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T LI 52 2 I 24 2 TR Z2 550 A ) Ak = I D =4 vy
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DNA/RNA Z [A] A EAEHT, i GEHE 58 AT T30 41
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TETE A ARAEE, PRI K PR 5 2 A DL AT I e i3
5, S EGE A M xE LA T o8 R AR 1 B A A
Mo ke, BN REBUITIF & —FhE RIS 40
FIUBEHPRMCEAR, R R S A BT AR TR
bt B bR A B ST AR, [R5
RIS . R BE G B RICR . ZBR
A% OTE T A7 S —Fh R T3 ) AR iC e, %0
240 B Sl A1 e T |9 o (12 N 7 T 4 i)
AR Y BT 0K, PR Rk iC i —
R W) R L (promiscuous biotin ligases) 1
BAR 1 AL W (horseradish peroxidase, HRP)
B ok o TR R IERE T AR iy
L ) R E AN AR SR A B A, A
AN SR A AR, Azl e E 2
R E R, HE S AR T M A A Y, SR
MZBERIC S 1A RCR R (F5240) ¥, HHR
LRI T A ) 3R - MR PR TR (A, (HZ A
K B, SERMCE R R, Rt
B2 o 5 — P HRP TAE I 2 A1) A2 it A1 S i
Bebric iy i o, H R R I e AR, HL
HRP 7 Wi L 20 ) 40 i 57 v SRR e = 3% v 70 i
X R R N AR B RER, Rt
FEN AAEBCHER E AW ot bl , (4R D IR AL
SR, (R R T AR E MY B
PESAR, TRERMFZHMIEAEY ZIRCH
Ao AR R ICHE AR WP EAEY K,
ARACEARWH = . K, A3 B Rl
FOR RS HE M A [ B 25 R 20 [ B9 AH 5 AR
PR RACR, IRl A B = g, BN
AL BRSPS A

AL T JVEA R4 = brid
BORBYIE BB, 4 T &R BRI BT
AW AT BRIV, DA 4 T R BAR AR )
RARCHR AR & TERE , o A A
FHRAS TR 2 BE RS AR TR .

1 DU REEE A BRI A

1.1 BirA-APXBioID

2008 4R ST N B3R AF I Al M R AR e A N
BEAR, R TEEDRCE AR, HFEH
(1) & —FE R E A (BFRE )
5K FF o i i 0 A= W) 2 1% 4% (E. coli enzyme
biotin ligase, BirA) Fll{53Rik, [AH <8 & H
e BirA 1 “3Z24KBK (acceptor peptide, AP) ”

&Y, 5 BRI B AR AR Bz ) R AR AR EAE
FHIE, BirA $55: PE 1L AP 7 317 A2 W) R LB
T ] A M R B R T R 3 (el A e Y
i VR ) 7 5 2 R R BRI SR A I A 1) 3R AR AP, X
LRSI E N R 4L IE S E$7 S e
k)G, 20 SDS J N M It e e e FL VK (sodium
dodecylsulfate- polyacrylamide gel electrophoresis,
SDS-PAGE) i &b B , Ff ¥ 17 F % (mass
spectrometry, MS) 8T, FIFHEE EE R TS
W A B By o BFSE N B0 BirA 7 3 08
RGN (radial glial cells, RGCs) LBk E
= ISR 78 5 S DT e d AN &1 S S VAW @ )
IE S anfar ] 4252 e j J2 N T IRl R P2 oo i B 5
Hedn, SEMIRIER HAE R B2 2 R B R ER], X2
SIS liNa L7/l iy R s NI = .3 I I TR R % A N Rl
MIS5H 5 B2 )2 B Z R OC R P

BirA [ [a] U7E T H6 PN IR MRS ) B s B e
S, MBirA 1= R ALE] B, HA SR
VR PR BN E YR A ATP 45
GBI RE Y WE-5B-AMP, 3% AHIE A0 A= 1) 15 B8
TE BirA {GPEN N S5 2P sk AR 5 AP
FRRE S PR R R SR R 1 ' AR R AR AR — A
brig 15 HEr & AR A BEAEHE AT, X
WAL o mER” LS, WERE S A
559 . BRSO EE FUBOA B, SORTaE 5 7 ) 2
VeV A AR AR R S A L i T O £
XA, BirA A SRHGXFG L AE =R
Fir UL H R UNE T AP R T, ANRES Iz kA T
oid, HEXAMHEATEGIAPWAMAGEAR, fAR
MEREREE

J T f Pk — A, 2012 4F Roux %5 ) Bk T
fitf, f#FH BirA*———F i TR A4 1 KA FF B BirA
YR E AR, BirA*n] LB S BT &
FIRLG, MR R A &, FHE AR
i ¥k BirA* £ W) AL BT X Rl X AR ) R AR -5
-AMP ELA B 55 SRR T, Fuvr H R 40 i T v R
B, ARESEATAPLES, Kk Hda s
BiolD (E1), HimidF&E/NT 10nm, ZJf5, #f
FENG SO TG, TR T —F/NRiR 2
Y &5 BiolD2, AHELI S, BiolD 2 bRic ik
PR, TEAMRNEED, FRCE R
B . BiolD2 AN i 1 AR Y i
PIRERi A AU E R U U AL SO PA R /N T R Y s i R
PRSP
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BirA-AP HGEH T 50 0E 2 A PPI, HX Fpix
IO R SRR, 1 BiolD U AT AR S s AR IC
R BT, HICR R E i SR 78] (R
AP), [Hfi BiolD #H4% T BirA AR KA, (HIX T
HORWAFAE—LE R, HARICH R A, 7 F
2218~24 h (HBTELEHEKEIE) MAEYWERBEA
REF LR R LE IR, HAREAR A MU FE 4

A.BirA

s
ﬁﬁg AL AL
B. BiolD
: ATP+HMIEE
é‘ﬁ)&ﬁﬁ >18h

O3RN B SO BRI R, tnTRES
B CARM BEAE R A, SEURAE SR
PEZEI, BT DAASE F PR S B R (Y PPL, LA,
BioID 7E 37°C LA YRR BAR, X0k B 0 R A
B BEAR, ARAEAL IS PR L BiolD $ A ME LR H T
RS R N e e O BRI L
TP Tk

O EWER-56 -

ATP+EME

ATP+A4 5

Fig. 1 Protein proximity labeling techniques derived from biotin ligase BirA

B 1

ETEYFREHBEBIrAT ZHERARPIEIRCEAR

BirA (a) AiBioID (b) WIVEFEHL, AP. “Z{KJIk (acceptor peptide); ATP: =#§fIFH (adenosine triphosphate).

