

Biomolecule Azidylation

[0058] Disclosed herein is a simpler method for rapidly
attaching azide (N;) groups to biomolecules (e.g., proteins)
in solution. In a previously developed azidylation method,
an oxidative reagent is required (see W02023/122242 Al).
The present disclosure has discovered that direct protein
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azidylation requires only copper(l), azide, and protein, and
the reaction appears to specifically modify histidine resi-
dues.

[0059] The method disclosed herein has potential for
better controllable protein modification as compared to the
original reaction, to facilitate click chemistry directly on
proteins. This is advantageous because getting an alkyne or
an azide (each Y2 of the click reaction copper-catalyzed
azide-alkyne cycloaddition) onto a protein is the hard part of
enabling click-based conjugation. Synthesizing alkyne-con-
taining compounds is generally preferred to azide-contain-
ing compounds due to the hazardous nature of azides. But
the method disclosed herein is a safe reaction. The amounts
of azide used are minimal, and the chemistry presents no
safety issues for a general life scientist trained in basic lab
safety. Additionally, the method allows for controllable
protein modification which is more desirable for the anti-
body-drug conjugate use. If one can get an azide onto a
protein and available for downstream conjugation, virtually
any alkyne can be covalently bound, and the formed linkage
between the azide and alkyne is effectively irreversible.
Thus, there is promise here for activating protein for con-
jugation of all sorts, with many biological and chemical
applications.

[0060] In the present disclosure, the azidylation method
was tested using trastuzumab as an exemplary biomolecule.
Various reaction conditions were investigated, including the
form and source of Cu, the source of azide, buffers, solvents,
concentration of reagents, reaction time, the order of adding
reagents, the method of reducing protein degradation, and
subsequent click reactions.

[0061] In an initial test, the molecule TEMPO (a stable
free radical) was used as a radical scavenger/initiator, but is
shown to be unnecessary. As shown in FIG. 1, Cu(I) and
azide are sufficient for azide addition. The reaction without
TEMPO (lane 3) resulted in similar level of azide addition
compared to the reaction with TEMPO (lane 6). Azide
addition did not occur in tests lacking one or both of Cu(l)
and azide (lanes 1, 2, 4, and 5). TEMPO may mitigate a bit
of degradation, but is not required. In this test, NaN; was
used as the source of azide, and Cu(l) Cl was used as the
source of Cu(I). It is noted that the concentration of NaNj
used here is 10 mM, which is significantly lower than
previous methods typically using 100 mM and above.
[0062] Subsequently, Cu(Il) and ligand-bound Cu(I) were
tested. As shown in FIG. 2, Cu(l) is needed for azide
addition and clicking above background levels. The reac-
tions with Cu(l) (lanes 2-4) resulted in significantly higher
levels of azide addition compared to the reactions with
Cu(1l) (lanes 5-7). Cu(Il) may result in a little bit of extra
addition in lane 5, but it’s not as marked as with Cu(I). The
Cu(l) with or without ligand-bound yielded similar results.
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Here, the ligands THPTA and BTTAA were tested (lane 2:
no ligand; lane 3: THPTA; lane 4: BTTAA).

[0063] Reactions with Cu(l) at concentrations of 0.5, 1,
and 2 mM and a reaction time of 15 and 30 min were tested,
and the results are shown in FIG. 3. As shown in the figure,
0.5 mM and 15 min are sufficient for the reaction (lane 3),
indicating that the reaction can occur quickly. The level of
azide addition under this condition (lane 3) shows no
apparent difference from reactions with higher concentra-
tions of Cu and/or a longer reaction time (lanes 4-8). The
results also show that Cu alone (lane 2, without azide)
caused protein degradation.

[0064] In the above tests, acetonitrile was used as the
solvent. Further tests show that the reaction is compatible
with other organic solvents, such as DMSO. FIG. 4 shows
successful azide addition with 1.5%, 5.5%, and 10.5%
DMSO (lanes 4-6). This is important as Cu(l) compounds
are not that soluble in aqueous solvents. Additionally,
DMSO may prevent some degradation of protein.

