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proteins via using stop codons. GCE may achieve site-specific labeling of proteins in combination with
the click reaction. Compared with other labeling tools such as fluorescent proteins and tagged
antibodies, the compound molecules used in protein labeling by GCE technology are smaller, and
therefore, may less interfere the conformational structure of proteins. In addition, through click reaction,
GCE allows a 1:1 stoichiometric ratio of the target protein molecule and the fluorescent dye, and the
protein can be quantified based on the fluorescence intensity. Thus, GCE technology has great
advantages in the researches that require the exposition of living cells under high laser power for longer
time, for example, in the context of single molecule tracing and super-resolution microscopic imaging.
Meanwhile, this technology lays the foundation for improving the accuracy of positioning and molecule

counting in the imaging process of living cells. This review summarized the GCE technology and its

recent applications in functionally characterizing, labeling and imaging of proteins.
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RILTbRIC S RN EEA 3 2 (K 2A):
(1) I AR i i () 396 i SR JR B - B] JR A 2 o
B (strain-promoted inverse-electron-demand Diels-
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5 HAbE AR AR, GCE fric4
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1 GCE HAWEREZ KA
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IEAZ #F &2 480 (orthogonal translation system,
OTS). OTS W IEACTERI A : OTS HH i) tRNA
aaRS 2170 A 23 5 M S5 A A AT fu] — 288 Py U 1
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o ®
®e
¥4 el .
> ’ e (-) competitive binding
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- Full length protein
Ribosome with an UAA
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The principle of genetic code expansion. UAA: unnatural amino acid. EF: elongation factor. RF:
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PEATE SRAR  FF PR BB 5 H Y UAA RAF4
B AR Sl A TR 215 3 ko
PR OTS, 1RIF UAA 5IEAS tRNA HI45 4,

EREBBA UAA & AR T LR
3 F AR AR e AL 48 2 RS OTS
ORIk B A | 19R aaRS I TAESCR . Ak IESE
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green fluorescent protein, EGFP) A4 A,
AR D BETE PRV ORI T 7 A B e 5 1 IR 1Y
UEGHE (acid-brightening fluorescent protein,
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Al A B B A B A B SR O, TEAE
pH {E & TAE 3 pH (H450F T UL AL &
a0 N 1 5 O X (B %S YA PN 78 o=t

B<: cjb@im.ac.cn

623




624

ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech
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SIBUN /ot - = P < 52 A B SN i b WL -
AT YA R R X RN SR [ AR S T A
PG, WL B AN UAA BT 26 HE I
PIERE BN RE . B N2 E F 2, Wl
DECUR IR T 2 kPR, Blanxt 2R O
[Al A B 1% %5 . B, Roman-Arocho %5 H4H:E
UAA BRIOSCE A E AR TR Tyre6 kAL, bt
il B TPOUE A L By, PR T X
AT fE o AP

Wt GCE HARBGEE AT, A Fig#at
MiE UAA EAE POk SCEL DI BE el AE . 12
A BT 150 ZF0 UAA AT #8 A B & 1 kPl
XFikde UAA M6k A E A7 oo, ARAS 2%
ARIThRER) UAA I F & F08 I Re i I
K, C& RN TEE N RAY IR | PR
W BER T 25 Wk A Uy T 1y h

22 11,24
A4

3 GCE H{AREEARFRLRETH
Ji F

5T GCE HARMPRCTT LT S T X 4%
PO A B A R (RLAR VR RER . TR L i
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WK (GEGeRZ) 0.5 nm, R 2 4.2 nm,
PEAART 10 nm) (2B SefaE vk E
2, Wik, IFANEEENMCIRE . 2OtYYk
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g, BRAh TR o T GCE iR MZO BRI
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PB4 G UAA), MIMREB T RIERIE R
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TEM B AL S AL T B MY Env 72 1E#H
Wid B AR (fluorescence recovery after
photo bleaching, FRAP) F AR & ) Env [ 4 if]
PR IR R [FIEHMb AT A, S5%ehiH
GREDC T IE IR 5 A T, GCE FRic 7 ikidx

