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microbial cell factories (MCFs) is an important task of synthetic biology, which will lead the way to a sustainable
industrial-scale manufacturing sector. With the progress of genome editing technology, the construction strategy of
MCFs has evolved from random mutation to customized transformation at the whole genome level. Biologists can
obtain 10°~10 strain mutant libraries in a short time, creating an urgent need for the development of high-throughput
screening methods. In addition, the demand for precise quantitative analysis of key molecules in metabolic pathways,
such as metabolic enzymes and metabolites, is increasingly prominent in the process of strain transformation,
evolution, and fermentation monitoring. Liquid chromatography (LC) offers excellent separation capability, allowing
efficient separation of target molecules, while mass spectrometry (MS) provides strong detection ability due to its high
specificity and sensitivity. Therefore, LC and MS techniques have been widely applied in the field of life sciences,
especially for the qualitative and quantitative analyses of proteins and metabolites. With the development of high-
throughput LC and MS technologies, these methods have become powerful tools for screening strains and quantitative
research of key molecules in synthetic biology. Therefore, this work reviews the research progresses of LC and/or MS
based strain screening and quantification of key molecules, focusing on the following aspects: sample preparation,
chromatographic separation, mass spectrometric analysis and data processing. Finally, we briefly summarize the future
prospects and challenges in this field. It is expected that with the continuous progress of LC and MS, the deep
integration with automatic devices and data processing platforms, the advantages of LC and MS in high-throughput
screening of synthetic biology strains and quantitative analysis of key molecules will become increasingly prominent,

which will certainly promote the rapid development of biological intelligence based on synthetic biology.
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Table 1 Summary of strain screening studies based on high-throughput mass spectrometry
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HEI L A B, A BT MCF #Efl
MR . AR EL TAR SR T WB [ 8 PRI 5 9241
FET NMR A 73 7Rl 73, 3k T e i & U
3 BT 1 2 3 A AR L e R B e &
HE PR . LRI SR R, A R T AR O B )
TREEN N RIEEEEAE M RAE PR,
NI RS B B kB s
e B Hidie A EE

21 =REEHGHEELE

e A VBRI P R I HE S, Rt R
MCF ¥ fity 7 SR 0 1 R 3E 0 A OA RT g, RIS
%5 it 1) % P i R R T Pk R . LA
K, B AR ARGE I 77, A LR
SELAL B A RE S AL B . AR B T AR AE AR
RRBETH T FE S %l 8, T H 8 ERE TR
sty AL PP E L

g T H Rk (bottom-up) I A4
SRR AL B AR AR R A R, AN I JE
e A . Br SR ANEE A D IR, @ H AR B HIE W
BILRIRAESE R, AWML Z . FR AL R
Ko ATRETEEIEE, Petzold% "™ KET
IMPALHFE il 2 7 %, BIERRAEM . JAk
e & L E iR, 4546 Biomek-NX H 34k # Wi T1E
Ui AT AE 1 h N 58 % 96 AN FF it (R B AR AT IR AR, T H Ak
D T 55 =2 QB PR o A L B R I AR B .
T IMARAE ) A A I 9D FE AR, Krijgsveld
BA 77 Je TR [ AE Y A S &S Csingle-
pot solid-phase-enhanced sample preparation, SP3)
J7%, M R B 678 B0 IRE Bk 5 4 ol 22 8] 1) 5%
KAMEAER, £ 18 min N MEH MK, MG
HBEAT JE AT B R B I A Ak B SR L RE o A . ik
T SP3 7715 96 i fL#R , Armengaud % 7 FF R T
—NEIEEA SRS S, A IR R R
AR, K EEMERT [RI4E RN 15 min, SEIL T A& A
FE b R PR il 4% . Paulo BRARZH ™ ¥ SP3 5 5 I
wEhr% (tandem mass tag, TMT) $iARZE A, fHiH
opentrons OT-2 # ¥ T 1E 3} & 1 2 H 5 SL-SP3-
TMT (streamlined-SP3-TMT) #f i il # 77 7% (Jiff
R AE TAEBAN R I # R 48 EAT), WI#E9h
P S 96 AN I BEAE i 1K1 2 E B4k TMT #1046 il
%o M, WEFEIEIRIE T EXTE A RBEEE
T 1) e JE R A ) 4% 75 . Lipton 25 MY R R T —
ARG, FIHKRE B EhEE S TR
3% (immobilized metal affinity chromatography,
IMAC) FF: 38 hin Jok 7 28k 8 [ I 9 /b e s If (8], S
2 B R B R IR Y = 80 SR . Leutert 5 M 4%
SP3 Jj 1L 3L T Fe-IMAC Wik ) BB Ak & SE B A 3
ITHG, RE T —Fhmil g n B R A & B i 4 A
7 M1 it #2  (rapid-robotic phosphoproteomics, R2-
P2), 454 King Fisher Flex H a8 1b# i L {E 3k v] 7F
5 h PRSI E R PG 2 B 1 R A B 1 D ZH AL B