[0065] Four compounds of Cu(l) were further tested,
including tetrakis(acetonitrile)copper(I) hexafluorophos-
phate (C1), tetrakis(acetonitrile)copper(I) trifluoromethane-
sulfonate (C2), copper(l) iodide (C3), and copper(I) chloride
(C4). As shown in FIG. 5, all the four forms of Cu(l) are
suitable for use in the azidylation reaction.

[0066] Different buffer systems of the reaction were also
tested, including water, 25 or 50 mM ammonium bicarbon-
ate (AMBIC), 50 mM Tris-HCI, and 50 mM sodium phos-
phate (NaPQO,). As shown in FIG. 6, all the tested buffers
work for the reaction, with Tris buffer yielding the best
result. The test also showed that clicking itself is causing
protein degradation and the observed background. See the
pre-and post-click lanes (lanes 2 and 3). Using minimal
reagent conditions for clicking could help to mitigate the
degradation.

[0067] Other than NaNj, azidotrimethylsilane (TMSNj;)
was tested as an azide donor, with Tris-HCI or triethyl
ammonium bicarbonate (TEAB) as background buffer. As
shown in FIG. 7, TMSNj appears to be a better azide donor
(comparing lanes 6-9 with TMSNj to lane 1 with NaN;). The
results show a clear Cu-dependent reaction, as azide addition
did not occur without Cu(I) (see lanes 2-5). Some degrada-
tion of the protein was observed and seemed to be correlated
with the modification.

[0068] TMSN, tends to work better over shorter reaction
times (e.g., a 1-hour reaction), while sodium azide (NaNj;)
tends to work better over longer reactions times (e.g., a
24-hour reaction).

[0069] The direct azide addition and clicking on of a
derivatized drug alkyne was confirmed by mass spectrom-
etry. See FIG. 8 and SEQ ID. NO: 1. The reaction is shown
below:

+azidylated protein
+elick reaction

Chemical Formula: C3,H3,FN305
Exact Mass: 589.2224
Molecular Weight: 589.6204
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O

)k/\o /\/O\/\/N—protein

HN

Chemical Formula: C3,H3,FNgO7
Exact Mass: 631.2317
Molecular Weight: 631.6414

[0070] As shown by the bolded residues in FIG. 8, the
modification was attached at residues 271 and 272 of the
protein. (For the starting material, Exatacan, see U.S. Pat.
No. 5,834,476, issued Nov. 10, 1998, to Terasawa et al.)
[0071] The order of adding matters in the reaction was
tested by premixing Cu(I)Cl and TMSNj; before adding to
protein versus adding Cu()Cl first for 1 min, then adding
TMSN;. The results were compared at different TMSN;
concentrations (1 mM vs. 5 mM) and also compared to the
reaction with NaNj; as the azide donor. As shown in FIG. 9,
premixing Cu(I) with TMSN; appears to yield more modi-
fication. TMSNj; appears to be more important than Cu. To
that point, 100 uM Cu premixed with 1 or 5 mM TMSN,
appeared to give good modification, more than NaNj.
[0072] We further tested premixed azide (TMSN; or
NaN;) with Cul or CuCl in 10% or 20% acetonitrile. As
shown in FIG. 10, higher concentration of organic solvent
does not lead to more modification; rather, higher organic
inhibits the reaction (see lanes 1-4 with 10% acetonitrile vs.
lanes 5-8 with 20% acetonitrile). Cul was shown to work as
well as CuCl. As Cul is more soluble in acetonitrile, sub-
sequent tests were conducted using Cul. The results also
confirmed that TMSN; appears to be a better azide donor
than NaNj.

[0073] The tests have repeatedly shown that adding more
Cu is detrimental, as it clearly degrades protein, and in
general, excess Cu can bind to and disrupt protein structure.
Minimizing Cu concentration could help to reduce protein
degradation. Our test showed that Cu(I) can be minimized to
about 1:40 protein:Cu molar ratio. As shown in FIG. 11,
there appears to be a threshold effect at about 50 uM Cu.
Azide addition did not occur with Cu concentrations lower
than 50 pM (see lanes 2, 3. 6, and 7 with 12.5 or 25 uM Cu).
Also, it is clear from the results that higher concentrations of
TMSN, resulted in more modification.

