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Metabolic regulation of isocitrate lyase regulator in
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Abstract:
lyase regulator (IcIR) of Escherichia coli represses the expression of the aceBAK operon that codes for the glyoxylate

Gene expression is regulated by different transcriptional regulators. The transcriptional regulator isocitrate

pathway enzymes. In this study, physiological and metabolic responses of the deletion of the iclR gene in E. coli BW25113
were investigated based on the quantification and analysis of intracellular metabolic fluxes. The knockout of the icIR gene
resulted in a decrease in the growth rate, glucose uptake rate and the acetate secretion rate, but a slight increase in biomass
yield. The latter could be attributed to the lowered metabolic fluxes through several CO, generating pathways, including the
redirection of 33% of isocitrate directly to succinate and malate without CO, production as well as the reduced flux through
the pentose phosphate pathway. Furthermore, although the glyoxylate shunt was activated in the iclR mutant, the flux
through phosphoenolpyruvate (PEP) carboxykinase kept almost unchanged, implying an inactive PEP-glyoxylate cycle and
no extra loss of carbon atoms in the mutant strain. Both the reduced glucose uptake rate and the active glyoxylate shunt
were responsible for the minor decrease in acetate secretion in the iclR knockout strain compared to that in the wild-type

E. coli strain.

Keywords: metabolic flux analysis, metabolic ratio, isocitrate lyase regulator, Escherichia coli
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2.1 iclR EE BRI E R R F R R0
KM FF B LR TR RN 2 AR R A R LR 1
H1ZE 1 AT LA, KT o L6 B A 28 A8 ik

(K b A K %4050k 0.61 h' AT 0.58 h',

icIR JE PR ) e B A R A o1 A e R B AE KRR

BT 5% , [F Ak AT 110 8 A5 4 0 1) LT R

FET%  11%F 7% o KI5 T F1 58728 B
f B AR AR 43 B 0.35 ¢ DCW/g 7 %5 B Al
0.37 g DCW/g %t , AHXT TG TR T 5, iclR
R AT ) IR {1l 8 742 R A TR AAC T 38 AT 4205

2.2 iclR ERE BRI M &P RSRE
Byl
KT 1 06 TR AR AR RR AT 4> TBDMS £

LRI HoE % L I 2 TR AR 28, T Rl 13 4351 PEACHR SRR o B R 3 o0 A LAk 2 ANk 3,
F1 REBMREREDERPOERESNE
Table 1 Physiological characteristics of exponentially grown BW25113 and BW25113 AicIR
Strain ) Gglucose Gacetate Acetate yield Biomass yield
S Hmax (mmol/(g DCW-h)) (mmol/(g DCW'h)) (mmol/mmol glucose) (g/g glucose)
BW25113 0.61+0.01 9.41£0.04 3.85+0.01 0.41£0.01 0.35+0.02
BW25113 AicIR 0.58+0.01 8.75+0.05 3.44+0.03 0.38+0.02 0.37+0.02

*2 KBFEREG

B TBDMS fTAE W EREEBRNRERMA LT (BRKIE)

Table 2 Mass isotopomer distributions of E. coli BW25113 TBDMS-derivatized proteinogenic amino acids

(corrected)

Fragment * m, m; m, m; my

ms mg my mg my Experiment L

MS ala 085 0.7863 0.0295 0.1841

MS_glu 085
MS phe 057
MS phe 085
MS phe 302
MS pro 085
MS ser 085
MS ser 302
MS_thr 057
MS ala 057
MS phe 057
MS phe 085
MS ser 057

0.6038
0.4168
0.4228
0.7862
0.5757
0.7593
0.7853
0.6211
0.8935
0.7682
0.7802
0.9024

0.1154
0.1074
0.1068
0.0488
0.1234
0.1042
0.0491
0.1578
0.1021
0.2073
0.1916
0.0924

0.2331
0.1239
0.2148
0.1649
0.2488
0.1365
0.1656
0.0964
0.0041
0.0184
0.0229
0.0052

0.0318
0.1630
0.0940

0.0241

0.1004
0.0003
0.0056
0.0034
0.0000

0.0159
0.0978
0.0933

0.0279

0.0243

0.0003
0.0007

<

0.0378 0.0285 0.0168 0.0040 0.0039
0.0325 0.0288 0.0037 0.0032

0.0000 0.0001
0.0011

0.0001 0.0000 0.0000
0.0000 0.0000 0.0000

SRS SN e SN EN ER ENENENE

Fragments *

(M-57)", (M-85)", (302)".

