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1 A %

L1 BE#k 5

E. coli K12 MG1655 T bk i A S % (R, i
FH B Triple Quad 4500 ( AB SCIEX, USA ) = PUZ% T
T AN 5 FC A & LR o VA (53 A ( UFLC LC-
30AD ), & AL WA A 3% 4L A Ultimate3000
( ThermoFisher Scientific, USA) , Bt A 4 (UV) &l
fr MoR 25 (RL) R 2%, & R £8 3% 46 ( Sigma) |
ATP, ADP, AMP NAD* NADH  NADP®  NADPH,
CoA | Acetyl-CoA 25 1 [A] X i 7= 91 ¥ W) T Sigma,
Dibutylammonium acetate ( DBAA ) 3k H TCI Europe
NV, Zwijndrecht-Belgium,
1.2 BRI R ES
.21 M9 EFEE2%FEHME)EF: K 10 g
(NH,),S0,,8.5 g KH,PO, ,1 g MgS0, -7H,0,0. 5 g ¥
R4 ,0. 066 g CaCl, ¥ T 873.5 mL 7K, 115 C K
30 min, fFKESERE RS, A 4.5 mL 4E4: 3
W, 100 mL 20% % BE DL K10 mL Bk =R
( Thiamine ) IR JH B KA 5 mmol/L NaOH &K
T pH N 7, B 4.5 mL {3 42 R IR A W ( Trace
Metal Mix ), 4 2 % W H 0.42 g¢/L Riboavin,
5.4 g/L Pantothenic acid, 6 g/L Niacin, 1.4 g/L
Pyridoxine ,0. 06 g/L Biotin,0. 04 g/L Folic acid ZH i,
W o JEBR P, Trace Metal Mix H 27 g/L
FeCl,-6H,0,2 g/L ZnCl,,2 g/L CaCl, -2H,0,2 ¢/L
Na,MoO, - 2H,0, 1.9 ¢/L CuSO, - 5H,0, 0.5 ¢/L
H,BO,,100 mL/ L 35 12 23 A%, 3 MR BR A, Thiamine
R 10 g Thiamine T 1 L ddH,0 ", i3 EBREA
1.2.2 RGARIAERE QBRI a9 B H .
PRGN KR (AR 2: 1) B - 40 C
oK A& . & E SRR R 2 1000 mmol/L
NH,HCO, ¥ ¥ ; it J5 ik #] J& 100 mmol/L Tris ( 2-
carboxyethyl ) phosphine ( TCEP ) ¥ W ; k¢ 3% 1k i 57 J&
200 mmol/L Ml ZTER% (TAA)
1.3 HmE&ERERNAE
1.3.1 BEBABSWHEMEIEHTE N1 nL
W, 5 850 (8000 x g,%ll} 2 min) M ¥ 0. 22
pm (EIE S, F T HPLC 3 280 S 25 25 R 4 Il
Y, B A 25 KRS oD {8,
1.3.2 AR RS & RARE T & K sk

K 0D A fe i 8 K [R) AR K I BE Y BR AR, B A4 L
HON 350D, BUHI R AR B BRI T 50 mL 2505
Hi 7E 4 °C T L8000 x g B> 5 min, Wi £E B 1A LI
K LS, BT - 80 CUKA & . B% R
— 80 C VKA P B BT oK B, R IR R
2 mL BEOE T, EAE TSI A 600 wL 1
Wi, A 0.5 mm(2 -3 P) BEHERIRYS 1.5 min
(A - 4 F Sl AE S PR AT X, Tissuelyser48 , I
A ERL ), A BERE 10 min 5,4 C T B L
(8000 x g,10 min) H 75 550 wL, 5l A
WHEBEERR 2 K5, 63 K EER, FH
SR WER R K B RAHLER, 2K IE R E T
— 80 C VKA WA 5 L 25 TR R T B oK
H A A FHE S R LFE,