1.2 TurbolD

H T BiolD £ ARBl /1225218, Tkl i 4
FFFEAER, S8 BiolD £ A AE T %6 i F s
H B AR IESE s T 25 F1 I BiolD 11 i
LR V=3 | I = LA 2 NI (1 O = W
(engineered ascorbate peroxidase, APEX) 2 [ & i
RS, B9 N R AT T BirA (9 5E ) #E1k
DL A B iR A28 A . fdi Fl PCR XS BirA-R118S it
TTRAE, 77 T 10D RAMKE, BN R A A
X TR 2 2 2 B R 548 . H % 2018 4F,
N A BT A W AP =5 24 BiolD YR A2 R A8
{&: TurboID FlminiTurbo, FIFHEEEEERFEARLE &
¢ MGG 40 M 43 3£ 4L (fluorescence-activated cell
sorter, FACS) ffivk, Jo 4 A= bnd
Wi, 28k 29 Fer e AR L, WK AR W R AL ]
7 1 18 h 4RI ZE 10 min, 3% 45 42 5 07 06 7™ #%
P, 2RI TR AR AR AR, A T B A A

BirA, 43 5iE M 35 ku ) TurboID &4 15 %45 ;
1M 43 1 5 42 28 ku A miniTurbo, #H % T % 4 AU
BirA, e Nungsasl H 5 A 1340548

5 H A AR T A= W) 2 3 FE AR G I HOR AR L
TurboID 1 miniTurbo H-A H P i) b5 10 80 7 27 Fl
AR & Y AR SR AR IE T R 2 10
min 2/, BEAS LA T (R 14 R R] 43 R 2 1 5
&AW F 2 . TurbolD 8 4L 1Y %4 % H BiolD B{
BioID2 %%, BiolD. BiolD2 FIBASU fifbj5, ‘&
WIZEARICAE | h N TSR BRI i, 350 e A B L
ZIE6 h g ARB AR HE, ML,
TurboID il miniTurbo £ 45 10 min A% 2= #) Z Fric Bl
AT TE Z2 850 JL A s A A s AR R A . AR
% T TurbolD $ AR KL TRk 3 WA R A2 1 2 ] HE AL A
PR, AR SR A Wy 2% i el v e R v Y
P ARG M, HL7E N ot A I v B O PR LT
BioID "', MAEALPERERF , miniTurbo M L%
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PE{LH TurboID 4 50%~67% (1.5~24%5225), HH:
XA B R AR, 53X miniTurbo 7E 6 Z (5
W SNEAE IR B A ARG TR d . ER Ak
AP Z R, miniTurbo bRic /K3, JLF LT
sohRide MAESMNEAEYIZMANG, frid o RIZIS
Bl XFURE R R E ], AR Tl
A REIFTE Y MAT T, TurbolD m] A FH 24
MUZEHRSFNAE YA AR N IR EAE Y R, TETCAMNE
YR INRIAT RIS A R A TE R, SCAT Hpsk
tRic ", bz 4h, TurboID FI miniTurbo €% T
e 58 5 e IR S R, ZEAR T 37°C Y AR
TRR AR AR M, G TG SEE . BERER
) 45 Z2 P AR R AR W) AR R E AT AR IR AR W) R bR
gt R, TurboID A1 miniTurbo 28 25 & B
P BRI bRIC sl J2ERE RN R
JAHEARE FHATF 7 () BRAR T L 7

{HJ2: TurboID A7 7F— 22 i Jm FRAE o A S i
T, TurbolID 4 = 1 PR Rl s A= ) 25 26 ALy 235 | 4
Mgt M N, TurbolD 3% fE7E T gAY BTl
g, A ek & S 80 AR YR L R
2, ISR A R E R AT R AR
N AEERTIRE N #h R R 5155 TurbolD
Fik, 504 TurbolD ik (W PR T ¢ HA sk & B
W, XFPREPEAR RIS . A, 7R IR LY
Hiffirfr, TurbolD FRict i Ml T 24 h GEEEEHEYEN)
10 min A1) B, BN I i AR
WERl, dEms| A A KR Y, X — I 4R
7N, TSI B A kb 2 IR W o st
FHTEERAR SR T E R IR E AR (41 BiolD 5%
AirlD) A BARH D 0 TurbolD Y il % M 5
T BiolD, HARdHCEBERT, (75 10 min B A]
IKF[ L BiolD #Ric 18 h R HYbmic e . JRE %R
TCEARMELURS i i, (EAF TN BOURER B LR ]
FEAPRE T 35 nm, X AT RS RO AR BEAE AR
FER . B9 ABUR P, TurbolD 75 = ik A= ) &
™ HEA MR PE, W0 7E HEK293T 40 iy H % ik
TurboID Jf-#b 7€ 50 umol/L A= ¥ %, 404 K ILT
SEARE A

Bt IS IR IBTR A, BHF9E A B2 6 TurbolD i
T T, A2 EAR. 20174,
WA I & T Split-TurboID 2, Split-TurboID J&
— N T EE, v DIAERRE A T E A A
B, W — AP W R I B 53 F) B Turbo-N A1
Turbo-C A ANIEHBRIY 7 B, FEAMffIrpAEsRik, 4R

JEIEA 25 Y . B PO EAE sl A Mg R A e A ]
T 2H %6 IS PR B TurbolD, MM & T 45 F e
PR HE R Z D aetE, T 40 bR 25 (Rl A 2R
HEN " (B 2), Split-TurbolD ¥ 1 M 1 17t =
F Split-BiolDs, #: % H 4K BiolD B Gk 222, #Jf
TN G K& T Split-TurboID A 35 A1 S (4 T
PPLIEL ) Flwm 25 ) R T PPLIY E AL )
PIASIUAS , AF— RS 14 Split-TurbolD # il LALEAE ¥
FIE/NT 1 hpEO F i rhric = BT, B
Split-TurbolD & 55 3l P4 5T [0 Zie b A4 12 fi 57 7 2 11
AL DY 2021 4, PR T 55— R A
ProtA-Turbo (] 2), ProtA-Turbo J& il & H A 1)
L8 IT A= W) £ % 2 i TurboID JE 1 1Y) T 2H il ProtA-
Turbo, W HIZEEFF & T —F IR &R L A= ¥ R b
Ok PV B SRR S B E RS A,
ProtA-Turbo i #3  [1 A i Bt S PR EEESS &, Uk
WERBRARGE GG, A MR A Y 3R =k
TR MR # (adenosine triphosphate, ATP), i [T Y
EHBBAEY RN, RANA SR S S
FALEN, I WA RS G B B HEAT MS 43
Br ', ProtA-Turbo £F3r A= ¥ R bricH AR A
PAE T AIAE 72 h NS AT B GE  E H l (H AR
BEF) AP & BT g, BRI
B

ProtA-Turbo ] 7E JFACAI AL rh iE A T FE S A
B EM A R IC, PRIATR gy | st iy
RIEERAE, ProtA-Turbo £ AR JFUU - w] i FH F4T ]
YA, JERIgAR R ENAEY R, HTE
7R BT N A B 28 7 A RS S A Fp R
Jig & A TR Ay THLE] 2 S5 A PRI B A R S
PEUIAR, LT TR B S B M AH DG 2R 1 BT 2
F) 53 (B ZHSURFAE 1 ProtA-Turbo £ AR FE 25 [ 5 1
L[ E RIREAS, 281 HRP ) 5{ APEX2-ProteinA fi
G S REABR