P ACE I &, A A U R R 3 R
FEC R A /AN R EL T 20 B A AR
YIEAE TR R, R B B R E S E
PR BS, BEAT T WA I BD AT . A P P AR A B
IR EE R A, AU 2 T A] DLIRGE R AL, DRt
AEFRRARE T N R o U HAE EAT K & AR 1A
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VIREA T &, 2R AT fe o i — D AR #4710
oo AT IR ECRAEIR T RAERBE, NP R T
H AR KL E %), B, Blank % " R
TR T AT A B AL SR AR, i ko
L 37 R T R AR R R, A SO N S B4
JRL AR DR A L K S S BOAL B, i T 4
I B 20 R AN TR AR 22 M Am e 2R Y . ik Ab
PRI A2 A A ] £ 1 B AT, B AR 4
TR LA B B8 i 1 AU P 4 BBCRD e o Tk 4 45 20 3R
2 H0H B A M VA ] R TR L
Lt B S AR I BRI T 0, T IAEE. &
i S5 A WL TR A0 S R 7 0, D R T TR
S RERG R EG AR L . MR R EREA
JFiPLUE L (protein precipitation, PPT). ik A< HX
% (liquid-liquid extraction, LLE) A SPE % K
G0, o, SPERARM TR &, w5
W5 TR0 A %o 8, 2 4 ar AR 42 B
FHT7 V. FOR A A B e [ AR B AR,
PR b IR B A VR R ) E AR R, Bk H OE
29 5 VR R e R BT, RS VR RS H AR T .
N R E R HTRIRER, BT A sk B A A
AR S . Six 55 ™ K e T —FhHE T SPETH
T6 b e 5B R W 5 vE (AR : BacPKD, 45 &
RapidFire &%, fE£2 h N 5840 R RM . $E I 4
AR A, TR WK o A 1 48 L N A& 4
H A BB . 7E SPE J:fill b & i i R 11 [ AH ok 25
4R (solid-phase microextraction, SPME) ££%&
B IR SR T — 4k ™, T B dk AR
WA PR AR S & . SPME A FE
PR S R RE RO A, B TS Bk
Pawliszyn 5§ " ¥ & 3 N AR 1) SPME IR 2, K
Ji& 1 (R R BROK i B b g K M A SR K A ) T
%, IFE 96 L4 &, FILE4 h A 5 A
FBIPITEI . Besk S ARWOE AR, B fa X% 77 R
FH T PRI 0 K i A 1 100 2R L B 7

e 0 R ol ) A% TV R R, KR T AL B
TR 5 SR R 0 R 48 22 T L /N, A RO A 1 Ak
FEARPUR AR YA RE . HAZ, BT R 6%
BARZ, HPRZEZFESITHER, ER*E
MRS H A . (E B R fe | 3L
G, SEIURE S S AR RS . BT BN

22 SEEBESENE

H AT, R €1 0 1 e A B A KR E
PRFEAS I S8 7 1 € VE 8 B2 M vb 3 4 32 AT
A T4 A AR K R AR R Ak Y, R
T MCF (B B v, I 2 DR 2HRORE AR U 1) 265 A5
7 (genome-scale metabolic model, GEM) #4 %
BEC P By BT S E AR W A S
KM = i 8 I Vi s ) F o i B R0 R BB, R
FH G 5T 15 I FH BOR ) S BEAT

