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Table 1. Strains and plasmids used in this study

Strains or plasmids

Relevant genotype and property

Source

Strains

E. coli JM109 recAl, supE44, endAl, hsdR1, gyrA96 Stored in this lab

C. glutamicum S9114 Wild type strain Given by Prof. Zhonggui Mao
C. glutamicum S9114/ A amn Wild type strain with amn knock-out This study

Plasmids

pMD19-T Vector T—ector, 2.7 kb, Amp®, lacZ TaKaRa

pK18mobSacB Mobilizable E. coli vector, Km", Suc® Stored in this lab
pK18mobSacB/amn-LR pK18mobSacB with amn inHrame deletion fragment amn-LR This study

L2 $EFERERSE (DLB (g/L) i EA
JI 10, FEREE 5, SAk4h 10; (2) LBG (g/L) H5 7% B 1A
JW 10, e REE S, G046 10, #4585 5; (3) LBHIS (g/L)
iR W B 2.5, AR S, SAL N 5 ik 0 R WK
18.5, INALEE 91 ; (4) K2 Al % (g/L) 2 (A1 10, B Bk
TS5, 540 10, H2 W 30, 36 80; (5) Fl ks 95 3t (g/
L) : K K 3% 25, % %5 ¥% 25, K,HPO, 1.5, MgSO, 0.6,
FeSO, *7H, 0 0. 005, MnCl, «4H,0 0.005, £ 2 2.5 (4>
KW) ,pHT.2 =7.3; (6) KiFeR 7R 3E (g/L) : KK ¥ 15,

%% B 140, K,HPO, 1.0, MgSO, 0.6, FeSO, * 7H,0
0.002, MnSO, *4H,0 0. 002, B 2 5 x 10°, Jf % 5 (43
KB pHT.2 =7.30 E. coli T 37 °C 555, W BTV
Jin 50 mmol /L (R H %, C. glutamicum T 32 C1
Ir W BRI 35 mmol /L R HFR

L13 S A5 s 2 Jros. M
Hy amnL-A Fl amn-R-S 47 20 bp ] B 4Pk I 7 41 ;
amnd.pK18-S 1 amn-RpKI8-A 4 7 amn A A [F]
TN VT B 51 TR E E DR A B R BR

R2. AHRFEAEAMGY

Table 2. Primers used in this study

Primers Sequences (5°—3") Restriction sites
amn-L.-S CCCAAGCTTGGG CTCCAGGTTAAACGTGCCATC Hind 111
amn-L-A AGCCAGTTCCAGAGGTCTTCCAGATACGTAAATCTTGCAGGGAT —

amn-R-8 CTGCAAGATTTACGTATCTGGAAGACCTCTGGAACTGGCTC —

amn-R-A TCCCCCGGGGGA GCTTAGGGTCTACGTGTTCAAAT Sma 1
amn-L-pK18-S CACAATAGGAATCGGCAGGTAG —
amn-R-pKI18-A GTGTCGTCGGACCTTAGCCT —

1.2 BiFRE K pK18mobSacB/amn-LR By E

i % Ok pK18mobSacB /amn-LR [ K # it F2 4
1 Fiome 156, LIRIA C. glutamicum S9114 1) 3L K]
A AR, 23 A 38 amn BEDA B3R R BE 2 2 800
bp I Fr B, R H S 4 fiff PCR, 3R 43 amn JE K 4

FER K 809 bp [HEIBRAE P BL amn-LR ;8K J5 F) H B 12
WY Hind TIT F1 Sma 1% 50RL pK18mobSacB 34T Xy
U1 B ARG AR S 1) e 1k v B e A ] T4 DNA
ligase EFZ R R HE amn-LR MY J5 1) pK18mobSacB
AR, TE B ok pK18mobSacB /amnd.R.



1570

Jie Mei et al. /Acta Microbiologica Sinica (2015) 55 (12)

)
4,

’F‘zPJ

~ Of}.

T-cloning site

pK18mobSacB

5.7kb

C. ghtamicum genomic DNA

PCR l
Sma | Hind 111

ey 0000000000 |

Left/right arm of anm gene
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PBR322 ori |
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Figure 1.

