
 1 

Precise installation of diazo-tagged side-chains on proteins to enable 
in vitro and in-cell site-specific labelling 
Barbara Bernardim,1,* Lavinia Dunsmore,1 He Li,1 Brad Hocking,1 Reyes Nuñez-Franco,2 Claudio D. Navo,2 Gon-
zalo Jiménez-Osés,2 Antonio C. B. Burtoloso,3,* and Gonçalo J. L. Bernardes1,4* 

1 Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW, UK 
2 Computational Chemistry Lab, CIC bioGUNE-BRTA, Derio, Bizkaia, 48160, Spain 
3  Instituto de Química de São Carlos, Universidade de São Paulo, Av. Joao Dagnone, 1100, CEP 13563-120, São Carlos, SP, Brazil 
4 Instituto de Medicina Molecular, Faculdade de Medicina, Universidade de Lisboa, Avenida Professor Egas Moniz, 1649-028, Lisboa, 
Portugal 

ABSTRACT: The chemistry of diazocompounds has generated a huge breadth of applications in the field of organic synthesis.  Their versatility 
combined with their tuneable reactivity, stability and chemoselectivity makes diazo compounds desirable reagents for chemical biologists. Here, 
we describe a method for the precise installation of diazo-handles on proteins and antibodies in a mild and specific approach. Subsequent 1,3-
cycloaddition reactions with strained alkynes enable both bioimaging through an in-cell ‘click’ reaction and probing of the cysteine proteome 
in cell lysates. The selectivity and efficiency of these processes makes these suitable reagents for chemical biology studies. 

Diazo-containing natural products have been shown to exhibit anti-
tumor and antimicrobial activities at nanomolar–picomolar concen-
trations, which makes diazo compounds valuable from a biological 
perspective.1,2 Already, diazo compounds have been used to investi-
gate mechanisms of DNA cleavage in vitro,3,4 in which the diazo moi-
ety is likely the active pharmacophore directly involved in the dam-
age pathway.5,6 Some natural diazo-amino acids isolated from Strep-
tomyces cultures have also found application in medicine. Indeed, the 
broadly active glutamine antagonist 6-diazo-5-oxo-L-norleucine en-
tered early phase I/II clinical trials based on its activity against carci-
nomas, lymphomas and Hodgkin’s disease.7  
Although commonly observed in small natural products derived 
from microorganisms, the diazo moiety is non-existent in higher or-
ganisms. This feature enables their use as bioorthogonal probes.8 
The number of functional groups with biocompatibility as chemical 
reporters is still limited. In this context, azido groups are dominant 
and widely used in chemical biology because of their chemical stabil-
ity and excellent reactivity with strained alkynes9 and non-strained 
alkynes when catalysed by copper.10,11 Similarly to azides, the diazo 
group can undergo uncatalysed Huisgen addition reactions with un-
strained dipolarophiles, such as terminal alkenes and alkynes.12 The 
diazo group has even better characteristics than those of analogous 
azido groups, such as improved kinetics for cycloaddition reactions13 
and a greater range of reactivity in a variety of thermal, photochemi-
cal and metal-catalysed reactions. Insertion of diazocarbonyl com-
pounds into C–H and X–H (X = N, O, S, P, Se) bonds, cyclopropa-
nation reactions, dipolar cycloaddition reactions, ylide formation, al-
kylations, ring expansions and the Wolff rearrangement are exam-
ples of these transformations.14,15 In fact, functional groups that per-
form as broad as range of different reactions as diazo groups are rel-
atively rare. Moreover, the diazo group is more electron-rich and has 
an increased HOMO energy relative to the analogous azido, which 
displays superior reactivity in normal-electron-demand cycloaddi-
tion reactions with electron-deficient dipolarophiles.16 However, 

