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The Proceedings and Applications of Proximity Labeling in Proteomics

SU Tian, HAN Xiao, LIU Hua-Dong "
(Institute of Mitochondrial Biology and Medicine, The School of Life Science and Technology ,
Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract The complexity of life activities in humans are inseparable from protein-protein interactions
(PPIs). Most PPIs are dynamic, especially by numerous transient post-translational modifications
(PTM). Proximity labeling is a recently developed technique, which labels the potential binding proteins
of a target protein based on proximity by biotin. It can be used in combination with mass spectrometry to
detect weak and transient PPIs in cellular processes. This paper reviews the development of different
biotin-based proximity labeling methods. Starting from the biotin labeling method based on the fused
substrate sequences, the principle of other labeling probes such as BirA ", an engineered peroxidase
(APEX) , Bacillus subtilis (BASU) and APEX2 are discussed. Methods developed in the past few years
such as antibody-targeted proximity labeling and split BiolD are also introduced. The application and
prospect of these methods in investigating PPIs might inspire new researches in this field.
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HEABER TR AR MR A5 ST
Hh BRI 2588 13- 26 1 SUME B ( protein-protein
interaction, PPI) (25 H g5 5, LL PPT AfFoE % 4
8 2 11 J50AH EL AR FH 4 27 R 1 A BIL ) B
FE 2 W AR T T 2k AR ], SR, PPI
RZUUE A BT R, & — A sh WA it
i, HATWRI 1 55 AH EAR F A 22 R 3R 19 S 45 A
X BRI AL G R AN o R T5 ¥, BN, 2R A4l
Ab S5 3% ( affinity purification mass spectrometry, AP-
MS) | A B 3 U BE ( coimmunoprecipitation,  Co-
IP) 2 R ANRESE 4 WA P9 Y LS 0L

RRUTARIC AR BT 4 Jre 1) RE A 7 355 2 oG
BRI AN AH AR IR A RO R Z — . BEE ITAFE R Y
R AR IEARMCE W TEA KSR flan, A
FRE AN B a G B bR  KRIBAT ETh  AE ER
W5 R R R R F S K B AR 12 ( biotin
identification, BiolD) " i S fL. ¥ i (1) A= ) Z b i
(an engineered peroxidase, APEX)" DL K 378 Y
BiolD2'®)  APEX2'™ AU T 8 25 HUFF 3 7 ) A
FIEEREFRIC (from Bacillus subtilis, BASU) " Fil
(R EN SO ST S TR > €7 N [ @i 0
IR T EEHES) 1 E BN BAE A # 1 R JR
AR SCREE AT LL AR (Y SR FRIC 2%, X B T
AT HA Y B 3R TE X s O ik AR B A, w2
Fe iz SR B AR RIS %

1 ZBLPIERIETIE

1.1 A4EEEE (BirA) 5442 ( biotin)

2001 4F, Parrott %5 A\ F] 3% F1 % (avidin) Fl A=
WRZAERFZUN R ELS G $E1 BirA ARASMHE L/
WERCEAR . BirA E—FpAEY) Z &R A7
TR EIRN, 7 T840 35.5 kD, BER
T O A SRICHE WL 5 5 A
EMAIRIRIEEY F AL, It B SRR AR A%
BY T BieA A 3 LS, 43 N G4
Fajds | C S a3 L B rpo b g k3, o, s
Ak 25 A8 3 B 5% 25 & = W5 MR IR 1T ((adenosine
triphosphate, ATP) S #02E (4 &' ' 11 HAE FH AL
HAn Fig. 1 i 25, f8 ATP (I1E R, BirA RE5 1L
ATP FAEHE W TE R 5'-AMP-biotin , FKF H A% 15
FEMEAL LT Z )5 MR R R AR IR € &
FL M BirA (W RN LS5 A, B 5 -AMP-biotin 1)
AW FR DL e B A5 S8 SR RS B R R
ST

TERWIROARITFRIC T, de Boer 1T T 41L&
P H 5% 5k H 7 ( GATA-binding factor 1, GATA-
D) F—B& A 23 MEERZIRNRS BB, %
Z Ok A TREMS 1 BirA /A=W R AL & UK,
TEZ IR AT 5 R A IR AR A . B %R & S A
BirA 7£/)N R 1 1193 ( mouse erythroleukemia, MEL)
A LR IRET  7E BirA BUMEAL T, i 22 IR E A
FRIRFERER A W= AL, JF H45 GATA-1 I B4
o HEA B i A AL W B bR 0 BE s R AR
( streptavidin-Horseradish  peroxidase, streptavidin-
HRP) X} A ¥ & 1k 19 & 1 i 4T Western B[ 305 ki
M, R A TR 3 55 FAREE B GATA-
1AHBEAEF 8943, T4 B HE R 19 40 758 A5, JOF
HAEW GATA-1 X5 ZPSIRS )5, & H Ry
SR S R R 25 AR = A s
B I AR IE AR IR IC 5 s, )2 BiolD YT &