= %N, /N

/\>‘x» *
<\ Dye 0.5 nm

CuAAC _
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SPACC >

Protein

UAAQ *<\ />

SPIEDAC N—N

Protein

& 2 GCE fricHEES

o

KPR b9/ T F &SI 5T o 5 R ) 3 % 2 1
T gt
3.2 GCE EARTFEBHRFIEHE
3.2.1 GCE HBAR5B5PRBHIXARE
=8¢

HT GCE £ AR LR, (o8 138
W 5 o P A BB R 0 g5 H Ot R B
(structured illumination microscopy, SIM), H.43
FrENL (single molecule localization microscopy,
SMLM) FIBEHLG~ A A (stochastic optical
reconstruction microscopy, STORM) ., STED & 1%
RERAE N, BRI T ARic B2 6om B
e oy g 2030

Schvartz % &, 7& GCE $ AR CHE &
FIAY SIM SAZ H , m] LA BEAHRR BE 25/ T 100 nm
By £F4EB2 (B 3A), Serfling %5:{§i Fil GCE 454
R IR R R K BRSO AR IC G B S
WAz R LB, GCE fnid 52Ot E Atmid AR
PEICAT T A A MM SR L, R R

Fluorecent protein 4.2 nm

A -

N/N Fluorecent antibody >10.0 nm

A: GCE fi RFFFM s s 2685 B: 9EERric K/

Figure 2 The characteristic of click chemistry GCE labeling. (A) The type of click reactions used in GCE.

(B) The scale of fluorescent labeling.
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TR HOR I B Y BRI SRR SE R R
GCE tRicHAR AT T OOt Absic 2 H
KEAY HER, Neubert %4 UAA 5] A
N-H JE-D- R A& H R Z & (N-methyl-D-aspartate
receptor, NMDAR), ff STORM A% % ¥, GCE
PRIC T AR M PEOL R BE B S T OO A AR I
HESE T GCE #ric FI T 2 (1 BUG i ACR 3 AEDY
(¥ 3B).

FIRBFFEA R SR, S GCE $0RA
TH BB Hi ey i o PR3 0 GURUR 1Y 20 38, [l
PRUEFE 3458 T X PR ICRCR; 10 1 /)
ezttt oA, o 3 AR AR b Y E L
R TIHBEOE T R AR

A

SIM SiR-Tet

Intensity (AU)

322 GCE EARSRAERIREEEB RS
RYEX & A

DG IYRREE S (fluorescence resonance
energy transfer, FRET) J&¥8 W ~5¢ 6 & 63k ]
TE R TI, BHA TRl — &SR B 7
JE W OR BN R RS, PRI T R B
AHT, A EER, SCET R AR
IR Z RS T5688 (D & AR e LR )P,
Horp, kA fe A AT Z R B T FRET
Xfo il GCE AR AK UAA 42 A% FRET Xt
W, 59O E AR HET ) FRET &40 il U0 Park
SR T O Hsp70-YFP @G E B AT
ANAP (—Fh2¢ UAA) ) Bax 2 14019 FRET

B Basal

Y392TAG-NR1
H-tet-Cy5

Y392TAG-NR1
Anti-NR1 Ab

0.00.1020304050607080.9 1.0

Distance (um)

3 GCE RASBAHRBMIAKSE N A LM

Figure 3 Examples of the application of GCE technology and super-resolution microscopy. (A) SIM
imaging of UAA-tubulin labeled with SiR-Tet. Scale bar, 10 pmm]. i) Enlarged image of the red rectangle in
the SIM image. ii) Intensity profile drawn between the arrows in enlarged image i. Scale bar=1 um. (B)
STORM image of UAA-NMDAR in basal regions of the cell®*!. Bioorthogonal click-labeling with H-tet-Cy5
in NMDAR (upper panel). Antibody labeling with antibody anti-NR1 and Alexa Fluor 647 as secondary antibody
was performed (lower panel). The lower triangle in the upper left panel shows a diffraction-limited wide-field
image. Scale bar: 2.5 um (overview images) and 0.5 um (enlarged images i and ii). NR1: NMDAR subunit.
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XF, R5E Bax fEM T-d FErp N5 Hsp70 95 &
Py b s i R R Y, FRET 2R 48 AT LASZ s W
MBIz s A EAE R, (HIRZF FRET X
AR E AT & MIEE. KL, Jones 55X
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(methoxycoumarin maleimide, Mcm-Mal) FIHY
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[ A9 4332 Bl B 43 18] (4 AR 1A RO

