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Abstract: Mass spectrometry is an analytical technique that ionizes molecules, then separates and detects them
according to their mass-charge ratio, which can accurately characterize and quantify substances. Biological mass
spectrometry technology is now widely applied to the analysis of biological macromolecules, especially proteins.
Many milestones in the development of biological mass spectrometry are driven by protein research challenges.
Every breakthrough in biological mass spectrometry technology has deepened the understanding of the structure
and behavior of proteins. This review will give a description of protein research-driven biological mass spectrometry

technology, including the history and technical framework of mass spectrometry, the frontier progress of biological
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mass spectrometry, the application hotspots and trends as well as the development of biological mass spectrometry

technology in China.

Key words: biological mass spectrometry; protein; proteomics; protein network

JF 1% (mass spectrometry) A& — P 4> F 5 F4b
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FIERAF . TS OSBRI SRR B AR R £ 5,
TR AT DA B 25 @ AR SR A O R . BAN U 2
ST TR B0 A= o B SR A — A

1 SYIBER AR R AR

L1 BTFHE5EFRERAR

R E TR, EF R T &dr, XA
P R B TAONE, o TR AR IR R
BB I o 1, A AR R R T R AIE R
D] b o B 5 AR AE L HE A 5 80 A FRY I ) B, 6 AR )
KPR AR AR, 1984 4£, John Fenn & B
T LI 55 77 (electrospray ionization, ESI), 1985 4F
FE A B — BT Jo A B O 8 AT B A T
(matrix-assisted laser desorption ionization, MALDI),
KRR B BT Y, Ky T
FOREHBHA, WIATIF T AV S HARKIRTT,
T 3X P A7 8RR T 90 5, A 2002 4E3R45 T 1 DL
IR AR

B ARy Tt R B H BT, ESI A MALDI
—HEFERNBETAITE UG AT — & RAH
I B AR e R RN R, O - RS
THEH AR S ra. NtE—PiRER
BRRE, IR AN T R A RURE 0 55 0 T8 55 A O
L BB BERRAE AL AR AR IR 26 A (A0 AR 3 i
CHEVEN ) &, EARK T RS EAEANSRE.
NTBITEARME R, KT AR (native
MS), HIEHGEAEBAMET, EARBEARES
VIBE N B 2 HEAT o3 b, H OB R VB 22 R R
RECRIFER BT AR B, SO 2R . X
—INEEERAR (kY ) MEAR - 4ME
EHIR G RIEEEER Y, EEMA R,
Gy B BAR > B AN ES AL LU, TRV RER IR &
Y, M O, AT, BN
W& T E RIS, BN B i R (fon
mobility), MTIE— 0 EARREEREF,
FME TN T AN EER T ENER, ABTE
He A ZHE LGy HE ) 5T G A 7] 23 7 ) A B 2 i 42
Wi bT = 78 ESI B4 AR S AR KR R
T AU A BT SN, MALDI P
T AR A, AR PR R 2 T B i R
S —— PSR, K 41230) B T MALDI & 15,
FEROCHAR T, Hon @R, #7074
orAE R, H AT RO A A AL A ) R B
A M, ESI Al MALDI # /2 75 35 25 B 88 F T4k, i

Fok, W EE FAEHER (ambient ionization) i) &
R EE H AR EAEL N s 14k, g i
It % 2511k (desorption electrospray ionization, DESI)
2 B IR R R B A 2k AT A R A 4 AT
85 15 o 12 AR S5 A ST 7
1.2 #FHEHER AR S Top-DownF R