A 45 WA €035 5T B IC FH 4R 2 T a8 IR
RGE By, AR B 25 5 i Ta) 7= SRR 1) 1 o A
HE, Tk, DLEYIERE (capillary-flow)
AR . R (micro-flow) W AH €% % 43
Mriit ik Canalytical-flow) & AH 3% A8 R 1 =y i@
HEERARRE A, HEAFEM S EEA,
9 TR K BA B B A AN [5]) 28 B O B 4y - 110 PR A
2L H R . Petzold 25 P K C, 0 i A
(50 mmx>2.1 mm), ii% 400 pL/min, #5525 min,
XA Agilent 6460 — H PYR AT BT A%, X K IAT B
600 2 25k (367 NEEF) AT 1€ R . Ralser
07 B HSS T3 i A (150 mmx300 pm)
£S5 uL/min X 19 min A 8 B E X4 TS5
TripleTOF 6600 1k FH, & &K H 796 /™ ¥ B B 4 (1)
1576 MEHET, L 7 IAEREIRK RS0, R
T HAEE A AR BRI A ERME . DL A
FERH AW R ARBAE 1 (reverse phase liquid
chromatography, RPLC) #&3. &R HAEH M
JiAE RN ER, WRIEEBCO R BIAE, AR T
ZEMNX SRR AT 0 . T MCF HgpE SR,
TR SV SRR I 20, W FH AR AR =X 5 7K A
HAEH 3% (hydrophilic interaction chromatography ,
HILIC) . HILIC R H 1 2% /K [l 5 AH A g /K i B AH ,
FEAr Bk R, SR K B A 3R T S T B — K
2, SRIK IR A 73 1 B AE [ e A A B OK S
T AR AR 12 1) 2 T R E A HLAE o Paglia 55 ™ 4
T8 17 TN 53 B AU 16 o 0 vy e A )
%, FETHILIC 73 5 A DU AR A 6 AT s 1) J5 B o ) A5
3, 7E 10 min 73 & B FE & 400 pL/min i iE T 42 M
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SIATHE . BERRIL AW . MR FIEELE . K H RS E
AN F AR EAR Y . Brouwers 25 M # 5T T
e S T o i fE, A HILIC 7 B A4
(50 mmx4.6 mm) 7E£ 1 mL/min i % A 4 min 56 % N
5 i s 56 A AT I 223 SRR 4T

AL, FE3E Evosep A F] T 2018 4 HE H B A
Evosep One i AH R4, & 1 H T & e i S i
JEE A7 At ARG s 20 R [ 28 PR B S (1% 43 B 11
I S 11 T =R (AR = % i o T = o T i
T A P g B 1) U, AT AE 6 min A RKORE FE P SE BB
K200 N FE b RS U E & DY, Evosep One & 4t
I8 5 E MR E PRI B0 3 9 KRR A & 1) T
PROCHE 7 1 8 A AT AL 5 .

Z A RGITRE TR T BE R O — B
1o R AH G 7 & AT BL7e 43 R F B RE i g 3 2R
LM S N 1], B2 A e & VY. Mann B8
U TR R T ORE b S UG RS S B S AT R
W& TR, AR KRR Y 15min, A7
1 d A 58 % 96 AN FUAK B A 45 52 % FE A o 1) 40 AT A
Mo A RER A, wlkik Transcend TLX £ 4t ,
B TEZ SPE HUR K Z @B R AH (0% 70 8BS, A&
P IS R R H 2, CAEW R S A T
RLH, A BLs B A K I 500 AN R A 2 A i
7, REEE e B mIRA R RN S

2.3 =BEERERNSGIE

Jo S A A SR R I B ), AT AE — IRAE AT
XPRCE BT AR T HEAT M. N R A A
DURASE A I H AR 7R ok, AATTRT DR RS 7]
TR B R RT B 1) B R 0] 8 B o s A A 4y T R AT
JoLRE 3 b, A9 o A A A R S (data-dependent
acquisition, DDA) JE LA IR ] REH A, &
P&/ MR W) (selected reaction monitoring, SRM)
o P K % NI v 8
231 X445 TEREGETEHH