2008 4F, Fernandez-Suarez 252 S E X R % 9l
BirA FRIC I T S HK A 52 4K F 51 ( acceptor sequence,
AS JF ) 5& biotin accept peptide, BAP) , & T W5
HEABT A M B TEA M N S EAR, IEW0 Fig. 1
iR B HARE AR A 5 BicA MBS E AR, H
PREEFIBT B Fl— B BAP JF SRS, IR e rh 3tk
ik, SR EBRE R A B R AR ELAE SR,
TE ATP FE7E (0 55 A4, BirA S AL T I A4 0 R 1
BAP J741 1 0 2 R M) 5 2k 1101, BT AEY R
5458 M E (streptavidin) 25 A, 7T LI B b5
HEBA S B RGMHEAEN, Zbric ki)™
2, i T in-vitro 5% in-vivo Fic; BE AT DA I — 4
A0HE A PPL, L ml RUAS I 2 A AN [R) 40 i Ry
pp1‘t o W5, Arman Kulyyassov KA Vedmabi%it
ARSI ) BAP A H 5 T Rl i AH (35 5 o i 16 ]
( liquid chromatograph-mass spectrometer, LC-MS/
MS) ,BJE Western ERIEAGIN, X FPHET BirA , 5 H
JIEY) BAP 1498 15 -25 1 JBORH B ARSI 7 vk PR
R EET AR A W R ALY B A ( proximity utilizing
biotinylation and mass spectrometry, PUB-MS) ,

1.2 BioID #A BioID2

2004 4F-, Choi-Rhee & AR BirA #3472 2R A
¢, Wik H R118G 19 BirA (BirA ™) . 5 BirA {{fg
R —FE A L, BirA ™ AN ZREE IR
FeA, RS R A= W) 2R S5 R N Y R AR 2 1 s
) f REFIAR S 2 LT 8 A R S L4l |
IERRE B ERE AR L ARG A
(ribonuclease A, RNase A)tHi% , (#1578 A& N FiAR Sk
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Fig.1 The mechanism of BirA The target protein A

was fused with BirA, a biotin-protein ligase from E. coli.
The target protein B was fused with BirA’ s substrate BAP. If

there is an interaction between target protein A and B in
cells, the lysine in BAP will be biotinylated by BirA in the
presence of ATP

kA GEYRAY ) R, BirA * 8 {5 B A
() BirA 2 IR B, 16 PR AR X 45, 28 R & A AR
PR ALIRREE AR o XF BirA ™ 1) S A 45 44 1k
17 X AF5H40T, K0 R118G 78 RENS b 2 MR AR
J % 57-AMP-biotin 454 71 % —H
B 5 -AMP-biotin 43 5 4835 2 (A 5 _E 911
iz , AN R 4 | Sz A IR AN S K 5 B B BirA
10 nm JA I AR AR, W 5/ -AMP-
biotin JEH AFaRE , 2P K Ak, o3k X s B 0 2
R TRRIC™ 22 SRR T 26 H AR R
5 BAP JPAEATRLG SRS 4 P B B bR
WIZ W5k B BiolD(Fig.2)

\\

() Q ©  Biotin

<> Non-binding protein
Q Proximal protein

Fig.2  BioID
BirA ", a mutant of BirA that has lost sequence specificity of
biotinylation. In the presence of ATP and biotin, BirA * adds
the biotin label onto proteins within the distance of 10 nm to

The target protein A is fused with

the target protein A

KB R, BirA " bric i B LR [E) 2 15~ 18
h, i J5 09 8 BT AT DA 7 28 streptavidin A 44 i
AR, e Bl o A 2552 . AL 2004 4E 3 2016 4,
BiolD B2k sl 2y iy FH 1 19F 5 Wi 2L )1 40 4 e R B 24
L ECAZ A Wy i Z2 Fh i 1 i S HARE T R R HE