and as reported by Reines et al. diazoketones, diazoesters and di-
azoamides are electron-deficient dipoles and, therefore, tipically un-
dergo inverse-electron demand cycloadditions.13 Lastly, the toler-
ance of stabilised diazo groups towards cellular metabolism is also 
similar to that of azido groups.17 
The earliest application of diazo reagents for covalent modification 
of proteins was the direct esterification of carboxylic acids. Diazome-
thane and stabilised compounds such as a-diazoacetamides were 
used to label different proteins and nucleic acids to study their struc-
tural and functional aspects.8,18 New applications of diazo com-
pounds in chemical biology aim to use their unique reactivity to ac-
cess ligations between biomolecules that cannot be obtained 
through other approaches. For this, a robust and site-precise method 
for the installation of diazo groups on proteins and antibodies sur-
faces still requires development. So far, there are two non-specific re-
agents described for this purpose (Fig. 1a). 
The diazoacylating reagent 1 (Fig. 1a) was first reported in 1993 by 
Badet and co-workers based on N-hydroxysuccinimide (NHS) es-
ters.19 This reagent was later used to modify several small molecules 
and biomolecules, which included bovine serum albumin.20 Leeper 
and co-workers reacted a-diazo NHS ester 1 with lysine residues on 
lysozyme (6 Lys, no free Cys, 4 disulfides).21 Following the incorpo-
ration of the diazo functionality, a fluorescein complex equipped 
with a tetramethoxydibenzocyclooctyne TMDIBO-strained cy-
clooctyne was reacted with the diazo-protein by means of a [3+2] 
cycloaddition reaction. NHS esters usually react with any exposed 
primary amine, such as the α-amino group of N-terminal amino acid 
and ɛ-amino groups of lysines present in a protein leading to hetero-
genous conjugates. More recently, Gaunt and co-workers demon-
strated the use of hypervalent iodine reagents 2 (Fig. 1a) to target 
methionine residues to install an electrophilic diazo group on pep-
tides and small proteins.22 Once incorporated into the target biomol-
ecule, the diazo handle was removed by reduction with a Hantzch 
ester to generate trialkylsulfonium motifs, as exemplified for 
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peptides and small protein thioredoxin. Although remarkable in 
terms of methionine modification, all the peptides and proteins used 
had no free Cys (Cys were previously protected with maleimides or 
were present as non-reactive disulphide bridges). Moreover, the ap-
proach uses additives such as thiourea, TEMPO, formic acid, and 
non-biological conditions that can limit the scope of therapeutic 
proteins/antibodies that can be modified. 
Our group has recently reported the design of a new class of Michael-
acceptor reagents, carbonylacrylic derivatives, that undergo very 
rapid, chemoselective thiol addition with Cys residues on proteins 
and antibodies.23,24 In an attempt to provide a robust reagent capable 
of site-selectively introducing a diazo handle on protein and antibod-
ies, we developed carbonylacrylic derivative a,b -unsaturated diazo-
ketone 3 (Fig. 1c),15 which reacts in high yields with Cys under bio-
logical conditions at near neutral pH. The afforded diazo-conjugates 
showed resistance to degradation in aqueous media and did not re-
act with natural thiols, such as glutathione (GSH), which opens op-
portunities for further bioorthogonal functionalisation in chemical 
biology. 
 

 
 
Figure 1. The development of a cysteine (Cys)-selective reagent for 
the incorporation of diazo handle on biomolecules. (a) Reagents de-
scribed for the modification of peptides and proteins (1 and 2) and 
(b) our proposed diazocarbonylacrylic reagent (3). (c) Once intro-
duced into target biomolecules, the diazo group can be tagged with 
a wide range of reactive probes. In this case, we used 1,3-dipolar cy-
cloadditions with strained alkynes. 
 