Experiment

http://journals.im.ac.cn/cjben

: the symbols of fragments denote the cracking patterns of TBDMS-derivatized proteinogenic amino acids:

®: U, 20% U-"*C-glucose and 80% unlabeled glucose; 1, 20% 1-*C-glucose and 80% unlabeled glucose.
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Table 3 Mass isotopomer distribution of E. coli BW25113 4iclR TBDMS-derivatized proteinogenic amino

acids (corrected)

Fragment * my m; m, m; my

ms mg my myg myg  Experiment *

MS ala 085 0.7913 0.0273 0.1814

MS glu 085 0.5984 0.1120 0.2409 0.0248 0.023 8
MS_phe 057 0.4160 0.0997 0.118 7 0.1682 0.0977 0.0445 0.0318 0.0160 0.0036 0.0038
MS _phe 085 0.4225 0.0991 0.2170 0.0866 0.1019 0.0326 0.0332 0.0040 0.0029

MS phe 302 0.7793 0.0444 0.176 4

MS _pro 085 0.5857 0.1161 0.2525 0.0205 0.0252

MS _ser 085 0.7462 0.0936 0.1602
MS _ser 302 0.7801 0.0439 0.176 0

MS _thr 057 0.6366 0.1367 0.0967 0.1059 0.024 1

MS ala 057 0.8855 0.1109 0.0033 0.0003

MS_phe 057 0.7699 0.2122 0.0163 0.0005 0.0000 0.0011 0.0000 0.0000 0.0000 0.000 0
MS _phe 085 0.7694 0.2057 0.0224 0.0025 0.0000 0.0000 0.0000 0.0000 0.0000

MS_ser_ 057 0.9064 0.0828 0.0108 0.0000

U

C ¢ ccdaccaccda

—_ = =

1

Fragment *: the symbols of fragments denote the cracking patterns of TBDMS-derivatized proteinogenic amino acids:

(M-57)", (M-85)", (f302)".

Experiment °: U: 20% U-'*C-glucose and 80% unlabeled glucose; 1: 20% 1-'3C-glucose and 80% unlabeled glucose.

W8 K W #F 5L 4 TR R P B I Bk Y
TBDMS fi1 A= fb i 25 1 28 B R 1 Jo &t [7) 1o 445 53
i, PTG R] 2 Fh G AN A e T OCHE
AR5 o5 B AR AR A AR X i o A, A BPAR
B R (K 1),

M 1 AT LR, ielR KPR A K A 1
BN OB R B ED i 2 15 F MR
(f Pyr_from ED) REFH K. FBELRRH LR
Z AR R b RR AR BRI N BRRR R
BEBERR R AT 20 0y ERRAZ /N, A I R AR A
AN PIBRER fh SRR A B R BRI T
%, ULEHTE AR E IR IS LT, KA E
JE AR T AicIR RECGR TR 3P SRR Tt 1 S 7 119 37
PEXART .

% o Wi%thype
: @ Aic
0.6 H %

0.1 H ﬁ é m
0.0 LT 1 L T T T T T T 1 |

a b ¢ d e f g h

B 1 XBFEBEREN giclR EHRBIREIR EEE
Fig. 1 Flux ratios at several key metabolic nodes in
E. coli BW25113 and E. coli BW25113 AiclR. a: f PEP_
from_glycolysis; b: f Pyr from ED; c: f OAA_ from_
PEP; d: f PEP from OAA; e: f Pyr from Mal ub;
f: £ Pyr from Mal lb; g: f OAA from_glyoxylate ub;
h: £ PEP_from PP ub; Ib: lower bound; ub: upper
bound.
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2.3 icIR ERERFR X BRI 5 B R0

N TE iclR FED BRI KT w4
OAREEAR R, ] DL T s 2 A AR
REUR | BRRY LI S8 S AN A 1 2%
RREAU R AS rp O AR AR A T A SN U o
I LA BT AR A S A

KA FIATE A AiclR 520k A R gt
TR A TE O A 2 B

Glucose

100378

G6p 8 ,6pG 7> psp

D

(e}
<«

wm\o

3 PG Wild type
140 AiclR

COuy b CO, | g4

> Acectate

23 S 35
71 18
GOX
MAL co,
AKG
” 24

14 suC >
Co,

2 FEEMRTHRERERESH BERTITE
wmEmeRE HEUBFREILERER (BuU
mmol/(g DCW-h)) £ )

Fig. 2 Metabolic flux distribution of E. coli BW25113
and BW25113 Aic/R. The numbers are net fluxes
determined. The flux values are expressed relative to the

specific glucose uptake rate as indicated in parentheses
(in mmol/(g DCW-h)).
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PEIRAIE LRAR /N, BRI A o L R AR
K, PP iBARGE LLRAR/N, T R £ FRIE I R
i PR T 2 ) 9 AR R
2.4 iclR EFE B3 E KRS E MRS