1.3 FEAFAKBREL

C. glutamicum J& 52 75 40 3 i 1 #& M b % 4k U7
1:2% Jang™ I Van der Rest™ , 55 21 5 (1) FL 56 4k,
FAF 18 kV,2 ms, 1 mm HLH AR o K i B B4
pK18mobSacB/amndR B #: 1k, C. glutamicum J& %%
SN ARG AE S R EE R PUIER LBHIS - B0 M5
109% BEHE ) LBHIS ~# £ 3247 Py 2 Fii ik, T ik PCR
B UEBRAF amn FE K 23 6k K (1 A amn K -
1.4 AEBABEHERSENE
L4.1 #7355 &0 DB EF Rl 3% — 20 12 A
FFp 7 K5 7% % (50 mL/500 mL HE i) 532 °C 200
r/min 3275 8 =9 ho
1.4.2 REEEFREZH:7.5 LRKBREMREREN3
L, Ry 8% @ J¥ 32 C, i Haimn 25% -
28% W) R K FFG i IR K pH #2I7E 7.2 = 7.3, S
w1 vvm, G0 I 5 R R v A AR 20% Ao A
I g 5% 5 R b AR 2 B R AR IR BEAIR T S g/ LIS U
N 500 g /T 1) 461 46 5 » K Bl AR RE 425 W6 £ 10% —15% »
AR 30 Y0 AR 0 VS n ¥ 9 7

Construction procedure of gene knock-out plasmid pK18mobSacB/amn-LR.

1.4.3  BRIRE B RE OB R TR R — o 1 %
o, 7R K 620 nm Ab W & OB AR -
1.4.4 BHRBLI0E B KRE 89N TE 454 5 MR Ry
SE A5 50 R FH SBA-40 75 A 49 4 Jk 3% 5
1.5 BaA ATP KN E

HL 20 mL A [5] BF (8] 53000 & B B0 & B )
HCE T WCE P OREE 3 min, JfBIF A% B 40 0, b N T
Y1) PBS %53, I HPLC vl i ATP %5 & (i 4
14 - Agilent ZORBAX SB-Aq st AH#:, 4 M 9 K& UV
254 nm, FEdE 35 C, FEAERE 10 pL, Wi 1 mL/min,
TLBNAH Sk R #h 2% vh i (10.93 g NaH,PO,,3.04 g
Na,HPO,,3.22 g VY IFE T B8 A0 B, B 4l K & 5 &
L): &5 =86:14.
1.6 MR XREEEKTERNE

N4 R TR WRRE b 25 0o B B 5 L Tris-HCL %53 (50
mmol/L;pH7.5) YE& B 4K 3 ¥ N 1 mL [ Tris—
HCT 75 W B 0 I, B P A o B 2R 1 O - AR I
] 2 s, BN IA) 3 s, B2 UE A IS [A] 10 min. SR )5
4 °C 8000 r/min B5.0» 10 min, i 15 [ F 35 W 4 4 g
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W TR TG SRR W E . A R B AU (GDH)
W 5 2 % 2 1 0 S R B U (ICDH) (1)
W5z 2% Popova M7 L 5 K IR L W (1CL) g Il
EBHERFT"
1.7 AE pH &G THREFEERNE

e 15 % 2200 B 0 R PR e #2 BN R pHL ) LBG
WA TR B A A3 LW 4R OD gy A 15 AR FE 2 b, B0
WSCHR 40 H 6 B R RE 10 77 5%, YAl LBG ] 44745,
B HEAT T 6 2 A3 A TAT 6 4 =
pH Ak B 5 H B v 50/ A b 3R X T2 T v
1.8 B ROS KEME

KM DCFH-DA 52 J6 #x id 2 W & 3% P %
(Reactive oxygen species, ROS) , Bk Jy vk & 2% Si
PALE
L9 MAEARKELKENE