1 RNA: ¥ BER% R (ribonucleic acid) ;
ATP:. =M%+ (adenosine triphosphate)

ULAE, TurbolD 744N J7 A5 2] 1 )12 Jif
Ho FEAE ik &, TurbolD 7E = IR T
B A ARIE PR IC e, HARCRCR AR R
TG R E M (A1 BiolD %), TurbolD fEAH
YR, TR R SRR K
MBS W) 250 T SRR S B S AhRIC , AT SZ 2R
SLgRSRAF (AR RIRIAED) , R A R AT
RIAT e 58 s A bRl V. AR R S ) R
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A. TurbolD

ATPHEE
_—

<10min

B. Split TurbolD
nﬂ‘bo_’v eﬁ = s
ATP+E4E
! <1lh
quto0

Fig2 The mechanisms of TurboID @ Split—TurboID * and ProtA—Turbo
2 TurboID - Split-TurboID#AProtA-Turbof{E F R &

Girh, TurbolD 432 A Zh W H T4 2 32 A& N £
Toll-Fi4r R -1 ZAR- B R4 G E e AR E R
J¥ %1 (Toll-interleukin- 1-receptor-nucleotide-binding
leucine-rich repeat, TIR-NLR) #f & 1F £ H 1) fi#
Bro KM TurboID &R AE M) RbRiCHAR . 45655k
PR aE it 2 BT 2 (0 5 3 0T 1 A 28/ 4 S ] o
s 25 A X A48 X6 g 5 R (tandem mass tag/
isobaric tag for relative and absolute quantitation,
TMTATRAQ) ) FIMS/r#r, RGEEEHEZNS
B0 5 32 AR N R A7 76 W8 78 A7 AR A 468 3 48
BT
1.3 AirID

AirlD S —Ff i HI 98 3T 2E ¥ R A6 53 B PPL I HT
IR, BT BiolD Fll TurbolD 1E K T EAF#E—LL J5
B, BT fPuX Seln] @, Kido%F ™ JFET —H
BRI A Y R R ——AIrID, A
it o AR R R ) 5 DR 2 i P2 40T, LB A
AL T HANAH G BirA W AR (A, 45 B 1S H AR A
EN=7 T v NI = S TR PR € Tl N 1D

AirID 7E SR 20 A 25 S8 A= W R AL PE
JL4E BiolD il AirID 2 [8] (177 51 AR UL 82%, {H
& AirD XA AR F 2 B B T i AR ) R AT
PE, R ARSI b RG] PPT >

AirID 5 TurboID A [, B 7 SE K AR ic 1) i
EEOLT , BT RCIE R SR SE AN Ry 7] BE
PEWARAE . 7E 55 TurboID A1 [A] B9 48 1k 4 1 F
AirlD AR GFP IS S FAE R A . i 5ok
MR A P UL UE 5L % (streptavidin pull-down
experiment) A1 & A 4 3% - & 5K i 3E (liquid
chromatography-tandem mass spectrometry, LC-
TMS) 0, & BLAE B S FAS E R s 40 i,
AirID filv A 88 1 BEE A X 25 Pl B F 2R A T
RIS, TEMRATP ¥ EE (1 umol/L) T,
AirID [t TurboID B 5 I iAW R-5" -AMP,
2 AirID B TRMRE AR (B3). i
FHLC-TMS X A= Wy 2 Az s 1 73 BT W], AirlD A=
P 25 A 0T 408 3 1) 2 TR Bk B T A R R Y 9
G o P, AdrdD SR T EAT AU A Bl
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PR, AR E F BAH EAE R, sk = aT iR
R IR Gk L, SE At A RILBL, il
AirlD $2 AR B &5 PPLAR M AR Wy = AL i ERf M. R
ff, 5 BiolD #l TurboID AN[A], AirID H AT i E F#AIG
AR RETE L I A ) A S FAR T
H. . B SR AirID #H e TurboID #5ic 3 J& 18, {H
AirlD EMdi7E 0.5~50 pmol/L fiAE #) vk i R Amic 3~
24 h, tRicgE RIS ERRE, A hBURENER
Bt EEpRIl 2. B TERR Ak sk W R m A5
T, FaE£IE AirlD-IkBa il & 8H A S5 I
A AT, FRBA A AirlD Al 8 2 A 3R
FARAITENE 2, i AirID 3& F T4 P8 A9 40T A 9
FALSES . BT 5 [RIR S U SR A
9%, BFSE N B XOHF & T AirdD i 19 4 4 A
splitAirID. 7F splitAirID H' (B 3), AirlD fif i) N
s B (AN) 5 —MEHE RS, Clinlh B
(AIrC) 5y —FHEARE . M EHEAM
HAEHRE, AN 5 AirCH EH AR E A Y E
MRS Y RO RHAGH Y R B
RPN ST 22 K B —— B AR I Tl
H R BRIZERIIRAG, wdkeH kA BabEH . HA
MW BN Bos s AR AR E SRR, A REK
BIite, EEYREERI RS KE R
JOARIT AR 0 X T T RBRE R S A AR 1
RILBS, CHIFHEN —RIbn A BEIK & 1
WM, IR PEPEAIN 5 [R5 08 = R AL s

A AirlD

B. splitAirlD

AirN-Bait AirC-Bait

THAHEAE I T 27
AR Y], AirlD H AR AL RN R+
SR TEMEAR DGR SR IC T, M E S
o G L R WY v o =Y M UL SRR U
(olfactory receptors, ORs), HIDJREM:FiA KL HL
i F 52 Kk %% iz 88 H (receptor-transporting
proteins, RTPs) M5B, il AirlD B E R bR
WA, I RIF 5 E T RTP1S 1 ORs (1 4H H.
PER 2 AdD R B T3R8 e A K 32 1k
(epidermal growth factor receptor, EGFR) 44l ifd
A LT -3 B AH B AE - (extracellular protein-
protein interactions, exPPIs) HIf#HT. K AirID ) C
uii @l A %2 P EGFR f*) Fab K Bt (Fab fragment
against EGFR, EGFR- FabID), SZFL T 78 Fh4iie
F R SRR IC EGFR R4 X Sk, 454 LC-MS/MS
737 EGFR- FabID, 7€ i £ EGFRAHEAF
FRERFN e A B AR AR, 39 IE T EGFRAERD
PRAERBIR A T 1Y exPPIs PIZ% 22 [, AirlD #
RN TAR T A R Ry PPLEEE , % AirlD £¢
RGP AR B B AHSS , WE—1