[0074] However, lowering Cu concentration also lowers
the yield. There is a balance between protein modification
with protein degradation. As modification goes up, so as
degradation. Therefore, we sought to gently increase the
amount of modification without adding excesses of Cu(l)
and shredding the protein. Two ways for gently augmenting
the reaction were explored:

[0075] First, adding a reductant, such as ascorbate, was
tested to verify if it could regenerate Cu(I) from Cu(Il) in
situ (the reaction is shown below and in FIG. 12). This
would enable adding much less Cu, as Cu(ll) is water
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N=N

soluble, whereas basically no Cu(l) compounds are. Addi-
tionally, Cu(Il) has no solubility/background oxidation
issues. This way, increasing the ascorbate dose would
increase the effective Cu(I) dose given, over the time of the
reaction. Ascorbate should not affect the protein itself, and
it is an antioxidant. Our results have shown that there is no
difference between adding Cu(l) and Cu(Il), if Cu(l) is
generated in situ from Cu(Il).

Regeneration of Cu(I) from Cu(Il)

oun

ascorbate radical

® indicates text missing or illegible when filed

[0076] Second, adding a Cu ligand was tested for coordi-
nation and to prevent the Cu causing protein degradation. Cu
is less likely to bind protein when it is bound to a ligand. The
ligand is typically an antioxidant and absorbs some amount
of oxidation. The ligand also helps with Cu(I) solubility.
With the presence of the ligand, when Cu(l) is generated
from the reduction of Cu(I), it does not crash out of solution
and is readily available to react. As with ascorbate alone, Cu
ligand is innocuous to protein structure.

[0077] Our results have shown that with the reductant and
Cu ligand, azide addition can be conducted at high levels,
with significantly less protein degradation.

[0078] In one test, sodium ascorbate was added to gener-
ate Cu(l) from Cu(lIl) in situ, and a Cu-coordinating ligand
THPTA was added to Cu prior to adding to reaction. The
reaction was run for 30 min. The results were compared to
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conditions without ascorbate and/or without THPTA. The
results as shown in FIG. 13 were consistent with previous
finding that the reaction is Cu(I) dependent, and does not
work with Cu(Il). As shown in lane 4, modification did not
occur with Cu(Il) but without ascorbate. Both Cu(I) and
TMSN, are necessary for azidylation above background
levels. Adding ascorbate to generate Cu(l) from Cu(Il) in
situ amplifies the reaction significantly, but also causes
protein degradation (see lanes 5-6 without adding THPTA).
In contrast, adding the Cu-coordinating ligand THPTA on
top of that prevents this degradation, while increasing the
modification (lanes 7-8).

[0079] Different concentrations of ascorbate (1 and 5
mM), Cu(Il) (10, 50, and 100 pM), and THPTA (50, 250, and
500 uM) added to the reaction were further investigated,
along with prolonged reaction time (60 min). The
Cu:THPTA ratio was kept constant at 1:5. As shown in FIG.
14, the azide addition reaction works better with less added
ligand-bound Cu and more reaction time. Down to as little
as 10 uM Cu (about 7:1 Cu:Protein ratio) with ascorbate
regeneration leads to significant modification (lanes 2 and
5). Protein degradation is much less than without THPTA
added. The results also show that more Cu and/or THPTA
appear to inhibit the reaction (see lanes 2 and 5 with 10 M
Cu and 50 uM THPTA compared to higher concentrations of
Cu and THPTA in lanes 3-4 and 6-7). There appears to be no
apparent difference between 1 mM and 5 mM ascorbate, and
thus the ascorbate concentration could probably be lessened
further.