1.3.3 REEAEARASHIS . RBRERUEAIR
7k AR IR AR S 5k RN - 80 C
VKA B B T K ik, IR E B, A
1 mLKF%Z 15 mL 08 hEE, 5 2 ml
BT ,8000 x g(4 C)HEL 5 min, 7 B,
FHE A5/ B BEDTTE (1) D7 i 04T 8 (R R, Bk b
BAF R AR B LA P, A 400 pL 4l
B 5, RIZUIR 5 A 100wl 59 58405 , il 24 9% 3 ;
A 300 pL g4tk , B4R 5, DL & 2B O L
e KL B 0 1 min, 43205 B 120 B B2 8
FREIHL FMA 300 wl /YRR R BRI
FTEL(FREM)2 min, B 2 HEMEGZE.
TR A BRSO T 8 30 min, IR AFTE
- 80 CUKAE . W & AW W Jr % Bio-Rad
Protein Assay TE4H 7% W2 % SCHk([8 ]

1.4 FEAMMEIEREHSLE

1.4.1 EAWMMBAEHEAFENMN -80 CUKH
R = R RLE S RS, B 100 wg & AR G
FELET A0, 2 pg/wl BSA WK 5 pL fERN
Fr, IRAIE , A 100 mmol/L NH,HCO, Wi {4k £
RFA 200 wL; MIA 10 L ¥k B4 100 mmol/L 1Y
TCEP ¥, 121,30 CRBE 1 hs iINA 10 wL WEEH
200 mmol/L TAA ¥, 121,30 CHEE N 30 min;
Ve B B W B, Ll 0.2
pe/ WL, R 1R 5 R A R 1 1.20 A9 LR A A
0.2 wg/uL BJEE FE, 37 °C I 12 =16 h; ¥l
fiff J5 1 2R RE A LS B0 W AR UE T, BT
-40 CH R ER AL B
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1.4.2  BiEh4bER . fiiH Ziptip C18 T ZHTHE (5 peg
FEZ ) Bk, BARGE RRNR  E &TE  (50% &
i) PR (0. 1% =3 LTR) PR (0. 1% =3,
2/5% L) BRI (0. 1% =FZHR/50% 21 ) ;%%
JET I P it AR A (2R 2R 1 g/ pll) L i
el R 1 ; Ziptip C18 (R E M, S ISR
FRZMRIZNTRE 7 - 10 YK 5 PP i ok 2 52
7 =10 YOTA JZ AR s BORE S 10 L, 5 2 4Rk
2 KT 5 RS G ERES TP e A2 18 b
Ve 7 —10 WAL 505 1 10wl YERR BRI Z K= 1
R B TR SRR T R0 2 I LS B0 Mk 44X
i+, & -80 CukAah, &M, EALATH A #H 100 pL
SRR (EAEER 20 wl) IR IEIR )5, I i Al
AP AR SR, 25
1.5 BEBRAEBFYEESE

Ultimate3000 ( ThermoFisher Scientific, USA) , Fic
AHERINUV) K5 R 22306 (RD) A28, 45 4h
R 4k 210 nm, E3EH N Amidex® HPX-87
Ion Exclusion Column (300 mm x 7.8 mm, Bio-Rad,
USA) , AN 5 mmol/ L KRR /K VA , 25 BE VRN 35
min, FiiE K 0.5 mL/min, FESIEREE N 20 pl,
1.6 LC-MS/MS Rigi¥IEEXLL

T TR A B A W] UFLC LC-30AD, Jfi %
X254 : Triple Quad 4500 ( AB SCIEX) , UFLC 4514
WA A #H.2 mmol/L DBAA F/KH, Il A 5%
(V/V) NG, WishAH B #H.2 mmol/L DBAA F7K
A 84% C N, WANAHEREE. 0 - 2 min, 4EF
2% ) B ;2 — 10 min, B A 1 29% £k 34 fin %)
100% B #H;10 — 20 min, 4E+F 100% B #H 10 min;
20 =21 min, B #H 100% F#EKE] 2% ;21 - 30 min,
4:FF 2% B AH 10 min, 53544 Shim-pack XR-
ODSIII( SHIMADZU) , i# 4 0. 2 mL/min , AR A il
JEWEN 45 C, HFARTL10 pL, A SRR e
F10 °C, BFIHRSHU T CUR;10.0,CAD:8,1S:
-3000, TEM: 350, Gasl : 60, Gas2: 60, DP; — 130,
EP. —-10,CXP: — 13, Detecter CEM: 1900, J&iiJ5
P MRM , L2 X S L Rlf 4 RE 5 S 80N 1,
FI LS 22 ERE (WiH .7 wl/min) B9 07 2, Xt 45—
PP 0 bn e & 7 B335 Triple Quad 4500 #£47
B R RE A
1.7 LC-MS/MS #EmERHAEEXW

