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Abstract The differential expression and subcellular localization of single-cell proteins are closely related to
the physiological state and pathological mechanisms of the body. The development of single-cell protein in situ
imaging methods provides powerful tools for spatial single-cell proteomics research and single-cell protein
profiling. This article summarizes the single-cell protein imaging methods developed in recent years, including
the circulating immunofluorescence imaging methods based on ordered multi-round antibody incubation, mass
spectrometry imaging based on metal element labeled antibodies, fluorescence imaging based on DNA-barcoded
antibody, gene encoded fluorescence protein imaging and spectral imaging based on Raman spectroscopy or X-
ray spectroscopy, with brief explanation of the imaging principles of these methods. It focuses on the multiple
performance, imaging resolution and signal amplification performance of these methods, and analyzes their
application characteristics in practical scientific research and clinical work, in the hope of providing some
reference for the development of more revolutionary single-cell imaging methods, and promoting the
development of biomedical and precision medicine.
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b J5 A P A L2 SR TE 15 min NTHBRAET
FEYL RO, Z 5 BT T — 8RR E Loiig .
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2 BAREARERE

Jii%% (mass spectrometry, MS )™ 3 1343
BRI AT AR 3 BT L (m/2) 15 2., It
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DNA 55 5 ¥R LA | DNA LRSI 45 &
A AR AT ZE S, AR T /T 30 nm AR 53 B
., Chung S5V 847 T DNA BUZREE BT B,
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G153 R, T T B2 FRORS 240 25 460 1 T A o
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GoikiEE (&G L5761 (1G5 B9 6RT) (& 5 25526
EREN| i 8
ACG N ACGG N ACGGU . ACGGU
> _tceeas ik TGCC ikl TGCC Bk rGCC
. ACG N ACGG N ACGGC 4 ACGGC
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s \-.____/ V \\"\-____,/
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SE . SRR E 1Y &R 5,2 ' B 1 (green fluorescent
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FAL T R T A0 M A B T Bl o] Ak Y 5RO T
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G AR TR A SR b % i TSR AT BE

Tanenbaum %5 J % T SunTag &4, % R 40
W TRRAEHEE Z R, 52 0
Pk A E A S 286 AT T Hl & T 1R
2k {0, 75¢ ). 25 11 (enhanced green fluorescent protein,
EGFP) fil & %) B 5% 7] 42 J5 B¢ (single chain variable
fragments, scFv) Jiif, X 5z EALRENZ
P2 DU [A] 5K 1) 235 5 P LK & 68,58 O 0 B 5 A
) B A Ik OCHR R R, S BN 40 A N AR
B DR ALAR 5 i K2t iR . Dufourt 551
i H SunTag J7 3% X i 5 i IR B H 22 mRNA
(messenger ribonucleic acid) F15 A [E] | A7 & A5
J12E AT T AT RAR LR (A& 11 o), S sk Xt |
K 18] Ui 46175 3 2 s I Twist B AE 2 IR ILER,
#5757 mRNA BHRERCR RS [0 7 itk . SunTag J5
2 ARVFTETE 4 M PO AR 2 AL AT S S IR, 245
DUFIRBR A5 S TR B i 7 LSRG BE o SR, ALt
FH &R A8 G HR 1 OE LG 4 i PN %) 22 8 1 5[] Bt
B, LT 20 B it 2 R R 0 0GB 1 Rl B T
A5 BB AR (EGFP-scFv) 25 7 A i W 70 75 o8
6, TR T AR R 1B RS

SunTaghps— GO TR i
T BT BUIA
mRNA
5’-\.___/"" ~ ‘_l___')__-—‘""_""""-\.__/—"‘--..
3
LI

B 11 #HE Z KIS SunTag Jr i i 4 5

T AR G ER F BGE B, BIFSE N BN
OO F WSS M ORI T T IR AESE,
FEXFH A TR L, FF R T — R Y
T R R BN B 9O T SO B AR
&, il an. ¥ @58 H (YFP)Y | B @5 R H
(OFP)™, B 55t 3 H (BFP) ™ DL R 4T (5
M (RFP)PY 45 X S50 A IF & Fev/r ik 4
W Z R LAY IESC S B R, e T 2O0EH
Z RN FYE R . Qian 48PV £ H I [A] 2 5
1% (temporally multiplexed imaging, TMI) J5 % #]
FH AT 35U #e9¢ ' 5 H (reversibly photoswitchable
fluorescent proteins, rsFP) [ %¢ FC R R PRSI T A

HIE T Z R ER P RIS AR, SE—20 5 T A
AR E RS TERE, v T AN 155
MBS I

Cabantous %™ it T H R AFOLEHE A R
gt, HA A3 2R A S B M R B 0O R
B, ARE= A0 . R BTTRRAR T 8 SR g
M TP, $Em T AR R B F AR 5 M . Feng
G T T OB S AR SR L, Y
P51 2R 11 22 [RDRE AR 28 1 B A 3 1t T BB 2]
fie. Sekhon FE5 ¥ & (138 0 1 T It Bl S 1 Ik
#% (adaptable, turn-on maturation, ATOM ) 7] £ Fl] F
T390 A, K B4R (monobody ) % 44 K {4
(nanobody) ffi ADEGEE A L5, HA RS 4K
R SHbRE A RS A R IS s PO R A
B RO TR AR T A
A4 S R R AURE

S D] 4 % ) B 200 L 2 S B P AS O VR A T A
JH PN TR B R RS AT A A R B O A RN T
F) I FH T 5%, 8 T 2 R At 9 2R B 42 1 2l 28 00
£2. SR, 7 IR TR B E A AR ) TR T B L bR 8
FRlA FR2E, B B, I HXE LU T I R A N
G AN BN e O R g B T

5 BIEMEARERE

51 #EZhEmBE

P72 S O IR O IR RE S R S 7 AR
WK R A AR A, v AR AR S 2= S5 4
AHFIEAS | 45 b BE LAy A EAE AR5 2 .
HARE T OIS U, hr otk g —Fh John
TE ) S BE BUAG T7 v, A 1 A o HE R R
R

Z IR B B K ¢ 6 (stimulated Raman excited
fluorescence, SREF )™ J5 v J&ili i Z i hi 2 il &
B IR AR, P 54 2 OO0, KRN
LR it 3 9 & B R g . TR
EPRENLE TE I T 4 £ 8 SREF W&, 4T 1
PECH) “ BUE RS, B h 2 i 5 9 LIS A 4
Hro PIHE R, Joms 55 B ARG i i a] SC il 4>
i@ G A

1 B AH T R 3 G v 3T B 2§ (higher-order
coherent anti-Stokes Raman scattering, HO-CARS) i
TR T IEIESE T R B AR AR, (R
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