[0080] In a subsequent test, the Cu(ll) and THPTA con-
centrations were further lowered to 1 uM and 5 UM, respec-
tively, and the reaction time was further prolonged to 17
hours. The Cu:THPTA ratio was still kept constant at 1:5. As
shown in FIG. 15, when left longer, less Cu and THPTA
concentrations appear to better balance the modification and
degradation (see lanes 2 and 6 with 1 uM Cu and 5 uM
THPTA compared to higher concentrations of Cu and
THPTA in lanes 3-5 and 7-9). Less ascorbate appears to
better balance degradation with modification (see lanes 2-5
with 1 mM ascorbate compared to lanes 6-9 with 5 mM
ascorbate). FIG. 16 shows relative intensities of bands in
lanes 1-5 of FIG. 15. About 93% of signal remains with 1
UM Cu, much higher than the results with 10, 50, or 100 uM
Cu. Induced crosslinking (presumably due to oxidation) was
seen with this longer timepoint reaction with 17 hours. It is
hard to untangle degradation and oligomerization here. In
some lanes, degradation may be minimal, and loss of the
monomeric band may be due to crosslinking and oligomer-
ization, though in some lanes it is clearly both. Overall, the
results suggest that if decreasing the reactants, the reaction
can run overnight without totally shredding protein.

Click Reaction

[0081] The azidylated biomolecule generated from the
above-described method can subsequently react with a
reagent comprising an alkyne via CuAAC or SPAAC reac-
tion. It is found that the CuAAC reaction can cause band
smearing, as shown in FIG. 17. We further tested the SPAAC
reaction with the azidylated protein, and the reaction was run
for 1, 5, or 45 hours. As shown in FIG. 18, the SPAAC click
reaction reduces smearing compared to CuAAC clicking.
The results also show that the SPAAC reaction can be left for
a prolonged time (e.g., 45 hours) without negative effects.
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Example

[0082] As shown in the following example, histidine resi-
dues are the major site of azidylation. The question was
asked: Will a protein with a 6x C-terminal His-tag get
modified more heavily than a protein without one? This is
relevant because His-tags are used extensively for protein
purification via affinity chromatography. A host of proteins
can be purchased commercially that are pre-labelled with a
His-tag. The ability to further modify a His-tag using
click-chemistry would be extremely useful.

[0083] To evaluate the question, unmodified and 6x His-
tagged human serum albumin (HSA) were purchased from
Abcam, Waltham, Massachusetts: Recombinant Human
Serum Albumin protein (His tag), catalog no. ab217817, and
Native Human Serum Albumin protein, catalog no.
ab205808. The sequence of these two proteins is identical
with the exception of a 6x His-tab on the C-terminus. The
results are shown in FIGS. 19 and 20.

[0084] Referring now to FIG. 19, the figure clearly shows
that His-tagged HSA was modified more heavily than
untagged protein. The reaction conditions for the azidy-
lation/click reaction were as follows:

[0085] ~ 3-4 uM HSA, tagged or untagged

[0086] 50 mM triethyl ammonium bicarbonate (TEAB)
as background buffer, ~pH 6.8- 7.0

[0087] 5 mM NaN,

[0088] 1 puM Cu(Il)/50 pM THPTA (tris-hydroxypropy-
Itriazolylmethylamine—a Cu ligand)

[0089] 500 uM sodium ascorbate.

[0090] Reaction run time: ~18-20 hours, in the cold and
dark

[0091] In FIG. 19, the far-right lane is bovine serum
albumin (BSA) pre-conjugated with azide. This was used as
a positive control. As is clearly seen in the figure, the
His-tagged protein picks up more fluorescence than the
untagged protein.

[0092] The above experiment was then run again under
various conditions using DBCO-PEG click reagents. The
results are shown in FIG. 20. The reaction conditions for the
azidylation/click reaction were as follows:

[0093] ~3-4 uM HSA, tagged or untagged.

[0094] 50 mM Triethyl ammonium bicarbonate (TEAB)
as background buffer, ~pH 6.8-7.0

[0095] +/-5 mM NaN,

[0096] +/-1 pM Cu(11)/50 uM THPTA

[0097] +/-500 M sodium ascorbate.

[0098] Reaction run time: ~18-20 hours, in the cold and
dark.

[0099] Clicked the DBCO-PEG reagents shown in FIG.

20 for ~3 hours.