| H  Skyline 2.5.0.6157 ( University of

Washington, USA ) 4 1% 11 K B # & & Y £ 4C 8
(AL BRI A R A, BEMR O IR A, =R MRIE 3R, TR
B R K WA KR WA R AR 45 ) W My JLA 3R
KR R 1 2R A I Label-free J7 12 T R BE X
mk 2 pian, BRI N, 7€ Uniprot M 3
(http://www. uniprot. org/) H 15 E| W& 1 Fr 7/~ 19
KI12MG1655 QM K 1 46 K 2 5000 3 H A 2R R
), ¥ H 5 A Skyline 1, # 2k H Global
Proteome Machine ( GPM ) % #& J%E ( http : //www.
thegpm. org/index. html) A S 3% A7 52 56 2= %F K #F
BRI A 5 E SR 45 2 19 5600Q-TOF K dl: & A
Skyline FPAE Jhy % PR E0CH0 42 ok 6 B e £ H AR A H1 Y
ZIKFH], BAEAERE3 -4 D2IK, B2k
FE3 -4 NETX, ZIRAYEEFEEEAN 8 -20 M
BERRAECRE A AN LA, B TR Y B R TT RE 1B 4
A RG] o BE AT R Y TR 1
R 1. FERETHY MRM S

Table 1. MRM parameters of intermediate metabolites

Intermediate Parent ion Product ion  Collision
metabolites (m/z) (m/z) energy (V)
AMP 345.8 210.5 -24
ADP 426.0 133.6 -33
ATP 506.0 158.4 -34
NAD* 662.0 540.0 -28
NADH 664. 1 408.0 -42
NADP * 742.0 620.0 -25
NADPH 744. 1 408.0 -45
CoA 766.0 686. 1 -47
Acetyl — CoA 808. 1 728.1 -50

Kz 25, 1858 0 MRM J7 23647 9
S, A9 B AR B R S8 R B Tk AR R
Scheduled MRM, T4l (1) 77 ¥ WLSCHR [ 10] . 3% J5
PR R A R 5 A F) UFLCLC-30AD, i
X %8 : Triple Quad 4500 ( AB SCIEX) , UFLC %14 .
WA A A KFIIA 0. 1% (V/V) BH R, i sh
A B A ZHEH A 0. 1% (V/V) IH R, FishH
FAEE .0 —2 min, 4EFF 2% 19 B #1152 - 30 min, B A
2% LEPERSINE] 65% B ;30 — 31 min, B M H 65%
A S 2% ;31 —40 min, 4645 2% B A1 9 min, {4i%
¥4 Shim-pack XR-ODSIII ( SHIMADZU ) , i # &
0.2 mL/min, AR FE WL EE I E N 45 °C, R
10 pL, ASIH#EFEARHREEE R 10 C

B AT b 22 IR T AR S INBR R T BSA
(ARS8 ) W AR 2 b, VR i 2 IR AR X 5 i
AN TR fih 22 ) [ 2 R AR X 5 184k
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®2. TRGEEEARENESIEBRRE T

Table 2. Selected peptide transitions of proteins in primary metabolic pathways for relative quantitative