A B 1 73 A A2 — Al G A e VRS DU BRI R
XPCAEME NS — R CndEE . AR YD
HAT RGUERT I, A TR N 23 AT 52 ) Rk R AIE
RIS AR B R E RS T. KBS T
AR B 0] € B 2> Al AL G bR e € & (label free

quantitation, LFQ) #Hg, i LR —&F T2
AR SR PSS S R, T RU R [F R A R
— TS RAT AR E E T Y Bk, FRE
) A7 25 b5 10 8 B2 5 — P B R RE ) = i
Fmg o ZJr ik R bR I BUA SR E, EEE
BUKB ESIARC, PNEERE R 7 AN [
B [F] — IR B B A AR R #E AR % . TEXHR A
B b AT R o3 BT B, AS [ SR IR TR — Pk B A=
AT E T, WRAE AT 7 2 859
AT DT TE AR C S BT R B 1) B A Y LA
TR 55 B, T AR OE R AL 3 bR 0 T VE IR E R
JERTHERAPE S & 1 DDA & 2 SRR 1) 5T 1 K
S, BB i T — g A a, MiE—
% v Hp 3 Hp R B R R 1 BRSO AT
i TRy GRS R B R, R
R EERN PN Z. R, %45
DDA A BENLE R, SEEE EINEE, HF
AR BB RAE o 3T A oK R R R I I ARl Y
KR (data-independent acquisition, DIA), B[l
AR —FEh B FRESE, MEANE DX
S i A RS TR AT I SRR AR o % 7 v ] BASR
BHRAEWEAEFEE (LB, #e T H4E R H
g, BAREMMEL . &= ks KXoE s s SR
SR RN SR Ay e BT = AT
J1 T E . Mann % U5 g7 — Rl RE DIA 387 7792
H5RPLCHCH], fE2.2dWEEN 1 100 B EEE
153 4 FF o Ralser ¥R 4 ™ K f& T Scaning
SWATH #5 30, 454 800 pL/min 7 M7 i %, W 7F
5 min N X R H 8RR 1900 A B AT AH X € &
ERERENZ, DIAREB WA HAE, AIEIR
1350 2 A5 B0 A B 3 7 % e i R . k4t
BT (ion mobility, IM) FiA ™7 0] UM HE B8
T R/ANFTEAR 22 57 5] 2 (1 V5 I (] 22 R S B DY
YEREI 00 B, A R A B 4 R 1 R B4 DT i
(AR PR, W] DAdE— A B v %5 e HEA . Burgess
2 S OR R P M B F SR K AR B (zIC-
HILIC) 5% # & B 1 I FE - DU A% AT € AT 1) 18]
(DTIM-QTOF) Jii il #5=, JFR 7 —Fhw i o FE
A0 m) A 2H 2 PR TAE AR, £ 800 pL/min Y 1%
J% 3.5 min B FE 2% A T R 0 21 240 B 20 i 9 2139 AR
W7 FRHE
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Precursor selection
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miz
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selected precursors
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wy
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miz
(a) DDA

Across all isolation windows

Intensity

miz

v

Fragmentation of
all precursors in each window
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miz

(b) DIA

B4 AEFE R e e

Fig.4 Schematic diagram of the untargeted acquisition mode

232 X#ELSTROTENHN

1 1) 4 A A0 EE T O 0 Ok B Ay I E B A,
T AT 2 G 0 A T ) Ok B B 1 M AR
L7/ T |3 G EI S SSON LN ¥ A e o L&A
FIER T A Sy R I i) i) . B Jm) 3 B 38 H TR
SOy T A 0] E B, fE AR 0 2 20 A v i B
i I AR BT, 383 L A A A B B A o
5 DA ity o7 1545 5 W T AR E AT E & o 0 TR
Yoy ¥ B 4a 0T 8 B, 18 B AN [ BE AR AE A
FIbrERl 2, H NI R RGIRE, R
HE SR FE S TR AR L H bR ) Jo U T AR 2 0 R 15 L
T, HEHESTHAA RS E" . TR
HEP4xt g, CaRKE T4 ER DT
(absolute quantification, AQUA) ', Ft T ¢ & ik
Bt K A% (concatemer of quantification peptides,
QconCAT) 7?7, & H 45 1 i 48 X %€ &  (protein
standard absolute quantification, PASQ) "' % % Ff
Jiik, @GRS EREAER, &
JRig oy, IR IR H AR Ik BCAE R E A H B . A
b A0 e B T ) A O A O O R AR 5 B
A5 2R B A5 21 H Ax g 3 Jon sl G A 1) 26 00 &
SRM " i 48 ML [ R AEROR, ZEAREET =
VYRR A 5T 10 B AR AT o pr, g s —E N
WA I8 B As 4y THBEES 1, Bl S 55 — = UK

[112]