RESULTS AND DISCUSSION 
We started our work by preparing diazocarbonylacrylic reagent 3 by 
means of a Horner–Wadsworth–Emmons (HWE) olefination reac-
tion between diazophosphonate 425 and the commercially available 
aldehyde phenylglyoxal 5. Different HWE conditions and bases were 
evaluated for the formation of a,b-unsaturated diazoketone 3 (Ta-
ble S1). By using NaH25, the desired E-olefin was obtained in low to 
moderate yields (Table S1, Entries 2, 3, 6, 7 and 16). The best results 
were obtained with N,N-diisopropylethylamine (DIPEA) as base 
and lithium chloride as additive. In this case, the isolated yield was 
78% with 3:1 selectivity for the desired E isomer that can be easily 
separated by flash chromatography (Table S1, Entry 17). Im-
portantly, diazo 3 can be stored at –20 ºC for 12 months in the ab-
sence of light without degrading. Next, we evaluated the reaction be-
tween the tert-butyloxycarbonyl (Boc)/benzyloxycarbonyl (Cbz)-
protected amino acid Cys-methyl ester with stoichiometric amounts 
of diazocarbonylacrylic 3. The reaction proceeded smoothly in 
DMF and was complete in < 10 min at room temperature to give ad-
ducts 7a/7b in 90% yield. The same result was obtained with a 30% 
DMF solution in sodium phosphate buffer (NaPi pH 8.0, 50 mM) as 
solvent in a reaction open to the air (Fig. 2). The stability of the Cys-
adduct in DMF/NaPi buffer (pH 7.4 and 8.0, 50 mM) was evaluated 
by liquid chromatography-mass spectrometry (LC-MS) analysis af-
ter 24 h at room temperature. No reaction was observed after incu-
bation with 1.5 equiv. of GSH (Fig. 2c and Fig. S1a–1d). 

Importantly, this result shows the diazo group remained intact in the 
presence of reduced GSH, which corroborates previous reports in 
the literature.13 The reactivity of diazoketones 7b and 10 with 
equimolar amounts of commercially available alkyne (1R,8S,9s)-bi-
cyclo[6.1.0]non-4-yn-9-ylmethanol (8) was then confirmed (Fig. 
2d and 2e). The cycloaddition was complete after 24 h at room tem-
perature with a mixture of DMF/NaPi buffer (pH 8.0, 50 mM). Py-
razoles 9 and 11 were obtained in 70 and 99% yield, respectively. In 
the case of diazoacetophenone 10, the starting material was fully 
converted (>99%) into cycloaddition product 11 and no by-prod-
ucts were observed (Fig. 2f and Fig. S2). 
 

 
 

Figure 2. Diazocarbonylacrylic for Cys modification. (a) Prepara-
tion of a,b-unsaturated diazoketone 3 from diazophosphonate 4 
and commercially available phenylglyoxal 5. (b) Equimolar reaction 
of 3 with N-Boc-Cys-OMe 6a and N-Cbz-Cys-OMe 6b provides di-
azo thioether product 7a/7b in 90 and 88% yield, respectively, after 
10 min. (c) Stability of 7b in the presence of reduced GSH by HPLC 
after 24 h at room temperature (NaPi buffer pH 7.4, 50 mM). In this 
case, 7% of 3 and 6b is observed and no reaction of the diazo group 
with GSH was detected (analysis at pH 8 and Full details in the Fig. 
S1). (d and e) Cycloaddition reaction of 7b and 10 with strained al-
kyne 8. (f) Reaction progress from 10 to 11. RT = room tempera-
ture, Ar = Argon. 
 
This well-known enhanced reactivity of strained alkynes26 was cor-
roborated by quantum mechanical calculations (Fig. 3). Thus, the 
lower activation barriers calculated for the cycloadditions between 
strained bicyclononyne (8') and dipoles diazoacetone (7') and di-
azoacetophenone (10) (ΔG‡ = 27.0 and 26.5 kcal mol-1, respec-
tively), revealed a much higher reactivity in comparison to the same 
reaction with unstrained dimethylacetylene (A) (ΔG‡ =  41.3 and 
41.5 kcal mol-1, respectively, see SI). Analogously, cycloadditions 
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between 7’ and 10 with strained dibenzocyclooctyne (DBCO) 12’ 
(see experiments below) showed much lower calculated activation 
barriers (ΔG‡ =  25.8 and 25.9 kcal mol-1, respectively) than those for 
the reactions with linear diphenylacetylene (B) (ΔG‡ =  39.7 and 
39.0 kcal mol-1, respectively, SI). Such billion- to nearly trillion-fold 
acceleration makes the reaction to proceed at room temperature 
within 24 h, as corroborated experimentally. 
 