N TN iclR BN KA 2
TR S B AT B, M T SRR S I Ot
W2 — 1 AT IR 2 B T (18] 3). HEITT
LA, dclR FEDH B rc o T e 5k 17 X S e
TR 2L MR M IAE T, NI G 15 3 T
BERR, #5760 5L L

0.8
07} ©Wildtype 1
B O AiclR
a8 0.6
g o
=
5 205
E
S.{: 04}
é E 03
A g 02f
3
~ 0.1
0.0

IcIR

3 KB EREEMRT KT RITERREIE
TR EEER

Fig. 3 Comparison of enzyme activity of isocitrate
lyase in E. coli BW25113 and BW25113 AiclR.
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FrEIR AR IR . e DL ERRIREE, N
i 5 A TR R B A A A I AT A R L A it
iE)VAE B e 2 T

A B PR T TR S % 4 396 P ORS00 T 9

FRBPIRAS, TE—SCBRUFIRMET , A R N 1

BRANET, ZRERR B IRARBOE =, 5ok, A
SCHRFR A 38 o B O S RAS . 2 dclR &

DR BRI 2 TR S A 3 1 8 02T, SR, 3
Tt 3% M B 43 B A5 R T i ME DL B E A
BT 4T L P 2 T TR S B S 7 ) 4 T R U A fip
FEa 3 T RAE AR P C RSN AT
LA ENE , REHA0E T KIGF RS
PR AR A R S B TR R e =, T
icIR K R A RO T KIGAT T Y SR
SR, ST ) A 294 33 % 1) AT IR IR
o R S HATAC
g (N s B N 7 B 21 S N i
Waegeman PSSR FHI4 4] PC ARic #i 24 K
IRATHIE (20% < 80%, W : W) LIREN C b
TR AR A (50% : 50% , W W) IR
B E AR IR BT RIB AP K12 MG1655
diclRAarcA WHRAER AW & 5 ek E s, )
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Appendix 1 The central metabolic network in Escherichia coli with the stoichiometric reactions

Reactions
vy GLC+PEP => G6P+PYR
Vs G6P+NADP => 6PG + NADPH + CO,
V3 6PG + NADP => RSP+ NADPH + CO,
V4 G6P <=> F6P
Vs F6P + ATP => DHAP + GAP +ADP
Ve DHAP <=> GAP
vy R5P+ RSP <=> S7P+ GAP
Vg S7P + GAP <=> F6P + E4P
Vo RSP+ E4P <=> F6P + GAP
Vio GAP + NAD +ADP +Pi <=> 3PG + NADH + ATP
Vi1 3PG <=> PEP
Vi PEP+ ADP => PYR + ATP
Vi3 PYR + CoA+NAD => ACA + NADH + CO,
Vig OAA + ACA => ICI+CoA
Vis ICI+NADP => AKG + NADPH + CO,
Vig AKG +NAD + GDP +Pi => SUC + NADH + GTP + CO,
Vi7 SUC+ FAD (NAD) => MAL +FADH, (NADH)
Vig MAL + NAD <=> OAA + NADH
V1o MAL +NAD(P) => PYR +NAD(P)H + CO,
Vao OAA +ATP => PEP+ ADP + CO,
Va1 PEP + CO, => OAA +Pi
Va2 6PG => PYR+GAP
Vo3 ICI+ ACA => SUC+ MAL + CoA
Vs precursors => biomass
Vas ACA + ADP+Pi => ACE + ATP + CoA
Vas PYR+NADH => D LAC +NAD
Va7 DHAP => GLYCEROL
Vag ACA + ADP +Pi+2NADH => ETH + ATP +2 NAD + CoA
V2 PYR + CoA => ACA +FOR

Abbreviations: G6P: glucose-6-phosphate; 6PG: 6-phosphogluconate; PSP: pentose-phosphates; FO6P: fructose-6-hosphate;
E4P:  erythrose-4-phosphate; ~ GAP:  glyceraldehydes-3-phosphate; ~ S7P:  seduheptulose-7-phosphate;  3PG:
3-phosphoglycerate; PEP: phosphoenolpyruvate; PYR: pyruvate; ACA: acetyl coenzyme A; ICI: isocitrate; AKG:
a-ketoglutarate; SUC: succinate; MAL: malate; OAA: oxaloacetate; GOX: glyoxylate.
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