[0100] The results here mirror those shown in FIG. 19.
Labelling can be quantified: For the His-tagged protein,
~33% was converted to the clicked form, using either the 10-
or 20-kD click reagents. The major form of the product is a
+2 adduct, with a shift of 20 and 40 kD respectively.

[0101] Thus, with both clicked on fluorescence (FIG. 19)
and DBCO-PEG reagents (FIG. 20), a His-tag on the protein
increases labeling.
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SEQUENCE LISTING

Sequence total quantity: 1

SEQ ID NO: 1 moltype = AA 1length = 450

FEATURE Location/Qualifiers
source 1..450
mol type = protein
organism = Synthetic construct

SEQUENCE: 1

EVQLVESGGG LVQPGGSLRL SCAASGFNIK DTYIHWVRQA PGKGLEWVAR
ADSVKGRFTI SADTSKNTAY LQMNSLRAED TAVYYCSRWG GDGFYAMDYW
ASTKGPSVFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKKVEP KSCDKTHTCP
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA
STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ
LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY

QQOGNVFSCSV MHEALHNHYT QKSLSLSPGK

IYPTNGYTRY 60
GQGTLVTVSS 120
HTFPAVLQSS 180
PCPAPELLGG 240
KTKPREEQYN 300
VYTLPPSRDE 360
SKLTVDKSRW 420
450

What is claimed is:

1. A method of modifying a biomolecule, the method
comprising;

attaching an azide moiety to a biomolecule by contacting

the biomolecule in a solution with an azide and a
copper-containing reagent, and in the absence of added
oxidizing agent, for a time wherein at least one azide
moiety is covalently bonded to the biomolecule to yield
an azidylated biomolecule.

2. The method of claim 1, wherein the copper-containing
reagent comprises copper(l).

3. The method of claim 1, wherein the copper-containing
reagent comprises copper(ll), and the solution comprises a
reductant to generate copper(l) ions from copper(Il).

4. The method of claim 1, wherein the solution comprises
a ligand to coordinate copper ions.

5. The method of claim 1, wherein the biomolecule is a
protein.

6. The method of claim 5, wherein the protein is selected
from the group consisting of an intracellular protein, a
membrane-bound protein, a circulating protein, and an anti-
body.

7. The method of claim 1, wherein the biomolecule is a
nucleic acid polymer.

8. The method of claim 7, wherein the nucleic acid
polymer is a DNA polymer.

9. The method of claim 7, wherein the nucleic acid
polymer is a RNA polymer.

10. The method of claim 1, comprising contacting the
biomolecule with the azide for 1 second to 48 hours.

11. The method of claim 1, further comprising reacting the
azidylated biomolecule with a reagent comprising an alkyne.

12. The method of claim 11, wherein the alkyne is a
terminal alkyne.

13. The method of claim 11, wherein the alkyne is an
internal alkyne.
14. The method of claim 11, wherein the reagent com-
prising an alkyne is a cyclic alkyne.
15. The method of claim 11, wherein the reaction with the
alkyne is a copper-catalyzed azide-alkyne cycloaddition
(“CuAAC”) reaction.
16. The method of claim 11, wherein the reaction with the
alkyne is a strain-promoted alkyne-azide cycloaddition
(“SPAAC”) reaction.
17. A method of modifying a biomolecule, the method
comprising:
attaching an azide moiety to a biomolecule by contacting
the biomolecule in a solution with an azide and a
copper-containing reagent, for a time wherein at least
one azide moiety is covalently bonded to the biomol-
ecule to yield an azidylated biomolecule; and

reacting the azidylated biomolecule with a reagent com-
prising an alkyne.

18. The method of claim 17, wherein the alkyne is a
terminal alkyne.

19. The method of claim 17, wherein the alkyne is an
internal alkyne.

20. The method of claim 17, wherein the reagent com-
prising an alkyne is a cyclic alkyne.

21. The method of claim 17, wherein the reaction with the
alkyne is a copper-catalyzed azide-alkyne cycloaddition
(“CuAAC”) reaction.

22. The method of claim 17. wherein the reaction with the
alkyne is a strain-promoted alkyne-azide cycloaddition
(“SPAAC”) reaction.