 
 
Figure 3. Lowest-energy structures calculated with 
PCM(H2O)/M06-2X/6-31+G(d,p) for the 1,3-dipolar cycloaddi-
tion reactions between diazo-compounds 7', and 10  with model 
strained alkynes 8' and 12'. Distances are given in angstrom (Å) and 
free energies (ΔG) in kcal mol-1. Relative kinetic rate constants (krel) 
were derived from the corresponding activation free energies (ΔG‡) 
using the Eyring equation at 298 K. 
 
Based on the calculated Frontier Molecular Orbitals (FMO, see 
ESI), diazoketones are electron-deficient reagents and undergo in-
verse-electron demand (IED) cycloadditions with either linear or 
strained alkynes. The same reactivity was previously reported for the 
cycloaddition of diazoacetophenone and strained cyclooctyne 
DIBONE.13 However, despite the LUMOdiazo-compound – HOMOalkyne 
energy gap being the smallest calculated one, the more appropriate 
symmetry of the LUMO+1 and LUMO+2 orbitals of diazoacetone 
(i.e. having bigger coefficients at the diazo carbon atom), which lead 
to effectively larger HOMO–LUMO energy gaps, suggests that di-
azoketones are ambiphilic dipoles with no clear preference for NED 
(Normal Electronic Demand) or IED (Inverse Electron Demand) 
pathways. The inadequacy of simple FMO energies to quantitatively 
predict the outcome of these strain-promoted cycloadditions is re-
flected by the fact that the ΔEIED (LUMOdiazo-compound – HOMOalkyne) 
energy gaps calculated for the very slow reactions between 7’ and 10 
with linear diphenylacetylene (B) are smaller (ΔEIED = 156.8 and 
144.8 kcal mol-1) than those calculated for the much faster reactions 
between the same dipoles and the analogous strained alkyne 12’ 
(ΔEIED = 158.9 and 146.9 kcal mol-1). 
On the other hand, it is widely accepted that the enormous acceler-
ation observed for strain-promoted cycloadditions lies on the much 
lower energy needed to distort the strained alkynes into the geome-
try of the transition state (i.e. reduced distortion energies) compared 
to the linear alkyne analogues (SI for the calculated values).27 
After this new class of Cys-specific diazo reagents had been pre-
pared, we explored their use for bioconjugation on different proteins 
(Fig. 4a). Diazocarbonylacrylic 3 was initially evaluated for labelling 
the engineered version of ubiquitin Ub-K63C.28 This protein con-
tains a solvent-exposed Cys residue at position 63. Complete con-
version (>95%) into the expected product with 25 equiv. of 3 at 
room temperature after shaking for 3 h was confirmed by LC-MS 
analysis (Fig. 4b). With the engineered variant of the C2A domain 
of synaptotagmin-I (C2Am), a protein used as an apoptosis imaging 
agent that contains a free Cys at position 95, we found that 25 equiv. 
of 3 were sufficient to obtain full conversion (>95%) into the ex-
pected product after 1 h at room temperature (Fig. 4c). Annexin V, 

