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THARBEMESASEEER TEM DL, JEE 100083; PhoA. FESF AL B A E IBE AR E, JbR 100083; *H AL B ALY

TR E MO AN R A S, JEIR 100083; L AL K 2 AR MR SR 2, B3R 100083; P [ Mol BB TR, Aok
WAL H A A N seIe =, JEET 100091

WE AR MER ARSI AL, NSRRI AL AR AR K3 )2 i RS e B A ARk i A
TEAMA IR TFRIEARE T HREE MM IIRERT T, X TAIRR A EIR A iy HA BT R A HEE L. B R A ORI A T
BESL, — Z G030 41 AR 1 B AR AT AT o 4R 5K, Halo-taghs i F AR B i & & s —Fi 12 N I8 L 2 F A id BER,
23 20 M AR AT B BT 7C UG T AR e, R fE R A AR S BN . 1Z30H S5 RSU4 4 T Halo-taghnic 4%
AR S 73 AR S RE, SRIGVELIS 4 T Halo-taghr i BOAR A& A B s A7 WL SLIRI AL S L DG RO MR, fr e MOBLEE
Ir T HORSAENL B ER 7T [ SEI I8 BRI 737 8] AR ELAT P 377 THI A6 FE DA 1 2B R AE R 4 L B A% o ) Bl gt g,
LAY J5 S Halo-taghr L H AR FE R ) (T8 42 Y 5858 BRS JE R I 3R LR SCHF

XA FAARICHEAR, Halo-taghn, Halo-taghic 3%, &40 i A%
BRITHE, Bz, XU, 2B, BR&EF, BIT, HK&E (2023). Halo-tagheic SR K H AL MY 40 i A% Th i 2 . HE 9

4] 58, 475-485

UTAER, B B EAR R CEARE, BTk
PR A L S AR B AR R R v B 2 23 R v R B AN
TRl 7/ W S K i S e S A= R
(Halstead et al., 2016; Shen et al., 2020; Guo et al.,
2021), HAB R X ARIC T vk th T 5 i R SR (TR
%%, 2021; Oveka et al., 2022). AW ARicH AR AL
BARGG R, A e HOARTHA B RS
Y AR B (Jing et al., 2020; 3K J5 %%, 2022). H AT,
i FH PR A B 2 D bR e 2 AR A LG BRIl
(Chen et al., 2021). =T fitric(Kashapov et al.,
2018)F1%% ¢ & A #xic (Liu and Cui, 2020)= K2, H
H, ANLFGHRIR R B Z, 2 NS H BRI N
TALAWI(Li et al., 2017b; Rasheed et al., 2018), {H
AT L S O il B o LR e ek 22 T R #1) 1 L AE B ) 1
RSN . S AR, &7 52—
e B R g K & kL (Marcel et al.,, 1998; Z= %4545,
2009), BARILKGOCIERE, JURNA RSB 1) &
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T i 0] [R5 A, A T 32 AR
SRV AR R A, SRS TE VS 40 B A R
8 F 2> 32 R (Cao et al., 2018). )G il It
K gmts 5 B b T EEEEAT R bR, 2 H &
() —Fhbrid SR (Shao et al., 2016), J H.FE & Hih.
S B B AN 5 FE A5 D7 TR AN T 243 (Feng et al,
2017), KEHIRZ BA AR YRR EH,
WG« Se IR R0 2% % B 1 (Grimm et al.,
2016). 2A1M, ROE AR B S KR ERICHIEE RS
AR, R T AL 2 HE g S R
N IRE HLERRR L B AR AL &
FRidix = KBFRICEARMIBGE, AR LR A
X Zhrid Al R — R BE 4> AR (L
etal., 2017a; Banaz et al., 2019). #l1, sk A %
K8 ) 1) Tag 7 A AR 2 fi s B B Anar 1 1, FRHR IS
F(ANG R E 2 5TagF ol /bRt e 46, XMk
BARCTTERE R AR T B BB EERAR e 1, X
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AR AR o 515 1 B R AR 302 AT LLd ik 1
B GG BE R S H bR 2T IR AR - R,
WLV Taghe2s £ 52 v, RN A3 41 i # 4) +
BRAG A sk R B O IR T 2 bRl 77 ik (Yagi et al,
2021). TfiHalo-tagh & F H — P 52 F 58 3 75 Bk (1417
HTaghrZMbricHiA . Halo-tagii R s il 1 _Eidf:
G oy FhRc R BRI, B TT N DA A 1 A 5 )
REREAT & R AT KiHalo-taghi R 5 A )
B RRMRERALS G, DS Ehrid B AR
&, T BT A AR AT AT, a0 R R S A
aifh. PR IREAEYE . B - AR
-DNAFH EAEF  AEWIIE « A4t B s A5 R0 A P9 v
2 il %1% (Deprey and Kritzer, 2021).

i JL4, Halo-taghric 5 AR 7E 5 4 i s AR B 7t
(R R 22, 120 T (E AR 4 i A% Hh 43 31 25K
AR o i, ) ZE AR RS At 0 22 B AR 5 1)
SENLAI AT, AT DAIE R A AR T ) R [R] R 2 ] S 30 ik
MIBERRIEE H bR 71 1 A Fg it 7, vy
FRIBER H AR 7> T IS A AR B SN AAT h, DS Al
AN TR 437 18] 1 3 5 457 FVAH ‘B4 F (Locatelli-Hoops et
al., 2013). [Hit, A MHalo-tagZ Hhgtric B A K
JH A U S N A R R, R TSR R b SR B A
THI ) o ALt R AT 4508, R E A4 T eI e
YIS IR, FIR S T AR Y40
MR, FEoR T Halo-tag % Thfitbricd B R FE R
S A ) 2 U A T R PR S T S R o R R e