FH /N2 T AR 1B AR 7 R G A 7 19 7124 EE 40
N A B AN 51 (20 000 A8 1T
BRIES ), &R A V) 3R % HE Mg AirID Rl (%) TPS3 il
IkBo £ FA7E 1 536 FLREEAR L 20 500 %ot 4 5 A AH B A
MEASET T AEwERA, LT AD S EHEA
(TP53/IxBa) (IFEFNARITARIC P,

Fig3 The mechanisms of AirID and splitAirID
3 AirIDF0splitAirIDEY{E F /R I8



XXXX; XX (XXO

FHE, % PEEMRIFERRNERSEA -7

& F . ATP: = % MR I H (adenosine
triphosphate ) .
1.4 UltralD

UltralD J&— Rl ARFLU/IN HL 5 16 M A 20 A= 9 %
MR . TR AR A Y R AR A VR 2 )
B, BRI BirA J&—FATRE K 1B, BHASAH
RS A RIERENL, RN HARCE 4208,
T RIGIF BB BirA 22— 12ERUT A W K 1 il
‘BHA 1 N DNA 85 G455, 245 BTr 45
SRR A HS A RN, IR Bo]
e BN E A AR PR SE A 07 2 DNA sk et
JEAH HAE A 1. TurbolD 7 [ 15 35 3L i in &g 41
FIEYI R Z T2~ A m i s brid ;. miniTurbo 97
BREE A, HEaErE2, AirlD BRI EECH T
TurboID #PETE /N, (HATS R 5 ZEH/ N 1 bR i s
] BV AT B R AR AR R AR A A AR
W N GCRHIAR R B BT & T 45 Fpi, Hp—A
/NS ) TR B ——UltralD, 3 B 7 W80 58
e (E4),

5T N D B 128 A ) 22 3% 12 BiolD2 1) C ity
SRR, JRTEA R S5 A S5 A LR R40G HRUAR
BN ERAS (L41P), Zeit VL B T
FR, A58 T 7Y UltralD., UltralD /4 T f2 1%

BioID2 v (Ra06 )— (Gt

UltralD

UltralD -.—(R406 (L41P )}—.

TT AT BB AL — a7 AL HE B 18 15 3 1 T 2R Wi 9 41
AV RCEE S R, 0T ERT A
B SERG AE Y RES A S A TREMLIAAS T P A
TR . UltralD 5 HA A48T A= 4 2 3% LR L
HAWZMPEHE . 10 min (4 UltralD F5ic i 6] 5 i
K1) BioID Fic I A SR 4235 — 3 UltralD KL
Y5 TurboID HH AL il 8l J1 2%, H 35 5000 MBI
UltralD 32 R7E M AL Sh P An i 5 324 . KA AT o A
PR R v EA 7 sbRid . 164 M1k, UltralD J2
ATHFARIE AR IC N . A S 2%
YW, JFE BT REAE I 1] 43 B R T 0 98 A H AR
A B

B £, UlralD B &I HE N, BF5E
A DT UltralD B9 FFVERR 1T —FhikH077%,
i B AR A bR IO AR T AR Ok A
DNA % % X J% (DNA-encoded libraries , DELs)
MECHR, Ll AR AR (YR ETG)
X SZ AR 9 A ) 25 L AL il Ulteal D 7 EAL, 7E
DNA 2544 EFTIF s A P R alifbhnsss . X phisk
AT AL 1, ML T DNA ¥ # Rk
(PR AL TN B3 . ATAE A DELs 43 & PR —Fh
W H ) TR P

Figd Mechanisms of UltralD
B 4 UltraIDRY{ERRIE

& . ATP: = B R ¢ 1 (adenosine
triphosphate ) .
1.5 RNA-BiolD

RNA 4B & 4 % £ & (RNA proximity
biotinylation, RNA-BioID) J&—Ff {4 P &E % 15 1]
5 mRNA & (el M H FE R B g . fE
% s AH B AR 2 B AR IE A R AR IR .
RNA-ZE H A BAE e A Y b s A7 AE, 7R
TN RE PR G P REY 5% I AR AR
F 2 RB S 45 A RNA ', RNA-8& 0 AH B 1E

DR 2 JH 1 i R R 1 . AR 5 i S AR TR
Ik BT R, AR FH A B RNA R 4 il
S [ g T

RNA TEA IR i BAT B A 454, X e
M TERA R G2 CEZ, VAR RNA-RH
B AH H A B J5 ¥ . W RNA-MaP 1 RNA-
compete, Ty & 1A, HAETEAHM T RNA-&
FTOA BAE R AR rh e it T Y AP DLk
BT RNAG A EAHITEE, FrT5iEEN
(4nmotor ) N HERE . BHIEHNHI+ . RNA
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FE VEFE 3 P AE AN B F BT, RNASE G
EAPUNREMESE, M2 mRNABH . AT
WA 25 R mRNA A2 EH R, 5T
MS2 % FR3E AR RNAARICE A, 78/ UM BG B AT 4
M LE LB E T (B-actin) mRNA A9 3"IEFH PR X
(untranslated region, UTR) 5| AZ>MS2 RNA¥x
%, I MS24h5eEF (MS2 coat protein, MCP)
5 5 ) BirA il G 3R 1K B BirA R gt
SFHY B WLBH 1 mRNA B9 3' UTR, #5377 RNA-
BiolD AR, IZH ORI R G4 E P42 mRNA E (LY
FHETNREHE 11 . RNA-BiolD H RJFEH (E5) .
TEAM TP A EI R, BirA ¥ LW 2544k AMP-
EWRETIEA, TR HIN S S BIHE (B2
10~20 nm) AYHERREE I, 5 MS2HRICH) B LSh
1 mRNA B3 9 & 1 A A T R B = fke
fpA)S , AW R A AT LA B R R Al
G N R AL R R, RS PRI TS £
AREFT S P B XA I, A E SR
mRNA 255 B 48T 18 H 5T, A5 B #5725 mRNA 78
20 B PN ) DA ML A s ) A

M TR g R s U E (co-
immunoprecipitation, Co-IP) J7#:, BiolD g5l
Sl S WA E AR LA IEE A BT, 3 AT BB T4

JTee 2l H G TR A BAE Y . TR
WFFE mRNA AR A= v By, BiolD A LAY Blyil
Bl 55 2 OB % & 1A (messenger
ribonucleoprotein, mRNP) #H 3¢ i) Br A3 £ 11 Jii 21
g, ABTAT T mRNA B EEEALE . (HIX FR
i A B, BiolD Al RESSHRICEIBLETF AN H
IERVEMIIRerEE SRR, PRS2
ZMAERE RS R . B2, RNA-BiolD 424 7 —
T E, HFIRBH mRNAME/EHESH, JIF
£ 23 (AR (] 1A 5% P 6 P mRNA A B4R 2 E
FRAHN BhA A, AT LA AR S 40 T Y
HBEPE mRNA A EAE I