A R A I 2 5 5 2 R ) 23 1 AT AR AN
KNSR I 7 HIME B4 R B e 2 IR IR %
. WFREFHE—PHXNEARERZK, EE L2
for U 2% (1) 12 3h % A2 b, W h T fill i = (collision
cell), FELEE R ELZ KB & Mo iEmR . e8I
TN E R — R, WER S8 FRNEEE
(parent ion). Ailf48 J5 1) B2+ 5l 2 i,
M E 0 BEES 7 FRNF 1 (daughter ion). H&—
2 Jo il A 4 5 v T e R B R PR S R RO 1 R
(tandem mass spectrometry). 21, & £ Ik
VR TR R B A1 A AT DA A 2,
MITTEEEE T oE . 258, WREE T e
Wi (iRt BERAL ), MR A B ESKE
e, MBS . Aty =0h - R
PR T IR 5 S % 55 (collision induced dissociation,
CID) = RERlE A% B (high-energy dissociation, HCD)«
LAl 48 155 5 A 25 (electron capture dissociation, ECD
F electron transfer dissociation, ETD). ¢ T filf & 75
TR B R R NG (ultraviolet photodissociation,
UVPD) FIZL4M 2 i 2 (infrared multiphotodissociation,
IRMPD) &, X7 X5 A Wi, 7EKEE+
FEAERNFILL BRI A B AAh, B R
H 5 81 o A 7 SR n, xR T B BT (Top-
Down) J57% U, RIRHEAT B (A R A, BRI A2 27
TEMFH, X H KT EH Rl SRR,
— KRBT AESHERE L TIESME Y. A
1T (Top-Down) J7 %5 1 i (1) A8 P4 i3k 4% J7 20
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AR R, PUER PR S AN EENERS .
‘i FH R 5T 520 7 2 B35 DU B AT (Quatrople). &1
(Ton trap). KATHA] (TOF). #Ui&F (Orbitrap). 1
EL [T R (FTICR) 2635 A1 0, X85 1 i X ol
KEWEY, »rEEK, ZFEERE, ITRER
rRE RS . R o S 3 S A
e LI 0] g S 4R (FTICR) Ji i, (HR K5 3 1 o &
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AT ARG FNAE Y AR =, MERLTZAE A . AR 21
tH2cy], B E AR FHERE I, S A N AL
Or HHAR I 7 R H 25 ™ i - 2005 4F, 222K K (Thermo)
AT PIEBE > HT 88 1t U, SR R HEEE T,
SONIRGTIAE T, O A BT A s A AR
AR IJE 20 4, BB BT 8 AH R EAR A W T
9, RIEZF] 100K~500K 73 HFA/KF. AT (8] 734
SWA TR E SR, ik ERATEBRK, 7
PR, EX TG B B 0~ TR A ) ) T A
IR, RARFHARGENRSE, IR AT IR
FasEME B — &P, {15 TOF 5HUEHE - #r 4%
T FFIR, AT 58 R AR A 2R ) AR 5 A e s PR A
SERE, BT B ERN S A SRR, =
HPURAT BRI AN, AH R HL R R e %1
I, A28 1 BURN 22 JRBE (7] 5 BT THI A — 6 2 i
1.4 FOEIEEREMBTREA

P T o U RS ) ol Ay B Y A PR, e e
F Il 4 JBR 2 R 2 o D RN B 22 IR B
AR B ) 58 PR 58 il W e i 7B AR E 1, 1K
—WAEFR Y “bottom-up” —— H NI L. F I
Tl AR R P A gl TR T ik R O O R 4R
(data-dependent acquisition, DDA). tHALZW, FFE
B T IR R RS B G K, AR5 H
R T B R A & 7 X ik — Nl
B, BRAERARHAS AR, KRB
k. Tk, XX —MER, KRR T ARERE MO
K 4E (data-independent acquisition, DIA), E[ R it
it EE R B VAT 1 R AR, IXRE AR T R
AR BER B, 3 15 5256 [R] ) 1 14 71 o & 7 2 1
meiscs . EE AR, AREER KR 1
PN, SRR, iR B, B
At A — PR R, H T A @ 200
W22 AR TR P ) S o HE S I, AE AR
Bk R IO ANT LR AT i S HE 1Y

KRB B S B 5, 7= )
Al I 2 DR 20 41 B 3 L0 B O B S A 2,
TSI U E AR RS A LU, W Z KR E B
FRI A o FH ORI AR B 5 B 2 428 i (R BH PR AR v
MCRBE. MBRRAEARFINSHELEE, |
el o 1% BB AT A a0 pr, AR GRS (de
novo sequencing), X — i FEHEREE 52 K] 520
K, HEHEAEE U,
1.5 HEEEARAERFRPRIERA