Halo-tagfrid AR

7, Taghs% il & 4% = K2 (Yan and Bruchez,
2015), ST H ARSI AREE, IR
PREERE B H bR B _EREATERC, —BONEYIRIE
Il OGS RN, PRI AR AL 40 M 2 T8 R
ik, IX L AR 25 £ 4 Snap-tag . CLIP-tag
Halo-tag #1 TMP-tag (Erdmann et al., 2019; Cha-
rubin et al., 2020; Hoelzel and Zhang, 2020). %2
KRRIET S RES RIS, REREAT LS5
FEHEAT R e I BAE o 1, XA DY 2 15k 2 R A i A
Ni-fiFf 3 = 4R (NTA) 2 s SE B H b5 70 1 45 5 4k
Frid, {HATRE< T f T R B S5 I T 3 BRI R
Ko HIRZEEA FHIRARZE, XIAR1CTH ZAE A

m_\

8 R 58 (0 AMP-tag flIACP-tag), {HiX $64Rr25 (X
R4t I ARl . 286 KE, 1K Taghs %t i
ZXGR IR IE 7, HOH R O, aORIERR
1A AR T I T 2 (R A R . Hk Ak, BET
Halo-tag% DR pRiC ML Hy, T L8 4F 78 3 41 o B2 73
R AFEI 2 B (Grimm et al., 2017a).

1.1 Halo-taghric &R BB
Halo-taghricd £ R T-20054F 4% & 4 th, HH&d T4
VIH AR 1) 3% [H Promega s 7] &K W, %2\ 5L
NGB IEFEZ 5 T XRBHTE AR K (Los et al., 2008).
Halo-taghric £ A /& 15 Halo-tag & (4 #1Halo-tag it 3
AR A i o A WA RORE, T8 S B 1 45 & 7
—ifd. BEFUE R A N S, e R R TR
A &S Hbr % H 5 Halo-tag ¥ 41l 1 il & R 15 %
A4, IR FH o i) BSRR S A e 1) 7 e N B AR At L P 3
ik, FEARAE AN [F) (1 5256 H RN & 76 AN [F] D fig 5k 4]
f\JHalo-taglic 3% (Grimm et al., 2015) (E1A), 454
TU RGP e, A TFEAKRNnED R
(biotin)) ity AE 5% Y i 2% DL & A T & F1 A0 B4 A A 9
(pull-down) ) L £ 48, AT SEIA A Hidk R 1% 2
HIEHAE,

1.2 Halo-tagfRric B AR K R R
Halo-tagbric £ A )% 0» /& Halo-tag & H, & KJE T
i A %% 42 i i B (haloalkane dehalogenase),
8 1o 5 DR 5 T 45 31 10— S AR 2R ot i Y, EH293
NIRRT IE A R, 7 FEZ N33 kDalf H ik &
FI(E84%, 2014). IE2 H T Halo-tagfiT 4 T 40 5 J5 1%
AW, HHalo-tagfF Ay i 5 K A7 845 L AL, 72
FLIZ AP AR 22 Bt 1 b L P AN A7 2R AL ) R
N, PIEARIE T Halo-taghric B A 1 e FE R 51
Halo-taghric B A [ 4 Jot =2 Mt i A SR B, 1%
N JE T AU PR R LR, B, BPAR
B i 5 53— IO o AR 2 TR R DAREAT I A AL
JRONE, ot 1< 8 £ 565 1 06 107 K 4 2 IR (Asp) R T % 1 1)
X TR AR SEAZ RO, AT 25 e B R T, O
TE R R =P lis, SR, o )= P s 1 i o B 5 27 2
P2 Z R (His) AL /E R R 427K fig . T Halo-taghr
TOAE G S S R Al b, g it 1l g 35 27 2467 4H B2 R R AR
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(A) 75140l Halo-taghric i AR I, (B) M5 AR Y (WT )R 5 A% 2 it g g 14 4, 2% 25 1) X (SRME K7 It i B 1D 25 106467 R & 22 (Asp), =&
i R Az o H T TR = A (L R £ R 7R B A 2 L5 A 7 i o e ) X, L o B A Tt pe il 35 27 20 2 4 (R (His), T TE
SR Yt 11 g 25 27 2461 5278 R K A 2 R (Phe)); (C) Halo-tag & A -5 TMREC 40 45 & 14> T84 (2 H England et al., 2015).

Figure 1 Halo-tag technology

(A) Schematic showing Halo-tag labeling in living cells; (B) Chemical structural formulae of wild-type (WT) and mutant deha-
logenases (green box indicates that aspartic acid (Asp) at position 106 of dehalogenase, which is the site where dehalogena-
tion occurs and the intermediate ester is formed; red box indicates the difference between the wild-type dehalogenase and the
mutant dehalogenase, where the wild-type dehalogenase is histidine (His) at position 272, while the mutant dehalogenase
mutates to phenylalanine (Phe) at position 272); (C) Molecular model of the Halo-tag protein with a covalently bound TMR
ligand (modified from England et al., 2015).