H il RNA-BioID HY I HI AN 2, #5741 1 #%
RNA-BioID 5 ChIRP-MS # AR &5 &4 i, MM 4 5
5 K F 4E 4% 15 RNA  (long non-coding RNAs,
IncRNA) HOTAIR AHICHR A9 35 H 5, 8 ad b 7
G, MR E IR & . WA
HOTAIR M1 HAF IR AR . #F5 43, HOTAIR
MU EMBFEFHELZGY (NMEZhibiad &Y
2 (polycomb repressive complex 2, PRC2) Flifi %
R4F L JERE 1 (lysine-specific demethylase 1,
LSD1) ) MEAER, if 52k Az A SCHk
W] HOTAIR Al ABIA AT — Lol 37 T AL SR 5 422

B T R L RS AR
A
P NS Lo f
/ ;c.‘“ “.~'; \ dj‘c "“i;_ l) ATP+%M%E
= e e eeee——

MS2 MS2 MS2 3UTR

5'UTR MS2 MS2 MS2 MS2 3'UTR

FigS Mechanisms of RNA-BiolD
BE5 RNA-BiolDAJ1EFRIE

. P-actin: PHLEIEEH; MS2: ZEIRZ5H;
UTR: JE@IPEX (untranslated region); ATP: —f
R IR 1F (adenosine triphosphate) .

gi b, AR AR E AR ICBAE 104 A 1
WATAE RIS, ST S 4 M X PPIs A4 4R
R, REMETE D FIK TGS PPLs, kb IV 4 i 2K 11
AR EAE MR HE T HOR SR . ARIHEAR S A
HALBk A, BiolD S M #EPE, HHARICHF

(75 18~24 h) FAEMIRMAT=WIG; 0 T 9w HAE
HOR, MR AR T TurbolD, A IUAFI T & i
PEFIE A SRR BT, (B HA T, 2
MHI AR O TR E, BRSO T
AirlD, RERE1E IR AR W) K T SL IR AR I
RARICH EFERS 3~24 hy T4 E ) R bRic
BORBEHIE, BFFEA R T 207 B /MY
UltralD, HAmicif e H o $od EARiT; A T #i



XXXX; XX (XXO

FHE, % PEEMRIFERRNERSEA *9-

AR MBETRGUR, R T L HF RNA-FH
HAE ST () RNA-BiolD, {HAE4S: 5145 4 1) 3
R LAY R T R A AR B H AR A BTG 4
JEE AR ICE AR, RERSTETS 4 h EF T hR I,
HAFIEARZ B M EREN IR, A3
Rl AE Y2 S BB A

2 EYERBERPLBIERIEER

2.1 APEX

20124, WFFE N Bi 3T HRP B9 A 55 iE 4 1 A&
T APEX. 4 HRP 7EMHL3hH 40 Mot P v 3Rk i
SN, O T AR A R PR K Ca*
B IRAS, JO I R S T O BT T Y 44>
AR 2 Cat B AL S HIER T S T iR
X —[A] 8, AFET N B IMAT 260 SR AL ) Tl A R e
H FHRREAE IR A DAy A SRS PRI L L, A
PR gzt ALYl (ascorbate peroxidase, APX)
AR —ZER . APX & — A Y K R A9 i 1 41
ki, BASFRa/h, NS A ca v,
PR L B b AT e 0 2L 30 20 o o) P A
IZBERIR A RT3 = sl oK S bR i iR i A
Y, BRI TR BN, WelfE S g
B A 2 2P IR 24 hn e il Y. HUE APX
JE— R IR, IR R B R AR S PEL
HEETR AR E A FIIRE . BFFE A G APX BYJIK
Was G AL RS HRP S5 6 00 s - 7 T i, kit
HRP AR5 127, H 555 & AL YK
WEETETZ Y, FIHE AR TR APX 1
Ak, I\ HRP A6 P58 007 41 B 7 5% Fe gl A
APX FUTE AL AL, S Wi fS 5 2 mAPX+WA4LF
(K14D/E112K/W41F) 248 {& , R H §i bz FH 89
APEX. W ZFEMIE, R APEX Z#l /YR
PRSI I B e 4, B XKH TR EY RiE
LRGN FERE Y BiolD, i % 8%V ML T3 S AL Yy
IEBITFRICH A

APEX B E S AL R B 177 A= W S A 2B e 5
W (<1 ms) PYRSAEEF 2, PIRIL3 KAFNE:
FricA2/h (<20 nm) 947 s v . ARIES
B XU IERES 5 E SIS, K
MR (tyrosine, Tyr). fA%X (tryptophan, Trp).
AR (histidine, His) FIEPEERR (L-cysteine,
Cys) RAFERIESAMN GG 0, XA fb 2 SO &
ik B e £ 5 O ) ity 00 3% 057 LA 1 min (R[]
SHPRRARCAMCE AT, A MS e B

JEsy, FANT AN AR R B 2E . LR
VoA THAE AR TR, A S g mf(a] (hnm] kA
WARME ST BB ), HEARTR R, H A B 40
Mk, M TEG SIS A R i BA
TR, W A DIAE A RER AR RL I 25 (R 4H 490
WFFRIESS, XRREOAR AT B e, RS
MM bR IC R, SEREAR B T RS A A
MIEZER, Ji— AN ATE TRERE AT O S 2R
H a5 4 B (BT RR . & E
APEX 2V iR AR 34k, H Y APEX 7E N Jit 4
LR P IR, S RBONEMGGEEL . R
TR R, T APEX SRk il e T
A% (electron microscopy, EM) Kl Frds it fx
K-

VB — 2B A7 5 HRP AU Y ) 3% M 1 38 F
AN i E AL I, APEX 8 5h 200 Ak
Yi2E R Mo APEX AR JE IS FH LA BFi 5 4
WamrsE i (B 6): EM R4l Hr vk & A e
A7 7R S [ 4y HER R AL AT B 2 FEEM 2R
HRENAN R, APEX L RFEA N5 AArEH
o OB A R K, & A OB ORI
(diaminobenzidine, DAB) #1 H,O, i W& &b BR T,
APEX n[ {4k DAB % /L R A FRHRUIEL, DAB %R
AR R A T ECE I, E B AR
NS TE R E R EM AT S 7 eSS RS
JRAL MR, APEX A Ry — Fl 3 PR 1) A i
AR, ATRRICAIE 57 B8R 1) A i AR R A A
Yy, 205 AN MR AR 2R I HLO, A7 254 T b
FE 1 min, APEX i {b/E¥ 2 -0 &4 14
b, AR R, ZH AR
IMbric APEX SR A N IEPEER R, Mol i %
B R M2 BR B AE A5G Pl ik B T S AR 1
YogE o