HHL FRET fiARHZOGE T . 5OLRFN
KW AR RREE, AL TIMEASW . ¥
W ZHEE; [, o RPRIC s+ H & E 8
BN, ol FRET I &3 1 Ao e D
1M Mcm-Mal #1 Acd 535 RIR IR K/ NEEA
— &, S T HBE AR TR, [Fe,
Mem W IOETEIEE S Acd WO 5/ ME
A, T Acd WHIEEM L, ST
FRET fAFHEN & . K, Mem/Acd X2 —4>
B OMIEEM FRET X iZ M H# KBS A B T GCE
HARBHT FRET R agi . @l ekid
UAA fUEEREH], (R0, i oo
B N B v B A v o 1 = o N 7 < 11 1
EHEARBAWILAL S, UAA <578 FRET
RGBT Z R, BSOS B N B
DAL . MR ERII5T, DL HAD
1 A ELAE AL oAl S ) o T B
5TH.,
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3.2.3 GCE M E#RriC KR

Br T A UAA 7 S pric ipric oy
A, AR T A A S T K R Y
GCE XA bricseng, nl LLSE B[R i FRic 7] — 20
ML B AR o

2018 4, Saal 55 Jedli i 7 AOARIC RS
TEHZ 5K FD UAA 4 2B A4 Hh i R
[ H AR A b, SRS KO 1Y £ B ) i
W 20 M R, S IR A0 Y RS STED 15!
(1 4A). fH 1 F3Z07 2k B LR A BR T 72 1] 7 20
LA R R AL P A BN DL A A
SIS PR SZ BB . 4T, A LSS AT BA
ARARFRTE T B2 L AL BR T 8 7 5 o AT TR
FAPI RN 5 G R HEAS [ B9 Tet-2 56 4 BL X ] —
UAA JEA7 524 PEbric , M B 10O LR Ak
% (single molecular fluorescence resonance
energy transfer, smFRET) W& & 4 H A Y
A5 T7 =) I A AR i B . BRT, %
R EHUE T A SR e

Meineke %5 FF 8] 7 5 T W £ H B 1FE 5K HY
GCE ik JeARic R 2 AT AR 10 1 20 i A ) —
B A LS BB bRie ik (Bl 4B). R
HARAL P4l aaRS/ARNA 1E 5S4, 43 5135 51 5%
S T (S T (UAA), AR 2 5 il 1]
S -FR-2- 4 - 2 R (axial trans-cyclooct-2-
ene-Llysine, TCO*K) Fl N-H [N 3 -L-Hi 2 12
(N-propargyl-L-lysine, ProK), TCO*K i 1
SPIEDAC s i 5 W Bl P & -5 5t e kL bR i
ProK i i CuAAC xi ol [ 8 B R - DO Y
Pric.

XLTG SC 7 5 = 1 B B 4 o BB T K A%
e (1) PIZRIESURRS T4 A TR OTS Hi
IEAEHE; (2) & OTS ZIMHIERS ., Hrr,
aaRS 7575 UAA Fi ], (RNA 7157 50
SCERS RG], I aaRS 5 tRNA ZJd]
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°
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Fusion °
[ ]
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°

B

LT R T LT

Gene of interest

TAG TAAHH

Cytoplasma

Protein of interest

Fluorecent dye-azide

Fluorecent dye-terazine
UAA 1
UAA2
Orthogonal aaRS/tRNA

Gene of interest 1

O o 3

Gene of interest 2
Protein of interest 1
Protein of interest 2

Y Fluorecent dye-azide
Y Fluorecent dye-terazine

ProK
e TCO*K
5 2aRS/tRNA 1

) 2aRS/RNA2

*
&k “SPIEDAC

B4 GCE W&FRIiC/RIE  A: Saal K HBAE IR EERIC J¥:; B: Meineke B 1 BAZE T 19 AR

Wk

Figure 4 The principle of GCE dual-color labeling. (A) The dual-color labeling method established by Saal
K team. (B) The dual-color labeling method established by Meineke B team.

PIME AL R T 285 B 5 o R g2
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FRICH 4 TF57  Meineke %5 7 61 € bR 0 5 s
FIE T AR e R R, /R T HE 5S4l
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107 N X AR
33 FIFH GCE AR AXAXIRTITE
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T GCE HARXS & M 8y B Fn id HOmt T
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REAERER R T i R RE PR UEZRIA 1 [R] B SO
THEAIEER UAA &, HAEFEXHWE
F AT R VB Y S8 A8 6 A T S 0 . ALk,
Segal %545 FI 11—~ GCE #54&, i U E%
MM#%EE (hemagglutinin, HA) FAAE AE 2204k
WA 14 DEREEM N Ruainss, % UAA BA
FhRas C bl 8 BRI A0 PN AS R 254 B 2
(b5, COFE AU . S BRIA . ok AL R R
A, IEBH T 31X~ GCE #r%5FH Fhric izl oh
VG A AR e B, AR AR R AT AT