BRI (Phe) (E1B), RAJFHMKEEAGEK T &, ER WA R EM IR . BEWE,
6] P, XA AR e S AR Z AT T Halo-tagl 2% PRI # 0 4Lk, — 8 il HAa
FUEAAAE HA W LN 455 (England et al., 2015). 34k ) Jg B 3E 34 T, HLAF F 2 55 Halo-tag 2 [ 31T

. . LA iERE . TiHalo-taglit 2% ) 45 & £z & (7 T Halo-tag
2 Halo-taghric iR RAIR S B 10055106 3 < i (Asp), AT 8 (1T %

Halo-taglit 7 /2 #5 Fad it i< G HLAK 5% S B H 1) i A HZ)1. 5 nmPJER 14891 (E1C), K itkHalo-taghic 2%
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Fe oy T MK BE 2 e Re A5 T L0 B 1) 5B (Versch-
ueren et al., 1993). A FL A G K= A, AKIN
MR T I B 140 R FLAE 530 2R i i 3 R
TR B SR -1, ot o A SR L 1) R AR e
Ve, DX AR IR 45 44 1 i K 2 #Halo-tagfic 2
HEBES T 45 #4(Wilhelm et al., 2021). Halo-tag
BeSE 1) o — 3By R AF 1) HAA DhReI L], IE2&H
T2 AT BRI A AEAE, A TR T 1 Halo-tagHi R B
R HZIhagtE. HurHalo-taglt 3t E ik ik, 3
Promega /2~ & # ) 7 ¢+ A4S [H] 2 ¢ 1) Halo-tag
FokE, G40 M TR 2Ot RCEE . TR faify
(240 2 LA B P T ] 4k R THTAIF RO T 25 o AR SC R
JKiF Halo-tag it 2 75 3 4 i B 45 b BB 72, R4 A
20 T4 BSR  T 2

MR IS | e R DL SR 7 R B e A
i, F T 96 A W 7T [ Halo-tag it i m] fi] 5.4 4
fh2 % (Benink and Urh, 2015) (¥1). #12%: BH

UMz EPE I EC RS, BEXT 40 M P 14 T 34T ARl
A%, R RS AR I — R, BfFEae
%t Halo-tag® TMR: Cy5H4,CIN3Og, AN 4T i
636, B KBRS IR RS K N555 nm/
585 nm; £ith5%;Halo-tag® diAcFAM: C3sH3sCINO;,
AR 73 i 5666, H KUK IR R KSR
494 nm/526 nm; L) fxHalo-tag® Oregon GreenfHl
Halo-tag® Coumarin®s. #5225 E4HiE BBt e
B, MR EE F EH TR AR MR b 1) 5 AT AR IR AR
1%, FEf$EHalo-tag® Alexa Fluor® 488f1Alexa
Fluor® 660 i . 25325 B A MM E IS, (H
5555 A AN [R] ) 2 M S P02 e R R s e PR, I HL
AN TR E AT B W] B R T SR A AR S . R
£ FfuFhHalo-tag® TMRDirect™ #1R110Direct™
PRl B5438 W KRN —3, FFERA4RE
VRN CPRE. ape” PO, i RS SN O
gy, SRR RS E ) B, EEAREIF

#=1 A TS0 &% 1 Halo-taglit 2 # 2% (24 H Benink and Urh, 2015)
Table 1 Types of Halo-tag ligands for living cell imaging (modified from Benink and Urh, 2015)

P 251 i Svia i BRI ST E B (nm) 275 7 ZH 0 g =
] ]
/'}‘\ O, O N
TMR M BB 555/585 2 S ®
NHO/\O/\/O\/\/\/\C\
TD O 0. ‘ DTO(
diAcFAM MpsEN 494/526 & N o o
o)m\, ’i% o \/\O/\N\/
Oregon Green 4 s P 496/516 B
o4
Coumarin 4 f 533 353/434 2 CC(xy OO
L e Q
0=8=0 0=5=0
HoN O O. ‘ NH,*
Alexa Fluor® 488 dk4iuiziE 494/517 2
07 NH A g~ O
Alexa Fluor® 660 Ea iz iEs 663/690 & Y AP RPN
/"}‘\ O, O "\‘\
TMRDirect™ MpsEN 555/585 = 6 O
NHO/\O/\/O\/\/\/\C‘
R110Direct™ MpsEN 502/527 i

O NH A~ O
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(Janelia Fluor) &%) 4%l (Teng et al., 2019), w1
JF549. PA-JF54971JF646. PA-JF646. % EFE
72, BLRPCEIE H A R R, I B B R ff
R, FrBARARE S JEA, 1 i BT 9T ) /5 22
W TSN GAS WA R B0k IX e Halo-tag it &, FE425%
H iff & Fiifi] % Halo-tagfit &, i RKHhiEs) T iZHARTE
T 20 R RSAR R S

3 Halo-tag#Ric SR YILHBRAL (&
IR

AR, - RPRic AR R SR (E M5, 2015; £Ril
#4%, 2021; Zhang et al., 2021). H:#1, Halo-taghric
FARIEB T RGOS R R E AR, fEME4
FRAG R R R L 3 W 52 43 - RS 4 58 67 o SRR R 4y
T BN ASRRAE AR W 43 8] R AH AR 3K .

3.1 FZAMBHEEMS I

HH w9k E A —Ff, Halo-tagf A rl LAEE& 2 H Fr
H A RN Culy, (A4 [F 1 2 Halo-tag & A 7 L5
J AR 8 W O T R PR 45 A T AN BT Y 3
(Yazaki et al., 2020). [X I, Halo-tagHi A H A5 fa & v
UF R e R RN B R R, SEE A TR
RSB EAR, 413D AR LA K & T 7 7
AR R G, REfE XS 431 FRRS 4 8 (30N 45 7 AT S48
fIWLEE. N, Liu%:(2014)5 HHalo-taghric B R,
FTFIF R4 56 E HE (Janelia Fluor 549)47 & 4 IR
5 T4 i o s S TR T Sox2 i ks FE 3D E AL . 45 R
TE SN AZ I LS BV 22 J i SR AR 2 o, X R
Sox27r FH AL S o A TR MLk, 12 DA 2
ERERE RS EE. S, EEREHE T
kit Cisse 41 BA (Cho et al., 2018)¥ JF £ 1) % Y fic 3t
(Janelia Fluor 646) .5 Y5 4.5¢ ¢ & 1 (Dendra2)fx i
Tk &, I S F i R R EE T IF646
Fric i H A 14 (Mediator) flDendra2bx ic FIRNA R &
L (Pol )7y T HIEALEOL, 45 B2, Mediatorfil
Pol #ANY 534 43 A T3 A R e T4 iz A, I a7
PAE iy 8K HARE I Bk gi il . BaRaf iR i,
113 Halo-tag 5 A W] W %2 31 21 B A% N 55 22 465 4t 45 1) F1
T EAAER, XX T BLAR B A R R IR P 55T AR
FORHEE,