APEX $7 A N FH 3 R i) PR 28 A F H R s
o 4 APEX RIA/KF-HARE, APEX 5 DAB [
(HTEMAM) siAwR-B Ry (HTEARA
SEOYHT) PIETETEARAR TR IR . 7R iE il R,
AL B B APEX R /K PR A X A (], (EXF
TUFZm AR, SFRIEAPEXEAEN . Xt
APEX RBUERAY I, 5T B R B R R By
ARE5A FACS i ik, 7E BB 41 i 26 M 4234 10° R
] 1Y) APEX A8 1A P, 1 3 FACS i 06 3545 = sl Ak
HEYZFA R A, o A134P B 5 R AR )
R AN PR M, A R AR IR R, %
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ALIRAS B i 44 4 APEX2 4, APEX2jii i A134P
RASSIIL T Z BRI, s T, AR
M KM LR A G Re ST, JUHXT S HL0, bt
Pk B0 T 2, (5 APEX2 78 40 g B ] ke
APEX i, H4b, APEX2 LT Gk Bl 7=

A. APEX (HLF SAsLBT T 4R 4 45 1B H BROE D)

B. APEX (%[0 7 ¥ 8 HURA 504

N7

MEEA 1,0,

EmE ©

AEEMXT LR, SCRFRTEFILEF gL, s it
BB TR o ARBS T BN | A0 2 25 ]
vk, T APEX2 W] B HULEE S H bR 8 H By
A A RE o AU S T

ot 5
0s0,
- EREAY o) TS
DAB |

Fig. 6 Mechanism of APEX

B 6 APEXHY{EREIE
EM 410 AR S 2 1 B 57 33 [V 43 W 1 R 2B 2240 BT

2.2 TransitID

J¥ 5046z i 43 HriR il (trafficking analysis by
sequentially incorporated tags for identification,
TransitID) & —Fh eI 4 LK 25 (8] 53 BE2 T
B B2 A IR AR 1 s i R AR B 7 1 o &R TR
IC RIS [AME BRI TR B, AR T
A T2 XA 5 — S I A X, 5
A2 55— AR R B s shif s B, 7ETR
RAFRRE AR /0T TC 3R AR 1 ), FRsepiyy s
£ TurbolD 2 A 5 W4 il DX Sl ke Stk o3 b, e ar T
U NEER 7/ Bl S YOTE NSRS 2y 7 S i - S )1
B WA B IX 8 0E 47 TurbolD ARic (WA FRIC B
BO), PRICEE H BT A s B DA T R A
R (FiziBEEBrE) . FIH] TurbolD AR5 &
HERMR W R T ANEUAN IR E A
ek DA I ¥ Ly s 1 3 SR 51l e ]
HA X [0 B KPR 8 s S TS, AT
MTRE A A e sk, St
e Z ANz . Ah, XEETTETCEE LRI
N RTEZ R A P A s sl 2 HAR XX = (4

AR . RS B, BT LR ER R R, B
TN KR T TransitID, PAFRAE—8 FH H R 15009
fROR T 58, T2 AT n 240 6 ) b 200 L P 1) 8 11
Wiz, JFREMREH M E R SERIR X = M H 1
X%
FEEVaR <R B NE TR/ I S TR s N B3 i S
TransitID 3 &F F 4K iT #5 ic # R # APEX2 |
BioID '“*' il TurboID "' 2 Z I fEHE, 781G 4L
Az RIS () %) 4 B 2 1 B B R 1 BT A
HAE H 2 0 g B8 . TransitID % TurboID 5
APEX2 WA SR bR R A IGE &, Foor K&
H A E AR . TurbolD V5 A K T 1 A U8 4 A 4
RIS, BA S TSHEAE H TR
Iz M, AE 10 min P REHE HE 1 2 TR Ak AL
AR, T APEX2 E A Y HOIR il R S AL )
fili 2 AR, 7E H,O, MR AL & W AFE ST,
BT AR BE LT 1 min Y. 7€ TransitID SZ 5
T X453 APEX2 %8 il % M4 5 FA5 45 5 TurbolD
WINIARZS, 4 20T APEX2 bric 5256 vh i FH 9 A=
Y-k & i -k 54 (alkyne-phenol
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FHE, % PEEMRIFERRNERSEA -11-

compoud) AP1 ¥, —HF AP1#ric, & HBAT
Phid i s e e — b & A O R R D, X
FE B AR BT DA 2 756 St fese il 15 sl Pt el
KPR T RIEDIE

T LR G E BT, TurbolD7E “Ji” X%
ik, APEX27E “HmY” XFEik, 7£ “JH” X=E
(A A B A Y F bR iC— B ] (10~60 min) J5
FAEDI B T AEM RN RE T, HEER
PR XEhEARERE BT XE, fE
“HBR? XEo, -5k S YR 10, )5 8
APEX2HRic 1 min. RJ5, S/ RPZLfHAM . Ry
AR LE S k2% (click chemistry) 2514 T H&
RUCEAIE, SRIFHATHI R G e UivE fk %
MERMoKEE. N B REHEER B RE
A A T AE AR (B 7). Bk, al&EEEE
e CHW” RENNEEEYRCEARBASY
I ESR L A T R s Sefi H A AL R
SEELE A B A bR T R A T, LA
WE T ALHEANFIA TurboID FUFEAR | RALFEH,0, 5
YRS T, IrAERBSE T2 E
TMS FI LC-TMS Y& 8 [ B2 o Bk 2

TransitID J&—Fpil H B2 DIRER 71k, 7RG 40
JH o FH T 22t P R R 1 P2 1 i i RN Bl A AL
PEAE T P T X E SR M AR IR X o B TR

ATPEWE

10-60min
FREARAEE

RIS RFRIC I, v LORSHE M & BUAE X 2 AN 4 g
Z )38 B A B A R EX RO AT R R 1
TransitID J&:3& T TurbolD Fl APEX 4 A Al #4441
BTV EAT A B EARBR S, 0 TurbolD FRic 77
10 min SCE KR, BR&] T BRI HE5, T APEX
PR 2 H,0,, HAY SRS T RN A
SOV . FETCREARM X =, i AR bR T
TurbolD B, APEX [ il 5% 50 F 5 7 55 VR i 5 J
P IX 28 0 3 A . 22K ] TransitID £2 8 bR ic 0% i
iy, H R ARG FI A 35%~80%, 1l TransitID )
PEAAE FIH SR e (IR MR, (HH R
(RFIH:Z) AR HhAE =,

TR ST, TransitlD HARYE HIR 4 E T
TR ER 175 00 I Uk 5 40 A% s =2 IR (s i
R TEA S P UL €Iy P TR L D T TEg 121 1)
i DX A FL A B GR AT A 2T Y B 1 BT . TransitID 7
SR JUN (—Fh UL ) JE—Fp s
FLEE [, %8 AR 2B N KR 2 B A0 A% .
JUN MU0 A% B N ks, J8 s o7 31 7
KL ARG TUN S 32 A, A B T 76 N 3Pk 52 491
B PR RF T RE . BLAk, BF5E N 5134 {8 TransitID
SRAIF 5T Jis 200 T I 200 =2 [ ) 40 ) 2 1 5 22
e, BB X 43 i ik g oK A Bk Ak W IR G2 B R
FI o