Pathways Protein names Peptides Parent ion (m/z) Product ions (1)
Glycolytic Pathway LLPWIDGLLDAGEK 770.42 v12,y10,y9
(EMP) FbaA DSVSYGVVK 477.25 V746,75
ANEAYLQGQLGNPK 751.88 v10,y9,y7
GASQNIIPSSTGAAK 701.37 v9,y8,h2
GapA VPTPNVSVVDLTVR 748.43 y12,y11,y8
AGIALNDNFVK 581.32 v8,v7,y6
SLYEADLVDEAK 676.83 v10,v8,y7
Pak VATEFSETAPATLK 732.88 ¥9,¥7,y5
VLPAVAMLEER 614.34 ¥9,¥7,v6
FTGWYDVDLSEK 730. 34 v8,v7,76
GpmA GFAVTPPELTK 580.32 y7,y6,b3
YYLGNADEIAAK 664.33 y10,y9,y8
AFFANPVLTGAVDK 725.39 y10,y9,b3
GpmM(1) AFVNADFDGFAR 665.31 v8,y7,v6
VATYDLQPEMSSAELTEK 1006. 48 y13,y11,b7
IMIDLDGTENK 624.81 ¥9,v8,y7
Eno IQLVGDDLFVTNTK 781.92 ¥12,y11,y10
SGETEDATIADLAVGTAAGQIK 1059.53 yl4 ,y13,y8
Pentose Phosphate WAADIHITPDGR 676.34 y7,y6,y5
Pathway (PPP) Pgl EGFQPTETQPR 645.31 v7,y4,y2
YAVGQGPMWVVVNAH 814.41 ¥5,v3, 12
NLALNIESR 515.29 y7,y5,b2
Gnd EFVESLETPR 603. 8 ¥7,76,v4
EAYELVAPILTK 673.88 v7,¥6,y5
GQIEGAVSSSDASTEK 783.37 y12,y10,y9
RpiA FPLPVEVIPMAR 684. 89 V9,7, y4
GADVALIGTPDGVK 656. 86 v9,y8,y7
EAILEAQSVK 544.3 v7,76,¥5
TktB VVSLPSTDIFDAQDEEYR 1042. 49 y10,y9,y8
GAIVGMTGYGESAPADK 812.39 yl0,y4,b13
EGINCNLTLLFSFAQAR 977.5 ¥9,¥8,v7
TalA ACAEAGVFLISPFVGR 847. 44 ¥9,¥7,¥6
TEQILALTGCDR 688. 85 V8,y5 ,v4
QYTTVVADTGDIAAMK 842.42 yl4,yl1,y10
TalB EYAPAEDPGVVSVSEIYQYYK 1204. 07 yl1,y10,y5
NIGEILELAGCDR 730.36 yl1,y8,y7
Mixed Acid MTVFITDLNDFATINEVYK 1117.56 yl1,y10,y9
Fermentation (MAF)  TdcF QFFDEHQATYPTR 547.25 v6,y5,y3
LEIEAIAVR 507.3 V7,¥6,75
VEVDANKPEYPSVTPR 600. 98 v6,y5,b2
HycE DMYGLIPVGLPDER 787.9 ¥6,y4 b5
GDDIHWSMTGDNOQK 802. 34 ¥9,v7,b6
ILVIAADER 500.3 V7,¥6,y5
HehA FEYWAMPHK 604.78 ¥7,v5.,y3
MGMNIINDDITGR 725.34 v9,v8,y7
VPDIGADEVEITEILVK 920.5 y13,y12,y11
AceF DVNVPDIGSDEVEVTEILVK 1085.56 y13,y8,b3
FGEIEEVELGR 639.32 ¥8,¥7,75
AFLNELAR 467.26 v6,y3,b2
o DVVIISTLR 508.31 v7,¥6,y5
EQMLELLQOR 644.34 V746,75
NMSDLSLETTLFNEK 871.42 v8,y7,y4
DFWDGPMVIK 604.29 v7,y6,b8
LIdD