P4 Halo-tag SRICHAR M HLAEEM AL RRAZ H IR 479

B 7 AE B iR 4 #itHalo-tag it LA AN, N T i
JE 22 1) S 75 SR AT 7T ORI R TV 2B
6 H(Knight et al., 2015; Wang et al., 2021). Grimm
£ (2017b) i i 0) 28 3L P B G Rk 25 7 a3E 4T 1
3%15 1 Janelia Fluor 585#lJanelia Fluor 6357 f#T
R EBLEE, AT FE /N, WSS A
J, A ek SR 2y e ) o 2H 2 TS AR AR I R R —
AR T X MH B SO HCHE A S I . Liud (2017)
FER T H—FE i, Pud. fdkifHalo-P97 Yt T &,
A 1% B 4 % DNAZS &5 8 FI TDP43#E 17 Ze i ic,
T RS R I, ARSI EE ST, HEm
A] WTDP437; T A 5 oA T4z N, JF 5%
TBTMRPAC 1 5E 7 45 R — 5, (HHFOE 5 2358
7100015 25 BT, Bk Z MR FLE 80U TIRER
Halo-tag ¢ J't; it & 76 7% 21 i BUAR Th I B2 H - s e g
AR, SIS A TR WA AR K
FR)HG 4 7€ LB 7T o

Halo-taghricd £ REBR 1 £ 40 M 45 212
R4, TEREYD AL AR e b A4S 3] 7 s
IR H . Lang%(2006)#x #1431 717 Halo-taghnas
(MR B, FEAETEIRSEAE M 55 2 21 (35S) UK 5
AT RIS, I A0 0 T 20 N L (Nico-
tiana tabacum) 5t A4E 5T 4 DL K 0 55 R0 B (Populus)
m e Ak fE, HEMENS R R ETMRED 2L [F]
B E, JFis HEOE R A B A2k 47 Bofg
%, GRRM, TEARIEYIARL I 4H BT 35 A A I
FBRZI AT %098, IE W Halo-tagh: 5 1 ic 2 AT LLi%
Y0 P R NG . EIRHE SR B, Halo-tag
FRACHEART] LRI A [F ZH 2 AR EBALATAS [R] 8
B o F AT RE SRR IC ROU R, 1E T A2 A1 B AR
F o3 BT R A A A L P B0 1R RE SRR AIE L RS AN S5 A
RS HR B A AE, IR AW C R 850 Dk
5P 2E g Bt o

3.2 JBERSTFHIERENTS

| F Halo-taghn it 5 AR AT LUK 4 0L 52 2] 731 /1
SERIMUEALZR™S, B W] AR 5 OB RC I 1 P 25
R FOR LI B R0 7 I SRS AMRFAE . T
Halo-tag %% )t it i [ 't 1 1 o7 A192 38 1 A7 A2 UK 22
5, ATERT U R B IA O, AL AT B SEa6 1
FRiC i 18] s [ BEAT 42 61, AT LI 731 It P ]
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)G BB 0B 55 Bl ) R AE . B, S [ AR i KA
Neil Brockdorffiif 7t 24 FI % St e 2 0t i 1 5T AN 7] 14
Ry AL, SR IX 20 AR ad A B BB I TE] - R 3 F 2 5 Xist
(X-inactive specific transcript) RNA 4 F (Roder-
mund et al., 2021). & Ja¥Halo-tag5| AXist RNAFR
RS, IRJEAEMMEEE TR A R B A, 2 ml i
AN A6 JE 1 i Halo-tag %% Yl 2, 1X A% 6 5 & R
Xist RNABE A5 ic oA [ @) B, f fim I A 45 0 D6 e
A {2 %% (structured illumination microscopy, SIM)
B, KICE RSB & B Xist RNAZ [8] /7 7E &
F BBk (coupling) % % . LosZE(2008) A1 FH 27 A ] f)
fi 7 (TMRDirect 1 R110Direct) £ A [& i [7] B 5
U20S4i il # i\ Halo-tag &5 At AT 3L &, it &5l
JSAG VL5 B A [F] I [) B B 2 1 43 il b i AS [R] 1)
PG, TSI Halo-tag Xt 8 [ A R 1 X 43
Frid, XA R T G AR R 1 2 AR D Re Al i
EHLE . Ak, F|FHHalo-tag it 2 i 72 38 M AN A,
AL [R] B 4 R P A0 43 AT X E AR . i,
A% (2012)F FANE FE () Alexa Fluor 4887 YL 3 A
1017 11 Halo-tag b5 %5 11 Ji 2 1 PCSKO, 1Ml H 7] i Jii
1 TMR % O e 2 5 12 47 A7 Halo-tag 7 25 1 il
PCSKO& 1, it & oW 8¢ LI 85 I PCSKO W il
o R SR ONGH R A, T N R PCSKO 2 1 H
TE 3 P 5T DX R iy R AR S A L 2 A e i BB A,
10 ) FH TG 85 69555 12 1) AS () S 00T 48 B FEE PN 904
MBS I FI AT NI EE . 256 BRI iR,
Halo-tag 5 AR BE AT LA X 43 b 1 A [5] IS 18] 5 G 1) 231,
WA PAX il AN EAL B 5y, 3P R 1%
ARAESEIS B A B ERAEFE A AR, X 0 78 48R i
il R e R R B 2 D S SRR el
(Zhang et al., 2022).
Halo-taghricd BE AR 1) 53 —MFF s 2 Be e 5 R € (1)
WORL I 4 A, TR KR & E 7 s,
KR ], PRk, R 2R B8 K I TR I8 15 25
THE . I E%I253017 8. Cho%(2018) K
TAHEEMMBEANMEP 15 F#3sh %, H
Halo-tag#i R ¥ JF £ 41| 9% KL £ (Janelia Fluor 646)
KbridPol I, FFIERE d A& s BUREOR AT K I8
LI (RS AW EZ I [R] 29 700F)), Bifg&h R Box, 24
ANEIPol 1431 369F i AH B 42 fir, 3E 177 AH H fk
A, XMILRN 5 B8 iE 40 A B Pol T4 43 55 1