Imin

Fig7 Mechanisms of TransitID
7 TransitIDEY/EFEIE

Zi b, APEX F TransitID 2544 2 A& M4BT
FricH A 12 B S b S BT H bR AR VT T
M AR, 40 i PPIs S His 8] 434 1 43 By S 44t
HR LR . APEX AR AR, HEAT KK,
HRBEBBAR; S5 APEX2 7E 1 AL 2
BT BETE 1 min N S8 BUPREARIC,  FLREGS 42 J i
1Y PPIs; TransitID & T BiolD Il APEX2 I il 4%

A, ST HERE AR ShESRIE, AP E M
YA (Rl is fE HE RT RE, AT 20 B /KSF- 2R B
st AR, (HHEHE D PeR T e . X2
ARG MS /S HoR S G, v RGN
PPIs, M/A¥KE, APEX2. TransitID %575 V5 4 4
JH T RE A5 e 2 A R AR FH 45 I o B 1)
%o
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3 SRR EMERIRC R AT R TSR A A

B LE M EARICEAR B 5T PPLs, {HIEAK
A WK H Y e 2 8 1 iT-RNA . 2 1 it -DNA
A5 R SR I DR R L DR A e S s | e
AR SR AR 45 )5 1), BiolD. TurbolD 54K T A=
WRVMCH A B PSRRI, A IRER
Jieg B A ot AR AR AT LB (SCR S1) . HRTARIT
HEYIZEARICHOR T2 T EERIPLH R E, Kok
Wit — 2L s R 7 1 & Je, R Ifise . 3k
2GR, s B B PG PR AR S F

TurboIlD, APEX 2. split-TurboID %5 4R i1 4= ¥
RIRCHE AR S RGP T — T
e TR R T B, R eI R rTh s
PPIs, TJ%EPPIs M (SCRYS1) . Rl #Hi RS0 A
WIRRICAWIN H, AR, 25 (8] 2 45 B
P2 RGEIHLT], FERNZE R G s BRAL ] 5 4
SUIFSE T ) R AR O B FE ZE R

TurbolD 1 BiolD2 4B A= ) R bRt B ARAE S I
-1 M EAE T P RBL BRI, oA
fERTIREE AL . 15 38 AR A i R T
KHAVER (XY S1) o ABIEAM RIRICE AR LATE
T 200 L PN A SR IR I 1 PPIs, 38 FH Tk 4 1T B4
-1 FAHEAER MY, KAk, PEEYERCHE
AR CEALERE TR s S . ORI R T I K
FEEEAER

B 8 28 G 0 UG 55 U 4 0 S ORG A O 4 1)
PPIs, f&ZeHeAXE LU HE bR ELARSE 1) A AR B
H, AR E bR e AR B B 58 5 2% G g
A SR TR B (3CRYS1) . iz TurbolD
BARAEZ | BB EE ST, £k
B T A e R A A AR NS, T
FRATT SRR e 1) AL o ] APEX2 452 AR 1] i
& H 2R T A0S R A AN, R TR v Y g
PO R A S . AR A R AR iCE AR IE AL
Rl 5 T B myle RIS 25t A oph T B2, Bl
ERBIEARAW RS, HAE A B s a7
I AT RE AN AT

)i FH TurbolD $7 A A] 2l 2538 5 1 40 i 1Y) PPIs A%
S 0 A ) e e e o A E 2 P 1
it R LR TR TR (SRS, 48
EAEYRRICHEORTE T A T B A 0
RIS, AEEESE . HEUTRE . PR
AL TR AR S

75 [6) 25 H i 41 2% (spatial protein omics,
SPMC) F&RIE AR bRid BORFEM 5 8 1 i AH B
YER T HAAfE 2SR (SO S1). 28 [alER 1 B4 21
TR 1 B AE s s A R O R TR G . 20
Frarr, [HHEER H R4 /R & H i [A) A] REAA7E ¢
B6, AR EEAE . AR R R IR
RESIE— S HE A EAE &AL, HHE5R
WER 55 & A kAR Y L S BEAE M & E
BT, PRAEE AT BRI . A, SRR
FAMICHOARME DL 4 S Wi A SR ZH U i 03 A
25 8] A 2 55 AR Ry PPIs #6411 22 M4 27 )22 1 1)
FANE . PIRREORTE SR B LB B AME, 2
() A= W 2 BRI 9% 20 2 )25 T 22 28 11 o A1 O A 4
JTa] 2%, TSR UE A MR bRic H AR A AN PPIs
AR I 45, T 25 DM T 5 I 2 - 24 - N 4 i 22
JZ UK PPIs IYRNT . A R A BB 5 i AE AL T 2 £k
AN TH

g5 b AR AR R AR S i H]
J7IZ TR A U S AT g SR DR AT R
PE e s . etk ghii ey, fEME RS ke
JAREE R GEBR AR O Sk - B TR HALH], e i
AAZAIL A G S5k 3= BRI 9 0 - T 32 AH FLAE FH )
4, FEPETPEAR KGR FEM R IS T R,
FE T 40 AR DG - ZE R Al A /R . ARRAR
IEAEYIRMICHER A BETE R ALE 2 N, JF i
LTl RN T A, T . Subsriy 2y
YIRS, Aok R R U SR AL EOR SZRE . R,
LRI E MR AR IO BRI A B 5 A A AR ) e R R AR S
G, W BT T A R4S, HIRA
PR ZepR LT S PR B ANGY TR SR R 3
R, O B2 U e B A Y T AL

4 RE

ASCH i SR T AR A R AR IC BRI WS ik
JEFINIHT, BARA 43 1 5T BiolD fiT AR H i V/F 2255
PR, RS MR EORMBISEH R R, ok
s (1) BB, EAFRBRE LE TE]
URCl PN iSN ISNA B/ 8 A ik s & S B e S e
HE BT, A E TS RNA W58 7 T 1 E R RE,
JER T EANTHEA: v B A RIS By BT 5
WA, JTAERELT APEX HORAT AR & J R 4
ARFHITERSEARF A OCTER . W2 AP = bR
TCEAR I A AR AT AT LA BE, WFFEN Bk i
PR FEZE X T LU AT 10 . — 2R e R E
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FHE, % PEEMRIFERRNERSEA
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MR SRS, IR AR 2 [
BraE :EW%%%aEULWEfE%E%%

R, VR G ZA 0T, S R A Py E i
5%, HHI, A% PPls AT T iEALIH+ AR,
TR A E bR AR, AR EAN 3
) BiolD2, APEX2, HHvK#HR4r ka8 Aa —E i
JRBRYE, X R ARSI TR A Y E bR B ARy
AP s