which is another apoptosis imaging agent,29 has a hindered Cys at 

position 316. The protein was converted completely into the ex-
pected product (>95%) with 50 equiv. of 3 after 1 h reaction at 37 
°C (Fig. 4d). Chemical controls that involved blocking annexin V-
Cys 316 with Ellman’s reagent prior to reaction with 3 showed com-
plete selectivity for Cys and no cross-reactivity with Lys (Fig. S13–
15). These results are in complete agreement with the previous data 
obtained for carbonylacrylic reagents.23 In the case of an engineered 
human albumin variant V0354, a protein used for drug delivery ap-
plications,30,31 5 equivalents were used to obtain full conversion into 
the expected product after 2 h at room temperature (Fig 3e). These 
results indicate that the required amount of 3 is dependent on the 
reactivity, chemical microenvironment and local availability of the 
Cys residues). The Cys-selectivity of diazocarbonylacrylic reagent 3 
was corroborated for C2Am by using trypsin digestion followed by 
peptide mapping with mass spectrometry (Fig. 4f and Fig. S16). In 
addition, circular dichroism (CD) analysis of albumin and modified 
albumin-3 showed no alterations in the secondary structural content 
(Fig. 4g and Fig. S17), which reflects the mildness and efficiency of 
the conjugation process (for CD analysis of C2Am and C2Am-3, see 
Fig. S18). 
Once introduced into target biomolecules, the diazo group was con-
firmed by using highly selective strain-promoted [3+2] cycloaddi-
tion reactions (Fig. 5a). Depending on the protein, 100–700 equiv. 
of strained alkyne (1R,8S,9s)-bicyclo[6.1.0]non-4-yn-9-ylmethanol 
(8) was applied. Full conversion into the expected pyrazole was ob-
served after 3–18 h. In the case of diazo-ubiquitin, 700 equiv. of 8 
was used and the reaction was complete after 18 h at room tempera-
ture in sodium phosphate buffer, pH 8.0, 50 mM (Fig. 5b). The same 
conditions were applied to C2Am to obtain >95% conversion after 
reaction for 6 h (Fig. 5c). Diazo-Annexin V can be fully converted 
with a reduced amount of 8 (100 equiv.) after reaction for 18 h at 
room temperature (Fig. 5d). With 700 equiv., full conversion of an-
nexin V can be obtained after just 3 h (Fig. S23). For albumin, the 
best conditions were 100 equivalents and 18 h at room temperature. 
It is important to mention that all of these reactions can be done in 
one pot, which obviates the need to purify the diazo-protein before 
cycloaddition with the cyclooctyne. For instance, C2Am can be first 
reduced with TCEP (20 equiv., RT, 30 min,), conjugated with 3 (25 
equiv., RT, 1–2 h,) and then reacted with cyclootyne 8 (700 equiv., 
RT, 18 h) without any purification step (the same results were ob-
tained by purifying each step with a spin desalting column or buffer 
exchange columns).  
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Figure 4. Protein scope for Cys bioconjugation. (a) Schematic of 
the reaction of Cys-tagged proteins with 3. (b–e) Electrospray ioni-
zation (SI)-MS spectra of conjugates (b) ubiquitin-3, (c) C2Am-3 
(d) annexin V-3 and (e) albumin-3. Full spectra and details are pre-
sented in the SI. (f) MS/MS spectrum of the m/z 583.27 doubly 
charged ion of tryptic peptide YPYCELGGK, which contains the di-
azo modification at the Cys residue 95 on C2Am. (g) CD of albumin 
and albumin-3. 
 

 
 
Figure 5. Confirming the diazo on protein. (a) Schematic of the cy-
cloaddition reaction with 8 (b–e) ESI-MS spectra of conjugates (b) 
ubiquitin-8 (700 equiv., 18 h), (c) C2Am-8 (700 equiv., 6 h) (d) 
Annexin V-8 (100 equiv., 18 h or 700 equiv., 3 h) and (e) Albumin-
8 (100 equiv., 18 h). Full spectra and details are presented in Fig. 
S19–23.  
 