FRiE2E e 7RG . Pulsiphers%(2015)F) fHalo-tag &
AR A B L s i AR e A5 A, 3 i R
(glycosaminoglycan) 7£ 4t Jfil [l 3¢ i +< I5F [8] £ 30, 45
F I 7R Halo-tag it 5 i 1X Fil i 217 He {5 5 2 /b AT FE4k
8K, X PR by A2 [ UL BT[] DA R A% E K S 5
NG AR BN R T B FIE 57 S H ARt T
— sk Bl 1 F B Ak, Grimm35(2017b)H
&Pkl 3 Janelia Fluor 5857 kit 5 2135 147N il
B, L B RN R, 1% ehRic il EEST2)H
X PG A K TR I8 BTG 40 P 43 T IR 3h &84T
AL T ISR . AN, BFFEE B T BT
8% R GORKE I R DGR IC T 103 DL, IREs &
Halo-taghrid B AR IR EE, K AR RFLL I [ I T
2 (Shao et al., 2018). 35 [ 7E # 48 - ph i 22 2
BT 9% 7 (HHMI) I Liu 2% (2018) 3 7 Fi Halo-tag b7 it 3%
RO T MG TR IS B, FH45EMBiArid R
BEALEE | A TT N AN TS s, FIHEOTVE
MEZ B 1) 43 118 B 20 LA G b id 7 v 82 = 1100
% . Liu%%(2018)ik | F Halo-tag 45 & B i b ic 77 ¥2:,
FRIC 7 40 N I B ANH2B 4 1, 3F 5 Janelia Fluor
BA9 LR HEHEATWE &, 145 % I [A] 35 10-20 5344,
bo 2 AR AR ek 7k i s K m2 M o . &
2., XA Halo-tagHi R s TG BibR ic 7 i, B
T FH T 0 A 2 S 1095 A0 M A P9 B SR TR P 4 R A s
B35, LA 8] 1) UG ALE ER 55T IE 3 .

33 #®AERZENMEEER

Halo-taghsic 5 A ik F - W 58 5 AN 537 (1 3 1 A 3 7
AT R UAAN, I AT DA L RRIC 5 B A B R A
A B AN [F) 43 18] /) AH ELAFE B (Cui et al., 2019).
n, Liugs(2014) 5 FH 6 BOE A 2 748 (photoactivated
localization microscopy, PALM)X}Halo-taghsic #5%
R F ¥ Sox2 Fl 6 4 4k, %% 't & 1 Dendra2fx id [ Pol 11
S FIRATIEE AL UL, R R R AR AN HAH G R 4%
F B B GHEAT B, R IULE T A% P9 B SR T
Sox25Pol 115 & 4 X A B E S, #l —#HF7E
S5 A7 o 28U, Cho%%(2018)7E i 44 I i T4 it r th
M %% F Mediator 4 1 (Halo-tag ¥x ic. ) AT Pol 11 5 1
(Dendra2 fr ic ) 1 3t 52 47, &5 F 7w 90% L b 11
Mediator4> ¥ 5Pol 115 4B E S, ¥ Mediator
FIPol 1143 75 3 44 40 Ji A% 3k e £ o 3 i 1)
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Halo-tag Al 8% 4k 76 )t & 1 Dendra2 S I SR ic 1 7
%, AT LATE M E AR B BAE R R, O
T 58 EWLH SR A 1 AR 45 2. SR, e
JCHE FANE B T AT =G FE 106 23 7 2% U A0S 24
EEHAERKME., M2, Halo-tag5 HEAric AR
WA N, AT DA I - 18] (R AH ELAE a3k T A 4t
WEE A BAERF LIRS % .

T Halo-taghricfiAR, WFRE IR T H
F %% 6 H % & 4t (bimolecular fluorescent compli-
mentary, BiFC), AT SEHLTE A U FIE BR & (i 2
AR EAEF . BARRELN: FHalo-tag s H1 4> 2k
NANC i B AN TR 43, X FE B AT o] — 35 3 50 TG Bl %
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LA S AE A& &b b id A1 R £ 4% (Blackstock and Chen,
2014; Simpson et al., 2020; Fischer et al., 2021).
SR, H AT Halo-taghric B AR FE R4~ AUk R B F
JeB g, TAANBT A BT 7 E ALY & e SR IR IR
SITERSE A, DAL AR AR dr b b B
IR B JRE T 5

A Ja, NE— insEHalo-tag 5 H B bR it H AR
gid, mEHTEROGEH . BT Arid. SUper-
Nova (Sun-tag)twic ¢ R EC& M H, My fE
Halo-taghsic B AR FERE )3 41 0 2 Y6 bm e BT 5 v i 1
H, et YR A a5k € SL RSl ) 2 RE R 5
PEHLEE 2 RN, (R, 3B M E RUORTEHT A Halo-tag it
BT R, RAAWHERR OB, A Re3RAS LR SNt
MR EE, DUREHAE 3 I BEI LS . i
AR EAHBAE i N (BRAT 4%, 2019; JBFE1A5E,
2021; RJLAE, 2022), Ffik— B iy g 240 i
A AL 7y (A AH FAE FROBE A b o RREEACK, RS
8 Halo-tag AH B IC 2% I A Wil &, bR it SR E AR
ATRF 22 AN R R FH 2Bl A

S0

IREEAE, IS, LU, mEBE (2021). T Turbol Dt
YR AR ARIC SR . IR 56, 584-593.