BRI IE P TR0 AN A 1 SOk AR T ) 200 i 25
Fa L A0 28, 1 (B ARG 455 03055 25 I ) 45
S AR AR

TCVE 2 A £ 5 A0 MV 200 i 37 3 2 DI RE B 2 A
TAEREFEIT I, BiolD #R8 A4 T ARKAIVEHT, AATHs
BiolD 5 i R BB 1% 4G I H R 25 5k ok, T A
oS5 0 R R e 0 L 4 P R R A A A
FIEE (SO AR AL 22 4502 0 1E 2016 4R, Kim
S NHRH T8 AR BiolD, BV BiolD2, — 7 5 /Ny
YR ERER, X Tk A E. coli —1X BiolD,
BioID2 KT A. aeolicus B BirA(R40G) . Kim ¢ A
HREXT BirA 1 SRS AT 04T, R BUORE T 2
ANTRI b JE B TR S A b BAT AR HE R A
T A. aeolicus ¥) BirA % A DNA 45 & 4514
Bt 0152 Biol D2 5 A — AR L, BRICAICR
F e, BEAE T R M A ) @l A BT, T 32 50
C i, T 2R biotin B/ | H X483 8% (15 19
PRICACR TSR ™ Rk, BiolD2 # T ik 2 A
JU-AR P 4 i AOR TR AT TE B T
BiolD2 149449 3% {3 Bl AT LA T8 3k o0 95 767 2 5 o2 1Y
FAEHEAT AR A, DT 38 A [ BIF 58 B B 1 2 A
ST PR HE R /N, BiolD2 AT LA S 30 T RS o 1Y)
ey, AT SE LRl G 5 TR DO RE . LAh, 55 BiolD
FHEE, BiolD2 F) A ) 22 Ak 70 iRk = 35 ik, [
I RE % A6 0 3] 55 — R 32 e ol X LA ) R A A EE
R
1.3 APEX # APEX2

BiolD 4 V2 W FH 45 25 1 o0 E A 20 1) gl 2 18 1
WFFEAR TR J) ., AE2 TR AFTE A bR iC i 1)
AR RS, T Pk s ) 8 A ATTERE S i AR
B A [T, 7 223 5C T 2B AR TC AR5 7 12
7E2013 4, Ting 4115 WARIE T APEX Q%%
BirA ] LASEHE X 4RI AR 1B A PR bRt 2L OE
n Fig.3 iR, 7 A AL A (H,0,) MAEFE T, APEX
HEMAL A W) 2R - M ( biotin-tyramide ) T A4 ¥ K K
( biotin-phenol ) ;=456 A 1 H 3, 1] 4 75 3 2
R B A AR X g ST DL
Wi 380 s O i i 2RI EE , 55 A SRt
WSO, AL SR (Tyr ) , (&R (Trp) |, 2F LA TR
(Cys) R AR (His) =7,

2014 4 M PR APEX BOR 518 5E [l R i
K (stable isotope labeling with amino acids in cell
culture, SILAC) FH%5 &, DA R IE /D AT 2097 5,
ISR A 0] 73 B 02005 12 0 T2 il &
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. APEX
Blotm—< >—OI—I _— Biotin—< :>— -

H202 O
Biotin@—O + Protein —> Biotin @—Protein

Fig.3 Biotin-phenol ( biotin-tyramide ) catalytic schematic

Biotin-phenol ( biotin-tyramide ) is catalyzed by APEX in the

presence of H,0, to form biotin phenolic groups, which can proximally react with residues of proteins, such as Cys, Tyr and Trp

LA B (8] B ( intermembrane space, IMS) Y 8 H i
A0 FEZ ARG, R R 040 M 25 A4 AN 5 4l
b, ENMEARA R ZHL T RARSED . ik
WSS E T 127 P ORI I (B B 2 1 T, o 4
&9 Fipr R R B A, HEERESHRT
94%" . A4 APEX fill i 2 B0 1A K 5 2 4 )5 51, AY
Ting 1 BANSE 5 FH 12 7 22 55 8 T N 28 Zohn 7R 3L it
HY 495 AR BT, o 4G Z BT 5 2ok ik
AR 31 MR 2 APEX BR[04 H B 45
FRIC T ACHT B I, (E A A7 AR — 2 R s
APEX MRIAACEFFEMAL, BRI KT,
FRICAE YR I T SRR i bmic B b, &
AR A TOIE R I B, 7E F R IKF i B, X
MMA E ., BN, AY Ting A & BR, 2440 ) 28 k7 4
AN T B ) APEX @il 2040 B k0T, &
Sl RE