20 itk 22 90 “F AR5, John Yates &K & | & e

% (Shotgun) Bk H AR, Toaisr AR E H R, 1M
SR R S Ve g IR B, B I O i B S
FRE NP AT A E B, X — SRS AR AT DA
BN E AN ERTE . EEARAE
Fefh RE R E BT RIS, AV H AT
URTE AR AR . R T3 5 A 5 i ik
BOHEA. BEEM AR, RENEIRE, &
HRHR WA R 2, 06X 2 7 16 Mt
k. BLhn 2 BRI JLE FRAS U Wi R AL
RN SR ERITEE, A EEREAR
gl e A N BT AR IR R 2 ST
1 (single amino-acid polymorphism, SAP) % &} > &
HE ARG T 2R B, BRI AR
— BT HEE S P EE MR E N, X
AN BT ) S R E 1) T R PR, R, AT
K Z Bl & — W7 R oo & 3 o AAS 1 1) 78 o5
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B3 i a0 B A e R B AR A A
W, PRk, MR E B AL R R E AT S — A
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T P AT SR Re E B R IR B, RERFERAE
WS AR E 1 RG R H N R i B A ik
HAHERTA Y, @RS H AR R T 2 B
TREARGES, AF N 7ok, EEEK
F, B DIA SRAERE A 0] SE8 e 78 5 JE 5 n) € &
HEIRE RN mAR G 2 HE L B2 ROV
BGPTSR M 0 58 3 HE 1) 5 B o
1.6 ALEgESEYRIERAR

JR AR B N, R i L Y
A, UREE S IR T e A S B R 7 1n) B 2 Joi i
T g Hr. Lkl DeepSearch >k H] Transformer 2 HYX
R B AN R AE, SIARTEL S STHESE, T RAEER 5
ST LT 56 BRAERA IR B 1k B9 Bt Skl
1)V A B2 {1 7] 8, InstaNovo 2 T+ Transformer
Y BB FE AT, WE RS T A SKIT B
FE, fEPERK. GUKpuikm ey s T g B,
I BT 8 B BB 7 Ao 2T R B i A
RFEA It R R E S, AN TR AR
AAE 7 (8] 2 1 5 20 2 7 T B OKF H il i, PLATO
TARER S ) E T AR GRS A P “AT for
Science” HARNINIE D, (H DS HAE AR E J 4k R )
BRI AR KR T I RIRE /T, DGRBS EOR S &
TEAY R 250 R 15 H 28 BRI E A 70,
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HERAFHF RN BN Z S, EER
FHEAE F B 50 Bk 32 B B A0 . 48 i 9 1 2 1
AGEHANEMER, i S H Al T8 o] 3%
7T W25, 73T MEE AT AR E | A A AT
Ho 1R, A PO BRI ERE F—)=,
ane] A BN 52 B 1 B A LA 43 18] A LA A R
JUETHIE AT . T AR R A RS AR
AH LA AR AR 2 AR AL Y, RSN B 72 e 55 o
W ELUOREE . M, YRR T, RE
M S MR, R T BTl AW IR RN
(biorthogonal reaction), fi BB 10 B A0 55 732
SEHLARULFRIC (proximity labeling, PL), 7E4:FH 41
N R A AR R BT, PR T VR S E AR I
AR E B, AN TR A B B AR A B 5 48
(8350 N NI B 2= R Y Ak S5l i S L
LB AEAR 73 1 SC RS R, #E— 0 45 5 B AT 2
Vs BArHT,  BIRTIE A8 6B R B (crosslinking
mass spectrometry, XL-MS), MI#fE R AR - & H
i EE - N BEEE-DNAL EHE - 259
Z A EAER B HET, X 5T AR RIRIE
MG 2 R, LRI 5 R A (R S IR R
Hok S A LA P A 0 TR A o B 2 BB T A
RENHA TR & 51— DR MBS AR TR
A 177 17 2 i an PR A 1) 511 (limited proteolysis
mass spectrometry, LiP-MS) &5 /5%, F/NrT 54
N AR T, &N S EE X
g E, WIEGUIAT N KA, AT R i 16 H
55Ny FHH HAE AR 1A R B X3 Y, 0 i i
JORE 52 A 2 () e B L A 7 ik s — %%
2.2 N—REWEIS RSN