GILDPEDAR 493.25 v7,y6,y5  (fF4L)
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gik2
Pathways Protein names Peptides Parent ion (m/z) Product ions (1)
Tricarboxylic STQVYGQDVWLPAETLDLIR 1152.6 yl1,y10,y9
Acid Cycle (TCA)  Ted GPLTTPVGGGIR 562.82 y10,y9,y7
HPELTDMVIFR 679.35 ¥10,y8,y7
QQASLEEQNNDALSPAIR 992.49 y12,y5,y4
SucB ESAPAAAAPAAQPALAAR 817.44 yl2,y11,y10
GLVTPVLR 427.78 v6,y5,y4
DSILEAIDAGIK 622.84 ¥9,v7,y6
SucD FAALEAAGVK 488.78 v8,y7,y6
SLADIGEALK 508.78 v8,y7,y6
DSMGAIDVPADK 609.79 v7,v6,b8
FumC MPTSLIHALALTK 698.41 y10,y7,y6
ASELLGGVR 451.26 v4,y3,b5
SDLFNVNAGIVK 638.85 v9,v8,y6
Mdh SNTFVAELK 504.77 V6,¥5 ,v4
IQNAGTEVVEAK 629. 84 y10,y8,b2
GSVNPECTLAQLGAAK 808.41 yl12,y10,y7
AceA TIASFQQQLSDMGYK 858.92 v9,v7,y6
Fatty Acid INAEDPNTFLPSPGK 800.4 y13,y10,y5
Synthesis AccC NALQELIIDGIK 663. 89 v10,y8,y7
Pathway (FAB) TNVDLOQIR 479.77 ¥5,y4,y3
GLMLNVTDPASIESVLEK 958.51 y12,y10,b6
FabG AEFGEVDILVNNAGITR 909.47 v9,v8,y7
AGILAQVPAGR 526.81 v7,y6,y4
FTGQVLPTAK 531.3 ¥8,y6,v4
FabA LIMGLADGEVLVDGR 779.42 y10,y9,y8
VGLFQDTSAF 542.77 y2,y1,b9
TSVVNASISGDTSQQGLAR 945.98 y13,y12,yl11
TesA YNEAFSAIYPK 651.82 v7,y6,y3
QLQPLVNHDS 575.8 v7,y5,v4
DWGVDVFTVPGK 660. 34 v8,y3,b9
BirA NTLAAMLIR 501.79 ¥6,¥5 ,v4
AALELFEQEGLAPYLSR 954 y8,y6,b12
DFNCEDIISR 634.78 v8,y7,y6
FabF ASTPLGVGGFGAAR 630. 84 y11,y9,y8
DGFVLGDGAGMLVLEEYEHAK 1125.54 y12,v9,y8
Internal BSA AEFVEVTK 461.75 v6,y5,y4
standard (2) VPQVSTPTLVEVSR 756.43 yl1,y10,y8
QTALVELLK 507.81 v7,y6,y5
(1) Product ions: b/y ions formed by collision — induced dissociation ( CID); (2) Each samples were added internal standard (IS) used in data
processing.
B AE T
BE A 5% 57 I (8] 14 SE | B8 6 v 0% 7 7 4 R
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Figure 2. Extracellular metabolites changes of different growth time. The concentration of formic acid and acetic

acid use the secondary axis ( gray color) , others use the main axis (black color). The dotted line indicate the

change trend of OD value (do not indicate the accurate value).
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Figure 3. Intermediate metabolites changes of different growth time (I: Exponential phase; II; Stationary phase; III; Decline phase). A, B; Two different kinds

of data forms produced in the same data. The downward black arrows in B and C indicate the concentration is lower than the minimum detection limit. C;