Encouraged by the simplicity of the method and the stability of the 
protein diazo-conjugates, we evaluated the potential application of 
diazocarbonylacrylic reagent 3 to modify Cys-tagged antibodies, 
specifically the smaller recombinant fragment nanobody 2Rb17c, an 
internalising antibody with one engineered Cys targeting the Her2 
antigen.32 Initial treatment with TCEP (20–50 equiv., 1 h, room tem-
perature) afforded the free surface-exposed Cys at position 17 (Fig. 
5a) in >95% conversion. Complete conversion into the Cys-tagged 
diazo-nanobody was then obtained with 10 equiv. of 3 after 3 h at 

room temperature in sodium phosphate buffer (pH 8.0, 50 mM 
NaPi) in a reaction open to the air (Fig. 6a). Deconvoluted mass 
spectra of the site-selectively modified antibody is shown in Fig. 6b 
and Fig. S25, and indicates the starting material was fully consumed, 
and a new diazo-product was formed with a precisely installed mod-
ification at the intended Cys residue. The diazo group showed total 
stability in sodium phosphate buffer after incubation with human 
plasma for 24 h at room temperature (Fig. S26). Importantly, the di-
azo-nanobody can be stored for 4 months at –20 ºC without degrad-
ing (Fig. S27). Next, we decided to produce fluorescently labelled 
antibodies by means of 1,3-dipolar cycloaddition reactions with 
strained alkynes. Pleasingly, the reaction proceeded to completion 
in the presence of 100 equiv. of DBCO-Cy5 click dye 12 after 18 h 
at room temperature to give a well-defined, fluorescently labelled an-
tibody conjugate (Fig. 6c and 6d). SDS-PAGE analysis of the native 
and fluorescent nanobody-Cy5 conjugate is described in Fig. S28. 
 

 
 
Figure 6. Production of diazo-antibodies for click chemistry. 
(a) ESI ionization-MS spectra of diazo-conjugate. Full spectra and 
details are presented in the SI. (c) Diazo-nanobody 1,3-dipolar cy-
cloaddition reaction with DBCO-Cy5. (d) ESI-MS spectra of fluo-
rescent nanobody-conjugate that shows all the starting material was 
converted into the expected pyrazole product. 
 
Next, we decided to demonstrate the utility of our diazo-nanobody 
conjugate for bioimaging by means of an in-cell ‘click’ reaction (Fig. 
7). Live-cell microscopy was performed with SKBR3 cells that ex-
press high levels of HER2 receptors in contrast to MCF-7 cells that 
express low levels of this receptor as a control. The cells were initially 
treated with the diazo-nanobody for 4 h at 37 ºC followed by incu-
bation with (DBCO)-Cy5 dye for an additional 1 h at the same tem-
perature. After washout of the unbound dye, the cells were immedi-
ately imaged with a Leica SP5 inverted confocal microscope. Fluo-
rescence intensity appeared greater inside the cells pre-treated with 
2Rb17c-3 than cells treated with dye alone. The same results were 
observed when analysing the images of low-expressing MCF-7 cells; 
i.e. no fluorescence staining was detected. This experiment demon-
strates the retained capability of the modified nanobody to bind to 
the HER2 receptor and the effectiveness of the diazo group for in-
cell ‘click’ reactions in an analogous manner to the commonly used 
azide functionality. Further experiments also suggested that the click 
reaction occurred inside the cell upon nanobody internalisation 
(Fig. S29 and 30). 
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Figure 7. (a) Click imaging of HER2 targeting nanobody 2rb17c. 
(b)Confocal fluorescence images of SKBR3 cells that express high 
levels of HER2+ incubated with or without 2Rb17c-3 conjugate 
then incubated with DBCO-Cy5 12 click dye. Images show Cy5, 
Hoechst-33342 nuclear stain and merge. Scale bar: 25 µm. 
 