FFoh o AR Se, F A = E PO AR AT HEAT H AR A
Bk, HisnFEE Fraimm R AR S5
TAE B 7R ARG, B2 WA HH R T
MR L B TR A, N TP 8 LIRS
FEGF RO, I P 7S AT G i v o B S T R AT R
2, (FRAERR AR K A = 8 1YW 1305 .
7E SRM & fili b & & ok 1 2 [ B M5 3 Cmultiple
reaction monitoring, MRM) AR, W] SZHL £ /N
HE TR, BT AR 8, AR
0] & X 4> . SRM/MRM £ AR S ol . R s
m HEIELE, EMEY RS T2 oA
R Tz P Petzold 5 MY R R T R T mLI#
RPLC F1 SRM £ Il 5 A 1) vy i 12 42 [ £ [ Jofd 2 %
JiiE, AE5.5 min AR EEN SEEL T ORI R 21 5%
FEARBIRAL I 400 2 P EE 0TI 265 8 & 0 AT
9K AT B DR B AR T I B Bl o ) PR RS fE e
SIMTIRAE T AT EEM TR . Gao & U R IR
RPLC 45 & SRM KB, 7E 32 min N SEHL 1%
BABHME (P putida KT2440) 132 R (4 i /Y
SERIHT, s 7SRRI B KT2440 £EA [R5
T 35 77 35 v e il 1) Rk K (A2 4K . Herrgard B
RRZH ™ R T — ol T el R AR A A R
S A B T 6 R 8% = EE DY B A S (rapid

reverse phase ion-pairing liquid chromatography triple
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quadrupole mass spectrometry, RapidRIP) Jj 7%,
454 MRM RER L, 27 £ A 2 5 min 1)
I IA) N E B2 T 2 2R IR . AZH R AR R 145 102 Fif
AR KW 1 B AR P . e JE & QB 4 T SRMY
MRM 731 75 12 1 88 A2 IR NN IR T i 7 MCF ACH
g OSSR AL B

BEAL, BRI G B s R g (PO Ak
FREs7 B DORRAT CATIF ), AATA e
TSP AT I BB I (parallel reaction monitoring,
PRM) AR, A AR REE 77 AL M AT i |
HATAI Cn Bl S )

H T SRM/MRM, PRM 3 #5 14 J R B % 5
. HET#S 7T E TR s SR, B
BT ITRTE R, CAE B bR OB 7 € & 7 1A B

il R, AR R AR A E B A T TR B T
ISz I 77

b6 2 e 3 R VAR £ % A T 3 R 1R R R
A, AT L AT LAFE 7y 51 3 SEIMCF Hh K &
B A LAY AL E B AT, KRR A
PRI PSR S, MRBENR L2,

2.4 BEHXBOFEESITHHSESEELIEN
EYMERFEIR

1+ 08 R VRUAH € % R T 0B A T 7 AR K R ) 4K
FEEE, BHARGEENSELE &5 21T
oo J i R A 7 AR 10 T 0 B T R S AT R AL
SR, MR 7 i g e Ve B BRI S S A8 i Ak B 45 AT

Ql Q2 Q3
[ 10 o 2
0, ® ° =
8= ¢ m» LU = e, =
Precursor ion . Fragment ion miz
selection Frngumcii] isolation
(a) SRM/MRMF- & #i5,
(a) SRM/MRM acquisition mode
Q1 HCD Mass analyzer
o ; " e mE
[ ] [ ] L] oy
.. - ﬁ @ .,-. 0o ® ¢ $ o. ° g ’
a | 1l
Precursor ion Fragmentation Fragment ions miz
selection
(b) PRMFAEHL
(b) PRM acquisition mode

B 5 e R AR A R Lo

Fig. 5 Schematic diagram of the targeted acquisition mode!*”

K2 ETWHEEFESAR N RER SR D 7€/ RILE

Table 2 Summary of quantitative studies of key molecules of strains based on liquid chromatography mass spectrometry