Indicate the concentration of CoA, NADPH and NADH. D: Energy charge = ([ATP] + 1/2 [ADP]) / ([ATP] + [ADP] + [AMP]).
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3. FAAERKRET (LIHEKE; L BEH;NLZTH) BEFERBERERRIZETN
Table 3. Proteins expression changes of different growth time (I Exponential phase; II; Stationary phase;
II. Decline phase) in primary metabolic pathways
S;:Vth Pathway/Proteins FbaA GapA Pgk GpmA GpmM(1) Eno
1 6.5+1.1 933.5 £42.0 13.4 £0.3 63.1+£5.6 3.7+0.1 90.7 £2.8
11 Glycolytic Pathway 42.4 £1.7 635.8£79.1 27.2+£2.6 191.5 £26.8 16.6 £0.5 391.8 £89.8
11 502.4 +£77.9 179.3 £58.5 25.6 £8.3 150.5 +£15.0 7.5+2.0 23.1x1.6
Pathway/Proteins ~ Pgl Gnd RpiA TkiB TalA TalB
1 7.6+1.1 7.7+0.5 26.2+£2.6 1.4 +0.1 4.3+0.5 3.4+0.5
1l gzg:‘:;y Phosphate gg 1 43,8 35.8£2.2 151.215.8  4.520.2 12.5 +4.9 26.9£6.9
111 237.5+£29.1 124.4 +22.7 76.9 £15.6 4.3+0.1 26.9 £2.5 68.9 +10.1
Pathway/Proteins ~ TdcF HchA AceF LpdA DId LIdD
1 898.4 £97.8 49.1 +8.8 6.6x0.7 1.7+0.2 60.4 £8.5 16.4£1.9
i Mixed Acid 2594.3 £425.9  53.8 +2.8 16.2 +0.3 7.7+1.3 359.4 £13.6 66.0 £13.5
Fermentation
I 3233.2 +£321.7 33.5+5.5 30.7 4.8 36.2+6.3 46.6 £10.4 49.1+12.7
Pathway/Proteins ~ ITed SucB SucD FumC Mdh AceA
1 ) ) . 5.3+1.5 7.4+0.3 38.3+7.4 27.3£5.8 25.7 £6.1 4.3+0.6
I E'y‘sﬁjb”xyh“ Add sy 4433 27.2£3.9 69.2£2.6 223.0£66.4  52.0=13.1 4.7+0.4
I 29.7 £4.5 32.7+2.0 151.3 £16.5 42.0+10.9 100.9 £11.6 11.1 0.6
Pathway/Proteins ~ BirA AccC FabG FabA FabF TesA
1 ) 7.2+1.4 30.7 £6.8 106.2 £14.0 34.5+4.6 6.7+0.2 8.8+0.9
i g;::glizdpmhway 19.6 £0.8 51.2£3.9 276.440.3  90.4%3.7 13.2:1.4 25.851.2
I 27.0+£2.2 47.3+7.3 236.2 £43.1 31.9+£5.2 14.9 £0.3 8.5+0.5

Data present the relative protein concentration ( normalized average peak area/corresponding protein molecular weight x 1000) + SD of three replicate.
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Quantitative monitoring targeted proteins and intermediate
metabolites in Escherichia coli primary metabolic pathways

Yongho Cheng',Zixin Deng"” Tiangang Liu"*"

"Key Laboratory of Combinatorial Biosynthesis and Drug Discovery ( Wuhan University ), Ministry of Education, and
Wuhan University School of Pharmaceutical Sciences, Wuhan 430072, Hubei Province, China

*Hubei Engineering Laboratory for Synthetic Microbiology, Wuhan Institute of Biotechnology, Wuhan 430075, Hubei

Province, China

Abstract; [ Objective ] This study aimed to monitor targeted protein expression levels and changes in intermediate
metabolites in the primary metabolic pathways of Escherichia coli to obtain basic data and to develop testing methods that
can be used in metabolic engineering. [ Methods ] We used the Skyline software to design a label-free method (multiple
reaction monitoring) for relative quantitative monitoring of proteins from primary metabolic pathways (i. e., glycolytic
pathway, pentose phosphate pathway, mixed acid fermentation, tricarboxylic acid cycle, and fatty acid synthesis
pathway). We used the same mass spectrometry platform ( Triple Quad 4500) for liquid chromatography-tandem mass
spectrometry ( multiple reaction monitoring ) analysis of targeted intermediate metabolites during absolute quantitative
monitoring. [ Results] Protein expression in the primary metabolic pathways of E. coli showed four different phenomena in
the different growth periods ( exponential phase, stationary phase, and decline phase). Expression levels of a single
protein cannot provide accurate information regarding the status of these pathways. More proteins in the pentose phosphate
pathway, mixed acid fermentation, and the tricarboxylic acid cycle showed the highest expression in the decline phase,
but accumulation of several targeted intermediate metabolites ( ATP, ADP, AMP, NAD*, NADH, NADP", NADPH,
CoA, and acetyl-CoA) in the stationary phase and decline phase correspondingly decreased compared to the levels in the
exponential phase (in addition to acetyl-CoA ). [ Conclusion ] The detection methods used in this study can help
determine the basic conditions of E. coli metabolism in wvivo.
Keywords: Escherichia coli (K12 MG1655) , LC-MS/MS, metabolites, targeted proteomics
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