With the strategy validated on protein/antibody models in vitro and 
in live cells, we next evaluated the feasibility of the diazocompound 
as probe for the detection of cysteines in cell lysates. For this, we 
tested the diazoketone 3 as well as a the relatively similar diazoester 
13 for comparison (Fig. 8). The activation barriers calculated for the 
cycloadditions between model strained bicyclononyne (8') and 
DBCO (12') and methyl phenyldiazoacetate (13) (ΔG‡ = 25.6 and 
24.1 kcal mol-1, respectively), were very similar to those of the diazo-
ketones used in the previous essays, which recommended they use 
as efficient labelling reagents in proteins and cell lysates (SI).In pro-
tein level, these compounds showed equivalent kinetics (Fig. S31-
36), stability in the presence of GSH (Fig. S37-S43) and reactivity 
for cycloadditions reactions with DBCO and BCN reagents (Fig. 
S44-S49). To determine optimal labelling conditions in the lysates, 
the concentrations of probes 3 and 13 were systematically varied. 
Accordingly, HeLa cell lysates were treated with the diazo probes 3 
and 13 (5 to 50 mM) for 2 h at room temperature. Samples were 
analysed directly by SDS-PAGE and Western blotting after ligation 
of the diazo to an alkyne-tagged biotin derivative prior to SDS-
PAGE. After the incubation with the diazo probes for 2 h, the lysates 
were treated with biotin-PEG-DBCO (100 mM) and biotin-PEG-
alkyne (100 mM) in the presence or absence of CuSO4 (Fig. 8, b and 
c) for an additional 2 h. Labelling profiles were also compared vary-
ing the amount of DBCO/alkyne (5 – 100 mM), maintaining the 
amount of diazo probes 3 and 13 at 2.5 mM (Fig. 8, a and b and Fig. 
S50). These results indicate that the diazo compounds 3 and 13 are 
compatible for cycloaddition reactions in Hella lysates. The strain-
promoted cycloaddition reaction provided superior protein label-
ling efficacy in comparison with the copper catalysed alkyne control. 
Nonetheless, compound 13 was able to react with the non-strained 
alkyne in the absence of copper, providing cysteine labelling equiva-
lent to the copper catalysed reaction (Fig. 8d). 
 

 
 
Figure 8. Assessment of 3 and 13 as probes for cysteine labelling 
in HeLa cell lysates. Probes (at the desired concentration) were 
added to the lysates as solutions in DMSO before the addition of the 
cycloaddition reagent in DMSO. Probe 2 and 13 were modified with 
a biotin-containing alkyne and DBCO before SDS-PAGE in the 
presence or absence of CuSO4. Western blots were developed using 
an Alexa Fluor 555 streptavidin conjugate. (a) Assessment of diazo-
ketone 3 (2.5 mM) with DBCO-biotin (5 to 100 mM) and alkyne-
biotin (5 to 100 mM). (b) Assessment of diazoester 13 (2.5 mM) 
with DBCO-biotin (5 to 100 mM) and alkyne-biotin (5 to 100 
mM). (c) and (d) Variation in the concentration of 3 and 13 (5, 10 
and 50 mM) with fixed amounts of DBCO-biotin (100 mM), al-
kyne-biotin (100 mM), see supporting information for detailed con-
ditions and protocols.  
 
CONCLUSIONS 
In summary, we have developed a rapid and site-specific strategy for 
the installation of a diazo functionality on proteins and antibodies. 
The reaction proceeds through a thiol-Michael addition reaction of 
Cys to diazocarbonylacrylic reagent 3. We applied this mild method 
to modify various Cys-containing proteins, such as ubiquitin, C2Am, 
Annexin V and albumin variant V0354 with full conversion, and 
showed these modified proteins remained stable and retained their 
secondary structure. Antibodies, such as nanobody 2Rb17c, was also 
modified successfully. We confirmed the presence of the diazo moi-
ety through a 1,3-cycloaddition reaction with strained alkynes to 
give homogeneous conjugates in high yields. Cell microscopy stud-
ies proved the effectiveness of the diazo group for in-cell ‘click’ reac-
tions in an analogous manner to the commonly used azide function-
ality. We also showed the diazoketone 3, together with the diaz-
oester 13 can be used as probes to label cysteines in cell lysates using 
strained and non-strained alkynes. This is the first example of instal-
lation of a diazo handle on proteins and antibodies in a site-selective 
manner and, as such, provides opportunities to explore new 
biorthogonal reactions in chemical biology. 
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