2015 4F, B T B — LAY APEX 4R, Lam
FUE L] A134P B LSRR EE N7 FHL APEX
HARED APEX2, b fiTF APEX F1 APEX2 7E A\
2 293 4fi ffd ( human embryonic Kidney 293 cell,
HEK293) 1 % 35, 7E biotin-phenol 77 7€ T,
H,0, AbFE 1 min, HH YT Z4A# . Western EfJ
AN ZE R, APEX2 [ 4 L APEX 558, [A]
i, 76 @ AEE T Mg B, AR 255 s APEX2 A 41
BIRFIB AL AR A HA R = 19 A= P R A
Pk, TEARM RSB 5T RE T BT A S, A2 s 1 R
JLAH L, A HAE R AR — BRI R IR KB, BEAS
FE APEX2 HAIEH @AY Rk, APEX NJL-F
TCIE NI )X PR R, sl A 2R AL ek gl i 1),
B APEX2 FElR TR 6 APEX HAR AR
AR T 1 2 SR B U A58 ) S, A A A 003 R
ST AR KRBT, APEX Hl APEX2 J7 B g%
TG AN AR IC B I, F TS R 1 PPLs R
1 S 2 L DX A R SR T B R T e
FT A, RS A7 45 210 LA G325 AR A5 A0 400 it X 3

HH,
2 HAuusPiatrid i
2.1 1f%-BiolD

WZEARUSAREARANE Y,
KRS DIRE, AP-MS BB % B 11 5 4] (4 4
HAER, A0 LME R IZ EAE TS 5 B, AP-MS
AEAS %58 2R 1 BT 6] A AR T E R e A ek %
FE S BUEME— S R A2 R A DI6E, P 43 -BiolD
( Split-BiolD ) J& —Fh 2% {8 F B 24~ J5 ik . BirA™
3 G TR A 235 A Sl T 8 S T I 9T HG A ) R
ICREST, o0l & e B AR F BT B, AT RIS ik
PR 1 5 T 2 A5 AH B AR R 0 T A I 32 B A
FE I BE () 3 22 . Isabel Myriam Schopp %5 A ¥f
BirA " ]\ 3 A7 5 BE AT % v, YR 20 5 B N S A9
BirA * —NBirA " fl C ¥ BirA * —CBirA ", A8 43 51
SN RS, 20X P RS 8 A O A
HAESE T N, 2RSS B Bird ™, M 2
PEALTE P . AATTSERF NBirA * F1 CBirA ™ 43 51 Al 85
M ZZIKEH ( mammalian target of rapamycin,
mTOR) ' ) FRB 4% #4 3 ( FKBP-12-rapamycin
binding domain, FRB) 5% K& H FKPB ( 12-kDa
FK506-binding protein, FKBP ) B A, 2 A E A
%% % (rapamycin) i} , FRB fE%¢ #1 FKPB A H.AEH ,
T SERE ) BirA ™, TEAMRMAFTET , BEfE 45
Fl A o BRI R

2017 4, % J5 ik g AT AR 46 6 RNA
( microRNA, miRNA ) 4~ 5 i) UL 2K 4 %, Ago2
(argonaute 2, Ago2) J& miRNA /UL ER A AH R
B, 25 2 AN EGYIIE A miRNA 5 5100
A% (miRNA-induced silencing complex , miRISC ) £
RISC in#k & A% (RISC-loading complex, RLC) , 1%
W A% R N V) B ( Dicer ) J& T miRISC, 1fi TNRC6
(' Trinucleotide repeat-containing gene 6C protein) J& T
RLC, i@l Split-BiolD £ AR, ¥ CBirA™ Fl Ago2 il
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4 NBirA “ 435 Dicer 8, TNRC6 fl &, W EE T
Ago2 fEARFE R A WA it 2 5 g
2.2 B BirA-BASU