LWIEWRISICHARM BB, GELERTTE

K AT . WAIRZTE, A RS
AT DUHE )RR (R AR 2548, AR A R hnic R
S WFFE 0 M BAEE F f PPIs 32 ToR R T H . M
MEZTH , P25 B 75 10 PPLs M 4%, 4B
A R AL AR AT U Bh AR A S 2R A A A B
YER, $B/RBERR AR 0 R o, DO A9
(IRBHERE L, THREEMEEIA AT Bt . TEVRYT IR
W5 1T, 2% AR AT LT X4 R IR S T B PPIs
) £ i 30 AT R 2, DA 1 Bk 25 4 X PPIs (1)

F1 ARLPEENRERRCEARPALERE

Table 1 The advantages and disadvantages of different proximal biotin labeling techniques

R Bk Fric & 1 2%
A I3 e R W JE .
A o MO 4k am et S ' " ik
BiolD 2012 BirA 18~24h <10nm 50 pmol/L +/- a0 B AR RN [5]
I R N R
. | L OEE, ERE L
TurboID 2018 BiolD <10min >35nm 50~500 pmol/L +H il NI . R sbsie [13]
At
0ming 108 RRME, e
min-~. 7 &
miniTurbo 2018 BiolD 50~500 pmol/L ++ il ol RiRfRAFEE M= [13]
nm
) 1% #t PPTs ) £ 52
Split-Tur- . ® N
2020 TurboIlD -~ 4h A 50 pmol/L ++ 4 i s [23]
0
G v PR PR,
ProtA- 2021 TurboID 10 min >35 50 umol/L + il ST AR R T % A [24]
urbo min nm mo |
Turbo \ B R
g, H&zh
AirlD 2020 BitID  3~24h KW 0.5~50 pmol/L + VIR ARERE bric#ERE  [20]
. . . . JF (<20 kw) et e s
UltralD 2022 BiolD  10min A&l 50 pmol/L ESIL Eitliio) | ArRE AR [31]
7N
. PIRNA- 2 [ i
RNA-Bi- /
. 2018 BiolD 16~24h Al 50 umol/L +/- Eiiliio) HHEAEH AR [o4]
()
- B, B e
, 500 pmol/L (it Imin 4% \ P
APEX 2014 HRP 1min <20 nm AN P 41l GBI R B R RO R, KR EE [52]
h R (L ] RBER
4. s
1 /L (H ( AR R H,0, ] f 3l 2 #
APEX2 2015 APEX  Imin  <20nm 0 2 ++ a%?{aﬁiﬁ REENVEE G BLEES [44]
0,) Rrtric) %
TurbolD <I10min >35nm 50~500 pmol/L +++
‘/Ll E’I 3 Pty =
TransitID 2023 [ mmol/L (H, Eitliio) P B &R I fa] s Fre 2B [53]
APEX2 <lmin <20nm 0, ++ B




14~ EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

MR, AT E MERRIR YT RN . HRT, Bk
PRI ICEOR FRA X TR LY . A2, fEM
Yy, WA A A YR R TP RO R AR, i EOR
A BT ISR 5 18 R LA EIBLE] 53 AhZa
ARAHREEAL . RS FEFIURRES, XRIIR
HKHTIA Y BAA Fp it — 2B I AN

AW RIRCEAR AT R LR, CRCAUFS
PPIs EL 2 T H., BEE VR BRI . mE]
S HEAR BT AN R AR DL S 22 4 7
G T YRR, AZER N IV A 2P
J& o W APEX 5 b 4% A2 Bk f i
crosslinking coupled with mass spectrometry,
CXMS) HARZE G, AT LATE 40 il K1 7 Gt 2 il
PPIs %%, hyda s 41HLA5 = 18 B AN B AL S LT
AT MAEBESP AUk, BRI R PR C AR AL
R IEAEA bR E . A0 TurbolD AT 1 Hi
LRI RESZ MR F RS T (ORI IR
KA TR bR, Wl ST
2GWHE R AXL (451 Anexelekto) SZAARMES 2R
W L 2R, S5 dRR AR R, X
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Abstract The formation of protein-protein interaction (PPI) networks is a central event in biochemical reactions

within organisms. These interactions not only regulate normal

physiological functions but are also closely

associated with the onset and progression of diseases. PPIs are intricately regulated by proteins, nucleic acids, and

their interactions. The complex molecular networks formed between these molecules serve as the foundation for

most biochemical reaction events. Moreover, biological informati

on is transmitted through countless molecular

interactions within the cellular environment. A wide range of technologies has been developed to study PPIs,

among which proximity-dependent biotinylation is a novel technique for labeling proteomes in living cells. This

method utilizes engineered biotin ligases to specifically label nearby proteins or RNA molecules, enabling the

capture of transient, weak, or stable interactions and facilitating the systematic construction of molecular

interaction maps. Through continuous enzyme optimization and

refinement, proximity-dependent biotinylation
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techniques have evolved into diverse systems with improved operational convenience and labeling efficiency.
Each proximity-dependent biotinylation technique offers unique advantages: BiolD is non-toxic to cells but
suffers from low labeling efficiency, requires 18 - 24 h for labeling, and yields limited biotinylated products.
TurboID achieves efficient labeling within 10 min, but its high activity and strong biotin affinity may lead to
cytotoxicity. AirlD enables low-toxicity labeling under low biotin concentrations but requires several hours to
complete. UltralD offers the highest labeling activity with the smallest molecular weight but is prone to over-
labeling. APEX provides convenient operation and can resolve protein topology, yet it has concentration-
dependent limitations—forming dimers at high concentrations and lacking sensitivity at low concentrations. RNA-
BiolD is tailored for studying RNA - protein interactions but is limited by non-specific binding. TransitID can
capture dynamic protein translocation at the subcellular level, though its temporal resolution still requires
improvement. This review systematically summarizes the development, mechanisms, advantages, and
disadvantages of proximity-dependent biotinylation techniques such as BiolD, TurbolD, AirID, UltralD, RNA-
BiolD, APEX, and TransitID. It also explores their cutting-edge applications in functional regulation and disease
research. Proximity-dependent biotinylation techniques are widely used in disease-related studies. In tumor
research, they are primarily applied to investigate the transcriptional regulation and chromosomal structural
changes of proto-oncogenes and tumor suppressor genes. In the field of neuroscience, they are used to study
mechanisms underlying nervous system function and neurological diseases. In viral infection mechanisms, they
help elucidate virus - host interaction networks. In immune regulation, they contribute to the study of immune
signaling pathways. In stem cell research, they aid in understanding cell differentiation processes. Furthermore,
proximity-dependent biotinylation techniques hold promise for integration with spatial biology technologies,
enabling more comprehensive and detailed protein studies. These techniques are expected to provide more
accurate and efficient tools for life science research and to advance the medical and health fields to a higher level.
By comprehensively analyzing the strengths, limitations, and innovative potential of each method, this review also
highlights their advantageous applications in molecular interaction studies, aiming to provide methodological
guidance and theoretical support for molecular mechanism research in the life sciences.

Key words proximal biotin labeling techniques, protein-protein interactions, BiolD, TurbolD, AirlD, UltralD,
APEX, RNA-BiolD, TransitID
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