ZPRIE, FRW, A, KEE (2009). T bRt KA
VA EP RN, BT RREER 28, 495-504.

RILHE, BRiE, &R, BT (2021). RNARAHEFIZA R
P S UG AR BT FUt . B AR 37, 293-302.

BRAT, BAR, MRE, iRk, BEER, L8, BN, R
%, B, BRZW, Ak, TAE, TFH, BEX, B
R, T& (2019). 20184F H [E 1 ¥H} 23 T4 3 20k 5
B, YR 54, 405-440.

© 0000 Chinese Bulletin of Botany



482 HHYAR 58(3) 2023

T, BiE, £EX (2014). Halotag% MAEhnic R 4 KX HAE
VTR . BT R 33, 147-155.

RR, B, #HIb (2022). HEYWESCRTE &AM Ih et 51
ERE. WMY)FER 57, 697-712.

B, E=&, ;hS® (2015). 5 R BAHORTT SR .
A ififs: 35, 430-437.

Tak, TH), REIL, TR, BESR, WSHE (2021). #5H
BRHSBHEAREFERM RGP INE S RE. £YiEs
A e 48, 1301-1315.

KR, I, KA, FHIE (2022). B TROLRIMIEA
f R J R AL R B 2 S KR H . AR BOR s AR
38, 33-43.

Ai X, Fischer P, Palyha OC, Wisniewski D, Hubbard B,
Akinsanya K, Strack AM, Ehrhardt AG (2012). Utilizing
HaloTag technology to track the fate of PCSK9 from in-
tracellular vs. extracellular sources. Curr Chem Genomics
6, 38-47.

Banaz N, Makela J, Uphoff S (2019). Choosing the right
label for single-molecule tracking in live bacteria: side-by-
side comparison of photoactivatable fluorescent protein
and Halo tag dyes. J Phys D Appl Phys 52, 064002.

Benink HA, Urh M (2015). HaloTag technology for specific
and covalent labeling of fusion proteins. In: Gautier A,
Hinner MJ, eds. Site-Specific Protein Labeling: Methods
and Protocols. New York: Humana. pp. 119-128.

Blackstock D, Chen W (2014). Halo-tag mediated self-
labeling of fluorescent proteins to molecular beacons for
nucleic acid detection. Chem Commun 50, 13735-13738.

Bruchez M Jr, Moronne M, Gin P, Weiss S, Alivisatos AP
(1998). Semiconductor nanocrystals as fluorescent bio-
logical labels. Science 281, 2013-2016.

Cao Y, Dong HF, Pu ST, Zhang XJ (2018). Photolumines-
cent two-dimensional SiC quantum dots for cellular ima-
ging and transport. Nano Res 11, 4074-4081.

Charubin K, Streett H, Papoutsakis ET (2020). Develop-
ment of strong anaerobic fluorescent reporters for Clos-
tridium acetobutylicum and Clostridium ljungdahlii using
HaloTag and SNAP-tag proteins. Appl Environ Microbiol
86, e01271-20.

Chen H, Zhou Z, Li ZY, He XJ, Shen JL (2021). Highly
sensitive fluorescent sensor based on coumarin organic
dye for pyrophosphate ion turn-on biosensing in synovial
fluid. Spectrochim Acta A Mol Biomol Spectrosc 257,
119792.

Cho WK, Spille JH, Hecht M, Lee C, Li C, Grube V, Cisse
Il (2018). Mediator and RNA polymerase Il clusters asso-

ciate in transcription-dependent condensates. Science 361,
412-415.

Cui YN, Zhang X, Yu M, Zhu YF, Xing JJ, Lin JX (2019).
Techniques for detecting protein-protein interactions in
living cells: principles, limitations, and recent progress.
Sci China Life Sci 62, 619-632.

Deprey K, Kritzer JA (2021). HaloTag forms an intra-
molecular disulfide. Bioconjugate Chem 32, 964-970.
England CG, Luo HM, Cai WB (2015). HaloTag technology:
a versatile platform for biomedical applications. Biocon-

jugate Chem 26, 975-986.

Erdmann RS, Baguley SW, Richens JH, Wissner RF, Xi
ZQ, Allgeyer ES, Zhong S, Thompson AD, Lowe N,
Butler R, Bewersdorf J, Rothman JE, St Johnston D,
Schepartz A, Toomre D (2019). Labeling strategies
matter for super-resolution microscopy: a comparison
between HaloTags and SNAP-tags. Cell Chem Biol 26,
584-592.

Feng SY, Sekine S, Pessino V, Li H, Leonetti MD, Huang
B (2017). Improved split fluorescent proteins for en-
dogenous protein labeling. Nat Commun 8, 370.

Fischer S, Ward TR, Liang AD (2021). Engineering a me-
tathesis-catalyzing artificial metalloenzyme based on
HaloTag. ACS Catal 11, 6343-6347.

Grimm JB, Brown TA, English BP, Lionnet T, Lavis LD
(2017a). Synthesis of Janelia Fluor HaloTag and SNAP-
tag ligands and their use in cellular imaging experiments.
In: Erfle H, ed. Super-Resolution Microscopy: Methods
and Protocols. New York: Humana. pp. 179-188.

Grimm JB, English BP, Chen JJ, Slaughter JP, Zhang ZJ,
Revyakin A, Patel R, Macklin JJ, Normanno D, Singer
RH, Lionnet T, Lavis LD (2015). A general method to
improve fluorophores for live-cell and single-molecule
microscopy. Nat Methods 12, 244-250.

