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Fluorescence labeling of proteins has become a central tool in a) c) d)
the study of biological systems. Most labeling methods rely on
fusion of an enzyme, fluorescent protein, or peptide tag to the
protein of interest:2 Green fluorescent protein (GFP) is the most
common fusion partner for monitoring cellular interactions and v
protein localizatiors. While it is likely that GFP and its many

variants will continue to find widespread use, the size of GFP and _ngured_l- Fluolrogenic Labf_llri]nggd barstar 'ﬁd COlige"S- C?"ﬁ err”e induced
th requirement forgenctic mamiplaton ofth trget protein place 7S PISTET ) 18 Se e one e anng e
limits on its utility. Tsien and co-workers have reported a 1€SS 100, CuBr, 2004M 4, and 50uM 3. Scale bar is 5.

invasive strategy in which a tetracysteine motif is added to the
protein of interest to allow site-specific labeling by fluorogenic
bisarsenical dye3This strategy demonstrates some of the most
important traits of a useful fluorogenic label: small size, membrane
permeability, low background, and selective reactivity. For some
purposes, however, it would be desirable to circumvent the need
for genetic introduction of fluorescent reporters or labeling sites.
For example, spatially regulated protein translation is believed to
contribute to synaptic plasticity, but the products of local protein
synthesis have not yet been fully identifittive describe here an
approach that involves co-translational labeling of proteins by the
non-natural amino acids homopropargylglycine (Hpgor ethyn-
ylphenylalanine (Eth) to provide alkynyl sites for attachment of
fluorogenic dyes. The method permits fluorescence labeling of
newly synthesized proteins Bscherichia colicells by means of a
Cu(l)-catalyzed cycloaddition between the alkynyl amino acid side
chains and the dye 3-azido-7-hydroxycoumafj (

and Eth acts as a phenylalanine (Phe) analogue in strains that
overexpress appropriately designed mutant phenylalanyl-tRNA
synthetase’'?2 We show here that these two analogues allow
efficient labeling and visualization of newly synthesized proteins
in bacterial cells.

Histidine-tagged barstar was used as the model prétcdells
expressing recombinant barstar in medium containing the 20 natural
amino acids, 19 amino acids plus Hpg, or 19 amino acids plus Eth
were used for whole cell fluorescence studies wathBarstar
contains two Met sites and two Phe sites, all of which could
potentially constitute targets for dye conjugation. Auxotrophic
coli cells harboring a plasmid for inducible expression of barstar
were grown to an ORy of 1, washed twice with 0.9% NacCl, and
resuspended in medium supplemented with 19 amino acids plus 1
mM Hpg, 1.5 mM Eth, 0.75 mM Met, or 1.5 mM PR&Protein
expression was induced by addition of isopropy-thiogalacto-
pyranoside (IPTG). After 3.5 h, cells were harvested by centrifuga-

tion and washed twice with 0.9% NaCl to remove excess alkynyl
# HO 00 \N\\N amino acid. The cells were resuspended in PBS (pH 7.9), and the
J:©/ \CKIM N\_ ODgoo Was adjusted to 1. The cultures were divided into 5 mL
Ph aliquots and supplemented with BM 3. For copper-free reactions,
3 there was no further supplementation. For reaction with GuSO
3 4 catalyst, the aliquots were supplemented with 208 CuSQ,
200 uM 4, and 400uM TCEP¢ For reaction with CuBr catalyst,
the aliquots were supplemented with 100 CuBr and 200uM

|
HN™ “COOH H,N” ~COOH
1 2

The azide-alkyne cycloaddition has been used in many biocon-
jugation reactions, including identification of enzyme inhibitors, 47 Labeling reactions were allowed to proceed for-1% h at

labeling of theE. coli cell surface, profiling of enzyme activities, 4 °C. Cells were harvested by centrifugation, washed twice, and
and labeling of glycoproteins on the surface of mammalian &€fls. resuspended in 5 mL of PBS (pH 7.9)