I B RACAAE T W T VB 8 L s
e A BR , W L GCE bra&bnic 4 i 2 1 ik
TG, 54 TR Z )R] S 4 5 AR .
AT HAMAR BT F, GCE g it —
AR 2 A5 B T4 . {H GCE 734 Hfigi%
AR N I, XL TAnic R ENE, PR
il TR AR E . FIt, GCE tRZExt
TR B A8 R B SO K X AR )
AE DX B BUR BUE 5T 5 TR AN R — i BRI R
332 W UAA B EERERRSENEE

B T A7 19 GCE wnshnic & H i 4h,
Y HTRAA WEIEE R R E I RE UAA B3RS IA
EEE FUB IR FL AL 0T, #4 B8 R SRk
T AR TT K, 1y B L8 AL s vt
A= W P A B P 0 S A ARG R i B A0,

Roman-Arocho “F4& T X198 F A4 64
PR R4 - 24P, IRt T UAA 56E
PRI DO A M AR T HEA W
R A AL A Ser65-Tyr66-Gly67, HH Tyr66 2
ER T (WL REMEFb 2B RS

&: 010-64807509

Z AL T & B9 24 Tyr66 B3t
1, WTE kAR AL, 4RI RRIE B OGS
AR B 27, e A T30 T 9O HR AE# F UAA
B Tyre6, il ER B F-Hhe, A @1 Joik &k
G, B A A B OR3P SR L SR T, 75 UAA
55 A ) 8 F 2 () R AR R RN S L TR
By B 7, A E gk & B, Bl
A A AR R M, XSGR
THH WS B T 1ok 25 155/ o A A
55 5 A 242,

GCE ¥R 5596 EAML S, NN
S B S TR AL SRR A I 3% A /N oA
RAETH WM TH, Wy R T 2R LR
FEVR IS BT BEAG N A 43 M F 2 ke
Ot AR SR 1 BT R B T AR AR R s
L, UAA Brffe 74 A B sk aR 3L Tyre6, BH
1B T ERTE B, X ACAE T 26 ER MLk
B, FEEOEMITE R . A2 UAA 5609 &
RN, A A S R AR R, Ak A B
PGP, AT UAA B9 AR IR R
FERIF G 40 M b B - 3 s B L O T AT
TETE B AN H (R AL B A AEA /2, UAA
BAKFEEARD, 0] g2 5 200 A6 i o 72
FLE R R DIAEF R 9O6E AR, Tk
W AERRYE . BRI, FEZGHE MR RS i Tt
A, BRI UAA B ARCE,

4 REHRZE

YR, FEE ARG . JIRE KA LS
W7 . MNARIC R SETT TR, GCE HORE A N
M, B A o1 e o Z el A ELAR
MBRERAD TR T IR FB . GCE iR
SRR TR | ERBORRE N,
SAENTEE AR INGE . AR R IIRE . BT
POCIRET . WF AR 5 1 2 SUs B I T 1 B
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it b, UAA A LIRS 3108 5 A AT
PLE, 9OEYe R 5 UAA KA s O B aT 523
X B IIARIC o SR SEPR |, 78 GCE #AR J
IO B A — A BRI R IR A K o Y ) R
P, b, BT UAA B AR AR HEN
AN, RV & TR AR AR R b A S
[ e N L= {1 SO 0 B e 1 T 57 S [TAZ N
Wit Ak OTS, Wil 87 A9 1IE A8 5T, $2 /5 aaRS/tRNA
IE SRR R Rk R G0 e B Rk R Y IE
Sk, REHSRBRGENBERNFRREE
MIRET] . [FIEE, BFTILIL UAA, ASWToc il 4
SRR, R HS (RNA 455 MEE 1%,
MARA F itk UAA B ABCRIRT BRI, 1
H, fEbRcSEkd, AEEAN TIr&5 3
A UAA 45 52O YR & A OV T BE T, AT
T ELOR B BT Y . A REE TIRER UAA.
REMAAERRSHEARE, HHEHEARGR
Wik it 5 58 3% , GCE #AK & & 8H A Y fg
TG AN AR IS R 5 K T L
i RMARAMAGEER FWEI LB KL
B/A.
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