Grimm JB, English BP, Choi H, Muthusamy AK, Mehl BP,
Dong P, Brown TA, Lippincott-Schwartz J, Liu Z,
Lionnet T, Lavis LD (2016). Bright photoactivatable
fluorophores for single-molecule imaging. Nat Methods
13, 985-988.

Grimm JB, Muthusamy AK, Liang YJ, Brown TA, Lemon
WC, Patel R, Lu RW, Macklin JJ, Keller PJ, Ji N, Lavis
LD (2017b). A general method to fine-tune fluorophores
for live-cell and in vivo imaging. Nat Methods 14, 987-994.

Guo AY, Zhang YM, Wang L, Bai D, Xu YP, Wu WQ
(2021). Single-molecule imaging in living plant cells: a
methodological review. Int J Mol Sci 22, 5071.

Halstead JM, Wilbertz JH, Wippich F, Lionnet T, Eph-
russi A, Chao JA (2016). TRICK: a single-molecule

© Q0000 Chinese Bulletin of Botany



UL 4% Halo-tag ARICHAR M HLAEEM AL RRAZ H IR 483

method for imaging the first round of translation in living
cells and animals. Methods Enzymol 572, 123—-157.

Hoelzel CA, Zhang X (2020). Visualizing and manipulating
biological processes by using HaloTag and SNAP-Tag
technologies. ChemBioChem 21, 1935-1946.

Jing YY, Zhou LL, Chen JL, Xu HJ, Sun JY, Cai MJ, Jiang
JG, Gao J, Wang HD (2020). Quantitatively mapping the
assembly pattern of EpCAM on cell membranes with pep-
tide probes. Anal Chem 92, 1865-1873.

Kashapov RR, Bekmukhametova AM, Petrov KA, Ni-
zameev IR, Kadirov MK, Zakharova LY (2018). Su-
pramolecular strategy to construct quantum dot-based
sensors for detection of paraoxon. Sens Actuators B C-
hem 273, 592-599.

Knight SC, Xie LQ, Deng WL, Guglielmi B, Witkowsky
LB, Bosanac L, Zhang ET, El Beheiry M, Masson JB,
Dahan M, Liu Z, Doudna JA, Tjian R (2015). Dynamics
of CRISPR-Cas9 genome interrogation in living cells. S-
cience 350, 823-826.

Lang C, Schulze J, Mendel RR, Hansch R (2006). Halo-
tagTM: a new versatile reporter gene system in plant cells.
J Exp Bot 57, 2985-2992.

Li CG, Tebo AG, Gautier A (2017a). Fluorogenic labeling
strategies for biological imaging. Int J Mol Sci 18, 1473.
Li K, Hou JT, Yang J, Yu XQ (2017b). A tumor-specific and
mitochondria-targeted fluorescent probe for real-time
sensing of hypochlorite in living cells. Chem Commun

(Camb) 53, 5539-5541.

Liu H, Dong P, loannou MS, Li L, Shea J, Pasolli HA,
Grimm JB, Rivlin PK, Lavis LD, Koyama M, Liu Z
(2018). Visualizing long-term single-molecule dynamics in
vivo by stochastic protein labeling. Proc Natl Acad Sci
USA 115, 343-348.

Liu J, Cui ZQ (2020). Fluorescent labeling of proteins of
interest in live cells: beyond fluorescent proteins. Biocon-
jugate Chem 31, 1587-1595.

Liu Y, Miao K, Dunham NP, Liu HB, Fares M, Boal AK, Li
XS, Zhang X (2017). The cation-1 interaction enables a
Halo-tag fluorogenic probe for fast no-wash live cell ima-
ging and gel-free protein quantification. Biochemistry 56,
1585-1595.

Liu Z, Legant WR, Chen BC, Li L, Grimm JB, Lavis LD,
Betzig E, Tjian R (2014). 3D imaging of Sox2 enhancer
clusters in embryonic stem cells. eLife 3, e04236.

Locatelli-Hoops S, Sheen FC, Zoubak L, Gawrisch K,
Yeliseev AA (2013). Application of HaloTag technology to
expression and purification of cannabinoid receptor CB,.

Protein Expr Purif 89, 62-72.

Los GV, Encell LP, McDougall MG, Hartzell DD, Karas-
sina N, Zimprich C, Wood MG, Learish R, Ohana RF,
Urh M, Simpson D, Mendez J, Zimmerman K, Otto P,
Vidugiris G, Zhu J, Darzins A, Klaubert DH, Bulleit RF,
Wood KV (2008). HaloTag: a novel protein labeling
technology for cell imaging and protein analysis. ACS
Chem Biol 3, 373-382.

Minner-Meinen R, Weber JN, Albrecht A, Matis R,
Behnecke M, Tietge C, Frank S, Schulze J, Busch-
mann H, Walla PJ, Mendel RR, Hansch R, Kaufholdt D
(2021). Split-HaloTag imaging assay for sophisticated
microscopy of protein-protein interactions in planta. Plant
Commun 2, 100212.

Ovec¢ka M, Sojka J, Ticha M, Komis G, Basheer J,
Marchetti C, Samajova O, Kubénova L, Samaj J (2022).
Imaging plant cells and organs with light-sheet and su-
per-resolution microscopy. Plant Physiol 188, 683—702.

Pulsipher A, Griffin ME, Stone SE, Hsieh-Wilson LC
(2015). Long-lived engineering of glycans to direct stem
cell fate. Angew Chem Int Ed 54, 1466—1470.