HAEV S E AR BILLIR, KRB TAEEPE
XTEE E B — R AR i, BUHA FE R TAESR
F PG EORBEAT 5 A= A 78, Eean TS #it
FEHAR (hydrogen deuterium exchange mass spectrometry,
HDX-MS) #f 78 8 5k G ), {EAH Ll H i 45 4 2
W78, UG BRI 5 M g RS BEA IR, 9F
EF. SR, BEHE AlphaFold A= Hith, 2544
A 2 A A B R TN A 4 R e B Bh A S
N T e R A e o B3t RS tH 25Kk o i
RECNEE S HER, NEREARRZER, §@
BOFE N ER TR, EREHREARSURE, &

 TRERE =) R BN AR A N A KR A R 1 OB L A =
MRS HE (native MS) 23T 75 {i B B 1 )03 25 W) 25
MR, S5 maeitssoR, TR IR R
f b By Fe kR A DR (hydroxyl
radical protein footprinting, HRPF) Il i i %} &% (4 Jifi
BEAT PO S A AR IS ARSI BT, AT AT R R
Ak . HEE B REAAAT Dy I T OR ), B B
A, Hean s B BN T G S AR AT AR TR B
EMRECE KA BREE, & EE S HDX,
HRPF . HL5% 55 SR AN R[] R ) 7 R A b B
2.3 MEAAR| B LmARES B 53T

B 5 Vi3 P A1 4l PR ARk B, 3 AR B
s WA AN PR R AALAE e B AL S UK E &
FBH, T2t — 18 SRR R B 24 A) E B
i, HEBARKFREARAS . ETEA
JoE A 1 AT HL RS & 45 B T4 TR AT I ] (inductively
coupled plasma TOF, ICP-TOF) (13t =05t it 52 A 7] PA
SR S R ) AR R I i Y O B
FI R > B 5, S5 5 R B BT R e
FOR, FguAn s B & A AR A i e A 2
AR W BT MALDI %5 75 15 10 2 0 LA AR 7E 43 9t
AR AT M EIGRA L FiE B
FT7, SiaE RBE PG, SIS
TR 1A% 43 BT (deep visual proteomics, DVP), It
12 AR AR 0 Hh 1) 1 S 20 1 R B
FEMEEIE . AT AR IUCE T 8 RS A2 DA
EE AN . — H R I AR B )
B S ) B 1 2H ST TR RO
24 NLBEEZRIEEK

FHERS 2 HFR Y, JE SRR AL 2R 1 Il ARHIE 7
BRI OALE . DU Bl 0 88 i 2 e A
Vv SRR I 29BEAR IR I, RGBT TF
W7 TH R FE AR o T B 1R (R 4
Bt R A i 1 o A A AE IR 20 1 o B eh A A M
fir B PRATTR AR R, T R v I B R -
ot R A A 11 T ) 2% 245 2 AU A ) o A R ) o A
T FHERHRA G . 75 CPTAC THRIFISCRE T, 2%
E H AT CA 30 2 MR 42300 & A B g0aRs,  n
TR TR ORRRAE ) TR, JRHESD T 2 EE R
Uk AR EES R, FE I T IR BT,
FEF A AR @ I A, 5 BhiayT vesk 1.
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FE A SR S E bR ERONFERE, 0
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Mko 20 tHed 90 FFEAVE M, TEREBFER ISR T,
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TR 73R, 2015 4EH1 2018 4, & ([ BFA0E R
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Wt AR & T AR SR AEY IS T &, T AR AR
13 74 N plest. e b i it 10 o 3 23 A 2%
G O SR EFATIAS T — R 5 E E TR A
W (L 20 5 Cell. Nature. Science &3 ). HU,
2025 4, BRI RS LR R
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BB T EA L BA
(ESI/MALDI/IM etc.)
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(CID/HCD/ETD/ECD/UVPD etc.)

A AR TR, 75 T GPCR HI LR i
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