I SR AR A B A A Sy BT B CRE R AR A KA fED 22 ik
i n) SR AR KIGHF B E.coil 25 min J7 286 P E B KA AT B 600 2 5%k (29 50 BF /KD [96]
R ) R AR R P B BE S cerevistae 19 min B 2053 B 86 FE 78 SR 796 AN B RE A bk 2 1 0 41 (240 70 K /KD [97]
AR ) R AR K B E.coil 4 min 53 2580 B 5T B 226 AN IR0 (29 320 FE /KD [99]
EFEPIE S FRP I BE S. cerevistae 15 min 73 BB B 25 A X0 BT A 2R Goass I 25 1 (20 90 £ /KD [104]
A ) R AR FRPI R BE S. cerevistae 23 min 43 B 56 5 5 E R I 100 AN BERE 2 (T2 (2 45 7 5/ [115]
AR ) R AR P 9 BF S. cerevistae 5 min 43 B KRB 5E B 1900 Fh 2R 1 (£ 280 K fh/ KD [116]
) R AR KW E.coil 10 min 43 29565 15 72 2 400 £ B 8 1 (2 130 FF 5 /KD [124]
E i mpieS W S ST Pputida KT2440 32 min 73 85 B B 2 1 132 R0 2R 19 03 (20 40 FE /D [125]
B ) R4 KNG E.coil 5 min 43 B AR EERG I 102 Fh A (29 280 BE /D [126]
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B J5 HE4T Z e Gt AT R AE WS B 2R Y X
— ok B DLAE B A KR A & AT, W
MaxQuant. Spectronaut. MZmine. XCMS %5, It
Gb, CERIE T 2 WU [a) K8 508 48 ab 38 % Oy #r
I T LA
241 HEAE

R RENESHTHAREERBEEE .
MR B R B B H AR S T g R B, HE
LERLKHRE S SBRAERGSAMX ), A
ANH oGl NMRBH M2 B DR A X o0 R AR (S 5
HuEFEsx TageEa i HaEE. i,
el B AT AR R R A KR B S, N TR
e AU AL P B,k TR KR I R E 3 A B
WP & N T Rk BRI H I B, Aoshima
S IR T — R T — T RS A (0 T bR 1 A
TANE BHIE (AB3D), 1% 7 V5 R 3 Bk 5o
LA &S & 5 38 fe AME BB S48 B AT I AE 12
B B P A PR T AT RS U . AB3D K 2D B
J7 AT A/ RS B U T s B TR AR P 4 A 2D
BRAG BT PR A B R AR A o A S IR
Pk Bartonella quintana MK 7 AB3D B35 1) € &
RE 1 S s AT a8 EE DY Rl A B T A
(MZmine2, MSight, SuperHirn 1 OpenMS) 4 #t
WKL 12~151%, (HEERIMY. LT
AB3D &%, MZmine2. OpenMS fifi F £ Ffi A [F] 2
IR AL 5 0 DL S i NPT ARAG T H, RGP R,
HEAE BN 44 12 MSight M JE 46 £l SO A4
B G BAR T 56 T R i A i, 4R BN B
RS S, i EAR & 5 1Y SuperHirn i
% H X SR NS 5 G TR A i AT B b 3, R Ak
B AR T [FAL R AR SR A T S A
PR SEM RS FEERE L, H A% £ N
%, B 4y B i FE A R IS R R IR G 0. Kiefer
&5 U I % 7 % T Python °F- & 1) DynaMet § f& £,
F T A Jo 1% JiR 4 24t vh E 3 32 BR) AL 25 AR I RFAE
A {E 10 min PY$2HL 386 MBS FRICHFIE, JRAEZ T
W S K #F 18 8 25 b i SR 56 A ik 1 iz 7 v
TWiE M. seah, TN TR BEFIALES 22 21 1 K
i RV 6 WAE G A 2 AU TR S8 e R
LA, KKIEFET o Hr20% , Ralser B
IR R T R T AR R DIA HOHE R

(DIA-NND, FI| FH 7% FE #0122 (X 2% 53 B (deep neural
networks, DNNs) Z;#FHSIfE 5 58, KER
() B A S 5 R IE SRS 4 = e 1 e B HERA R, T
£33 h A T I R 58 AR 364 S EBERE A (R B AL BE