Rasheed T, Li CL, Zhang YL, Nabeel F, Peng JX, Qi J,
Gong LD, Yu CY (2018). Rhodamine-based multianalyte
colorimetric probe with potentialities as on-site assay kit
and in biological systems. Sens Actuators B Chem 258,
115-124.

Rodermund L, Coker H, Oldenkamp R, Wei GF, Bowness
J, Rajkumar B, Nesterova T, Susano Pinto DM,
Schermelleh L, Brockdorff N (2021). Time-resolved
structured illumination microscopy reveals key principles
of Xist RNA spreading. Science 372, eabe7500.

Shao SP, Xue BX, Sun YJ (2018). Intranucleus single-
molecule imaging in living cells. Biophys J 115, 181-189.

Shao SP, Zhang HC, Zeng Y, Li YL, Sun CY, Sun YJ
(2021). TagBiFC technique allows long-term single-mole-
cule tracking of protein-protein interactions in living cells.
Commun Biol 4, 378.

Shao SP, Zhang WW, Hu H, Xue BX, Qin JS, Sun CY, Sun
YA, Wei WS, Sun YJ (2016). Long-term dual-color
tracking of genomic loci by modified sgRNAs of the
CRISPR/Cas9 system. Nucleic Acids Res 44, e86.

Shen WW, Ma LY, Zhang X, Li XX, Zhao YY, Jing YP,
Feng Y, Tan XK, Sun F, Lin JX (2020). Three-dimen-
sional reconstruction of Picea wilsonii Mast. pollen grains
using automated electron microscopy. Sci China Life Sci
63, 171-179.

Simpson LM, Macartney TJ, Nardin A, Fulcher LJ, Roth

© Q0000 Chinese Bulletin of Botany



484 HH4AR 58(3) 2023

S, Testa A, Maniaci C, Ciulli A, Ganley IG, Sapkota GP
(2020). Inducible degradation of target proteins through a
tractable affinity-directed protein missile system. Cell
Chem Biol 27, 1164-1180.

Teng IT, Bu XN, Chung | (2019). Conjugation of fab' frag-
ments with fluorescent dyes for single-molecule tracking
on live cells. Bio Protoc 9, e3375.

Verschueren KHG, Seljée F, Rozeboom HJ, Kalk KH,
Dijkstra BW (1993). Crystallographic analysis of the
catalytic mechanism of haloalkane dehalogenase. Nature
363, 693-698.

Wang ZM, Detomasi TC, Chang CJ (2021). A dual-fluoro-
phore sensor approach for ratiometric fluorescence ima-
ging of potassium in living cells. Chem Sci 12, 1720-1729.

Wilhelm J, Kithn S, Tarnawski M, Gotthard G, Tiinner-
mann J, Tanzer T, Karpenko J, Mertes N, Xue L, Uhrig
U, Reinstein J, Hiblot J, Johnsson K (2021). Kinetic and
structural characterization of the self-labeling protein tags
HaloTag7, SNAP-tag, and CLIP-tag. Biochemistry 60, 2560—
2575.

Yagi N, Yoshinari A, lwatate RJ, Isoda R, Frommer WB,

Nakamura M (2021). Advances in synthetic fluorescent
probe labeling for live-cell imaging in plants. Plant Cell
Physiol 62, 1259-1268.

Yan Q, Bruchez MP (2015). Advances in chemical labeling
of proteins in living cells. Cell Tissue Res 360, 179-194.
Yazaki J, Kawashima Y, Ogawa T, Kobayashi A, Okoshi
M, Watanabe T, Yoshida S, Kii I, Egami S, Amagai M,
Hosoya T, Shiroguchi K, Ohara O (2020). HaloTag-
based conjugation of proteins to barcoding-oligonucleot-

ides. Nucleic Acids Res 48, e8.

Zhang X, Man Y, Zhuang XH, Shen JB, Zhang Y, Cui YN,
Yu M, Xing JJ, Wang GC, Lian N, Hu ZJ, Ma LY, Shen
WW, Yang SY, Xu HM, Bian JH, Jing YP, Li XJ, Li RL,
Mao TL, Jiao YL, Sodmergen, Ren HY, Lin JX (2021).
Plant multiscale networks: charting plant connectivity by
multi-level analysis and imaging techniques. Sci China
Life Sci 64, 1392-1422.

Zhang Y, Lu YQ, El Sayyed H, Bian JH, Lin JX, Li XJ
(2022). Transcription factor dynamics in plants: insights
and technologies for in vivo imaging. Plant Physiol 189,
23-36.

© Q0000 Chinese Bulletin of Botany



UL 4% Halo-tag ARICHAR M HLAEEM AL RRAZ H IR - 485

Halo-tag Labeling Technology and It’s Application in
Plant Living Cell Imaging
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Abstract The cell is the basic structural and functional unit of living organisms, its complex internal organizational
structure, interaction and process dynamics determine the life form and life process of the entire organism. The study of
cell structure and function in the living state is of great significance for exploring and grasping the essence of life. With the
continuous advances in science and technology, a series of new live cell labeling technologies have been innovated. In
recent years, the Halo-tag labeling technology has gradually been developed into a widely used new molecular labeling
technology, playing an increasingly important role in the field of living cell imaging analysis and tracking research. It has
been gradually applied in plant cell imaging. In this review, we focus on the definition, classification and development
process of Halo-tag technology, and introduce the reaction mechanism of the dehydrohalogenation of Halo-tag labeling
technology and the types of fluorescent ligands in detail. Finally, we introduce the latest progress of this technology in the
application of living cell imaging in plants is emphatically expounded from three aspects: observing the fine localization of
molecules, tracking the real-time motion of molecules and detecting the interactions between molecules. Taken together,
this study provides theoretical foundation and technical support for the potential application of the subsequent Halo-tag
labeling technology in plants.

Key words new labeling technology, Halo-tag label, Halo-tag ligand, living cell imaging
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