2018 4F, Ramanathan %58 7E/F5% RNA 5 &1
J 22 1] B A B A R, % B0 —Ffogr B BirA 250004
BASU, iXJ&—F K H T Bacillus subtilis B BirA fY
GAMAK Fo BT N B 1~65 DR, IR C oK
Uig, 2 AR T BAT LT KA FF 1A BirA ™ # SLR K i
() BASU , i HLAE A K AR 10 Sy B RS0 2 1 hy, i
BiolD2 MIFFEL 18 h LA L fbRICHF ], BT 7= Az 10 B il
Bk Y 15 5 WA 40 BASU 58, £ BF 58 3iF B,
APEX2 FUFRIC I 5 BASU 251, {H & APEX2 7
BRI A biotin-tyramide B3 J& biotin-phenol
U H,0,, 23 3& A ML BE . 1k A T E. coli 1Y
BirA " BUAA AT DIFSE —Se8i =R Wb i) PPLL (E 24
LBl )23 2% , BASU W REAEHE S 1 31 ) 2 F i 8 1
000 %5 LA L, I8 5 W L 3 R 21 30 A5 DA L, [FIAT,
BASU f4ric 8h J1 24 Al A Al TE i ey, X
FUH ] R TR s R AT
2.3 ETZH HRP BI4BiEHRIE

B, Bar SR AT AP A R S
8, 75 | 310 [ 52 A9 41 i AR AR 4L 40 i A 41 2
B b AT R A 2R AL SRR i T
AR AP LT )Z A A / C SIS E
VEFIAL, & B[R] 20 20 0 A% 58 20 1 A5 A 24 K i A8
617 T BiolD iF J& APEX, #B a5 B M £ BirA
BEE APEX 5 H W& A ARG 5L 3kt 1S
Te X 6 T i iy T JRAR A 2L 3 23 IR 1Y
SYIRERL . R T v Rk S n) R, AT R T B R
PRS0 B TR bR iC i ik . P HRP
FE it AUk SRR I A ) 2 AR AE T A 28 A R
B A PUAR R R A A R A, X IE R
FRA BT AR R 50 A= 91 % 4k (by antibody recognition ,
BAR) , LA e PR B AR AT DRy
TR e A AR AR A R SR 20 B 3R AR AR
M HELTIZEA A/ C HEAERY
2.4 TurbolD

L3R40 BiolD Ml APEX 45:bric ik, # A7 1E %
Fic il B I A0 B A 40 M R 1 i fh 2= 2h
AR, TIFE 2018 4F ) Branon 551 T AT
P B 58 1) E AL 2 SRR A W) R GE B,
TurboID #1 miniTurbo, X 2 Fi i [k BiolD B{ # 2
BiolD2 (AFRICACRE &, REAEAE 10 min PX 41 M2
FRRENPEARC, W, Z ke N T

BRI B, H e TR, Branon S5 L
A 2R S TR0 2% D' I00E B9 40 I 43 %€ ( fluorescence-
activated cell sorting, FACS) &5 & 1 — & # 1k, IF X%
ZIRPAE ) — RV AR AT e, B2 A ATTAR
18 2 AN 2R . TurboID A miniTurbo, i , TurboIlD
£ 35 kD, AHE TUF A ALY Bird, A 15 A 578
miniTurbo 4 28 kD, FHAR T A= ) BirA, BRJe N
RImEEHBOT HA 13 NRAE, St WHoaiEm]  fib]
RBX 2 AR IC AR = T BiolD, 7 R MK
MR G S REE N 3~6 £, 5 BN aEIR ] 15~23
%, TurbolD 1 [7] BASU #E 17 [b 4%, 45 R & B,
TurboID 7 10 min N, bR i 8 F BULT- S # 18
h FRICH)—FEZL . 1 miniTurbo B 8K 16 P b TurbolD
B 1.5 ~ 2 A%, (HHARICRCRAS & T H A AR L
i

3 HBERE

BRI ARIC I B T B0 A AR ARSI A 23
5 A5G BB HOR R8s 4 PN 2 1 BT
REVRT A EAE ], I8 T — S8 DU I 1 i D 11
[A] 8, HrAIARIT PRI HE 1 APEX2 F1 BiolD2 FEFRiC
e ) AR B B ¥ KR LT, BASU B iF—25
FI4E 5 T RRICHT R, BAR TUPEE I AR 10 B 7 BBl ¥ 8
7 RN, ZESEEPR TAE S RATHR APEX2 £
ARFGCAAHE ] A bR 10 B AR R T 2R B A,
g% 3L SE B E N E A T, BRET
CABR TR R, (EARE RN, e X
BBy I AN]SR A Y 23 7 A — SR AR S R IR 3
9B IE SR B BT RE T — R, Anfar AR
SRR B R . HEDR UL, 2R
FRICHTIRIETE CEUR R, JOI 20 ik Lo | i 2
STl SE (N NEOE 7Y M 2l = ATk AW A = Wi i3 )
AT Tk,
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