UbAk, WEFEE LT KT — R BV B ] SR AR AR
F A A B L P e el 2 e A 0
ARFE BB A A, Aebersold %5 MY R TR
B 5 ¥ ¥ % (transfer of identification confidence,
Tric) SHIEIAN 7 ORKUALEE () 85 1 5 40 24 45 H
AT B 2R R BB 3T A
XEEXT . G ISR IR E B 5, PR KRR ]
AR AR 2 MR 2 R BRI A R 1 1/30 Zhu
S TR IR T — Tl T ) KR ASE A v A U5 2 2 B Ak
P 1 R 8 MRMAnalyzer, H T H 3 {b &b # 3t
MRM 8 2 (1A L2 HdfE , WT 7 20 min A AL 2 6
B 8000 4 BE- B R IR A B A 2H 2 e 2
242 RFESHT

e BRI R A R R R e A
Bk, XEAE ST SRS TR, T HE L
iy ) B FRAL B S )R, R R AT IR AR G
AT SEYE BT . Kang &5 M 08 TR L
T2 H b5k £ A0 5 A B AR I i T H (metabolic
engineering target selection and best strain identification
tool, MESSD), JH Tl &5 W £F £ 4 A4 7 A 1 Y
e RS AL AR AT 24 . MESSI A BL oA & 1 =
AU 2 0, IR R 3 A AR R AT
CASRAS AT S H Ar Al 6 0 e 77 1) B 280 TR G 1
BERi k. Karp 5" H R T —KAEWE L% T A
(pathway tools, PTools), T UL NHAMMEAEY) . £
AR A UL Je iz SRR AH RN AR v Cln R A 1D
H 34 B e B AR W 25 1, FEmr DLk — P &R
A ATIXLE R 2% . PTools tH A] H T~ ] F Ak 22 A 2 #1
BAR W 2%, o #r il =AU S s 45, A5 Bk 7
N 70 B B e B A A P A DX o X AR
KBS B A3 o i TH A G R 3.

AR, iR k. TR BRI KR
N AR B 3 5 DR B 0y 1 e By T SRR 1S HE

£ MCF il & I U7 i, H 346 e 24 1 i B0 i
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3 KRBT E BB A A S S B AL

Table 3 Summary of data processing software and bioinformatics tools in the quantitative analysis of key molecules

B LE SHT 5 P 1k SR
AB3D EARHA http://www.first-ms3d.jp/english/( Mass++{di - [132]
DynaMet i https://pypi.python.org/pypi/dynamet/ [137]
DIA-NN EARHA https://github.com/vdemichev/diann [140]
Tric Ed=lriE http://proteomics.ethz.ch/tric/ [141]
MRM Analyzer Rl http:/link.springer.com/10.1007/s11306-015-0809-4 (R £) [142]
MESSI M e http://sbb.hku.hk/MESSI/ [144]
PTools Rt https://brg.ai.sri.com/ptools/ [145]

TR JE TR B . ESLAT ALZE AN
B 0T Vs AR Sy B A v 0 R O B A 2 Pk
A DL BB PR R 9% . LB B 3% A0 B 9%
SRR 2T B B AR AR o T O 3 R AR 1Y
KA ST 25 S b 7 G AT b HE, 5R
MR 7 K B AT 90 5 12 7 LA o 208 o A vl Sk .
£ MCF QU@ B 8 o FoE &7, H 3Bl
A Sl B N P T B v 2 B = 1 [RT B 9 T AN
Wz, H5 O AR SO E A R R T
filR AR5 A S BT B R B R ) PR R A B,
55 SPE 5 SPME AH &5 & 528 1 1 R A C U 4 PR3 A
WAL . RSB Tm, DLERMERE. A
T B A b 1 D AR I R A R 4
BT By ANFEZRA s, W RPLC K&
HILIC, A A 7] 28 7Y 5 5 4 T4 1 22 Fh i % .
FE R GRS I 7 T, LA DIA Jy 3 B 3E 58 1) 5 i K 4
BEUR AN T DDA BEMLYE K A SR FaE, )y i i G
BT % E A BOEFE; SRM/MRM BB ] R 48 4t
XromisyFrEERMLERTHE, i,
DIA-NN. Tric %5 F - &b 2 K 74 49 % 50 40 4 (1) #A
JAEE B TR CAR R ROE .

HOAT, 5T 0 4 R 1 B PR v R IR T ik
kb TR B, B R A 00 o 1 5 R DA R PR
ESI KX AL . (HFRERIE, AL E % it £
PR, (EX TR MCF B R 98 30 5%, ey
X A B A1 7= kAT PR SRR o A AT R T R R
) R s T LE S BT 4 P PR A, T X B AR AR
RWERT, FrREEERE. mEIEHAIML
(1) F il 1) 2% 7 ¥ 0o R U ) T PR R O R O I
BAFICAEE ., EFEK, 2R A AO80)
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