Recently, the azidealkyne cycloaddition has been used to activate
weakly fluorescent coumarins to give intensely fluorescent triazole

product_s‘% Deswabl_e features 08’_ as well as other quen_ghed (Figure 1a,b). We examined the fluorescence of individual cells
coumarin probes, include small size, membrane permeability, and by confocal microscopy; images were obtained by overlaying a
intense fluorescence upon activation. The azido functionaliy of 4/ occance image (excitation at 800 nm with a two-photon laser)
Is essentially “bioorthogonal’_’ and aIIows:_ selective_ in V_iVO labeling 5,4 5 gifferential interference contrast image. Cells lying out of
only when the alkynyl coupling partner is acce55|ble. in the.J@eII. the plane of focus did not appear fluorescent. In the plane of focus,
F_’rewous work has _demonstrat_ed that a”fyr‘Y' amino acids €an however, punctate fluorescence was observed, presumably where
be incorporated easily into recombinant proteins in a residue-Specific . star was localized in inclusion bodies (vide infra). No fluorescent

manne_r.thg sedr_vf_es _effecftl\:]ely as Ia metr:lonlnﬁ_ (Met)fs#rrzgate cells were observed in experiments in which barstar was expressed
even without modification of the translational machinery of the host, in media supplemented with 19 amino acids plus Met or Phe (Figure

 California Institute of Technology 1c,d) or in control reactions run in the absence of Cu(l) (data not
* University of South Carolina. shown). Although uncatalyzed azidalkyne reactions proceed

Strong fluorescence enhancement was observed only in cells
containing alkynyl-barstar reacted overnight with Cu(l) add

14150 = J. AM. CHEM. SOC. 2005, 127, 14150—14151 10.1021/ja054643w CCC: $30.25 © 2005 American Chemical Society
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Figure 2. Fluorescence of induceH. coli cells after reaction witl3.
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The punctate fluorescence shown in Figure 1 suggests that the
labeled protein is localized predominantly in inclusion bodies. Cells
from cultures supplemented with Eth or Hpg were labeled &jth
and inclusion bodies were isolated and subjected to gel electro-
phoresis. Fluorescence imaging of the resulting gel was fully
consistent with predominant dye-labeling of barstar in the insoluble
fraction.

The results reported here demonstrate the utility of the Cu(l)-
catalyzed azidealkyne cycloaddition to effect selective fluores-
cence labeling of newly synthesized proteins in bacterial cells. The
method exploits the natural scarcity of alkynes and azides in the
cellular milieu, and offers a complement to current approaches that
require genetic manipulation in order to ensurespecific labeling.

Fluorescence was also measured for uninduced cells in media supplemented®Usceptibility to labeling is determined not by the identity of the

with tetracycline (tet).

protein, but rather by the extent to which it was translated during
the “pulse” of the alkynyl amino acid. The method is operationally

: Phe 1 Eth 5 T3 Met I Epg 51 similar to conventional pulse-labeling wit#S-methionine, but

<§ & % 5 ‘E & % g uog_ s o 8 vog, avoids the technical challenges of high-resolution autoradiogr&phy.

e B T We are currently studying the labeling of alkynyl amino acid side
s, i = - i —= . . chains in proteins expressed in mammalian cells.
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Figure 3. Polyacrylamide gel electrophoresis of proteins labeled ®ith
Samples were imaged under UV illumination (bottom) before staining with
Coomassie blue (top). Barstar appears-a® kDa ). Bacterial lysates
were from cultures supplemented with (a) Phe or Eth; (b) Met or Hpg.
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cells allowed us to determine the extent of fluorescence enhance-References

ment. After washing and resuspension, cells were excited at 395
nm and emission was monitored from 450 to 500 nm. Significant
enhancement of the emission at 470 nm was observed only for cells
treated with Hpg or Eth and labeled overnight wahand Cu(l)
(Figure 2). To calculate the extent of enhancement, fluorescence
from cells expressed in medium supplemented with 19 amino acids
and an alkynyl amino acid was compared to background fluores-
cence from similarly treated cells grown in media supplemented
with 19 amino acids and Met or Phe. Cells treated with Hpg and
then ligated with3 and CuSQ gave an 8.4-fold enhancement in
emission intensity; ligation with CuBr gave a 10.1-fold enhance-
ment. The corresponding enhancements for cells treated with Eth
were 9.4- and 14.1-fold, respectively. Addition of tetracycline as
an inhibitor of protein synthesis reduced the fluorescence emission
to levels slightly above background.

To verify that labeling occurred selectively on newly synthesized
proteins (i.e., primarily on barstar), we performed gel electrophoresis
on crude bacterial lysates (Figure 3). Under UV illumination, the
most intensely fluorescent band was that of barstar, although low
levels of labeling were observed in other proteins, consistent with
predominant, but not exclusive, expression of barstar following
induction by IPTG. Fluorescence was detectable only in samples
that were treated witB and a Cu(l) catalyst, confirming that Cu(l)
was required for in vivo labeling. Lysates from cultures prepared
in media supplemented with 19 amino acids plus Phe or Met lacked
detectable fluorescence.
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