K H DNPH LG (590 58 » B Ak )51k 2 % Wehr
s [14]
=5 °

2 R
2.1 amn EE KB Aamn HHE

wg B R pK18mobSacB/amn-LR H # 3] C.
glutamicum JEZ A4 WP J5, 2 KA 2 IR IFNJE E 4,
K B RR VR A AE 5 A7 RO R R 10 LBHIS - HORT &5
10% FERE ) LBHIS VA BEAT PIAE I 16 o REAE K %5
FOPMR B AR K AN BETE S 10% BERE 1) A A K
BRI TR E A B A e HE 0 DU A T i R TR
H oW BB H 3G UE 514 amn1.pK18-8/amn-R—pK18-A
B4 PCR B0k, 45 RN 2 frome 1 5 il R s XS
FEL, B LB A 2R T o 1 5 PRI 2 O BB PCR B8 iR &5 2R
S5 KN R 2742 bp; 2 5 1B IE A LR B W K Aamn
M PR 41 4 BB PCR 36 HIF &5 3L, 467l K /N O 1933

bp. F£W,amn Kbk Tl C. glutamicum S9114/
ANamn (fRIFR A amn) B REAE 2 56 o

M 1 2
bp

<«— 2742 bp
<— 1933 bp

2. REE¥ Aamn By PCR &3
Figure 2. Confirmation of Aamn strain by PCR. M: DL10000
DNA marker; lane 1: PCR result of WT strain genome; lane 2:

PCR result of Aamn strain genome.

2.2 amn BEEREIN B R LB

7.5 L R AR 7 TRAEBE R Aann
FEF A bR WT REEE B AR A ), & R E
33 Fiome KRIL: (1) 42 h R EEEE RN, A8 H
FE Aamn (1) B 2 40 M+ B LG BF AR BB WT 5
16.2% ; (2) RASH KK A amn ISR 2 & R
AR R S LR A AR A B TR RE T A R X A
PEAF 00l LB A TR WT R % T 58.8% .58. 6%
64.5% F158.3% ; (3) 454K 3D, KIFERT 4 h, B/
WK WT ) EE A 3 KT RAZ W AR Aamn, HAE
1.3 h R KB KR, 5 1.09 h™', 58 &8
PR Aamn W AE 4.2 h 35 2] 55 K A4 K id R (0. 45
h™') o AHLE T B 2R B Ak WT, & R 0 58 48 B bk
Aamn [ ECAE KRN, A KB, GEIR T B A R)
PRI AL, T2 U T A AR, R AR
AR SN (T SIS RO -4 T Y

RI AERABMIESHIR

Table 3. Comparison of parameters during glutamate fermentation process

Parameters Strains Change/
WT (A) Aamn (B) (B/AH) x100%
Culture time/h 42 42 0
Glucose consumption/ (g/L) 191.40 £2.57 199.50 £1. 35 4.2
Maximum dry cell weight/ (g/L) 29.10 £0.20 33.80 +0.24 16.2
The titer of glutamate/ (g/L) 68.00 +1.53 28.0+1.0 -58.8
Glutamate production/ [g/ (Leb ] 1.62 +0.03 0.67 +0.03 -58.6
Yield of glutamate on DCW / (g/g) 2.34 0. 04 0.83 +0.02 -64.5
Yield of glutamate on glucose/ (g/g) 0.360 0. 008 0. 150 £0. 005 -58.3
Range of DO value/% 100 - 20 100 - 20 —
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Figure 3. The glutamate fermentation process curve of C. glutamicum S9114.

2.3 amn ERREX C. glutamicum B[R ATP 7K
T F0 K SR B IR 14 BY 52 M

Bl 4-A 5 H TR Aamn FIE AR WT
EREEEH (10 h) (25 h) VJ5 5 (40 h) e )y
ATP 7K &5 4 dr e vy e (1) 788 A S e i 72
1,2 AR B9 ATP P 5 B 1 % 0 0 )
RS s (2) G bk Aamn 1L ATP AT 5
AL B A B BE WT &t 3.0 fi5 (0.031 mg/mg
protein) (10 h) 2.7 f% (0. 068 mg/mg protein) (25
h) F12.2 % (0.36 x 10 * mg/mg protein) (40 h) ;
(3) 10 h 2 25 h, 5 4% 1 ¥k Aamn FIEF A 1 B
WT J A H) ATP K P23 ) 4 i 7 1.20 £5 1 1. 39
%5 M A 25 h £ 40 h, AL K A amn BT A B RR
WT g )9 ATP K 50 53 B AR T 94.7% A1 93.8% »
amn K& KRGk AN T BRI A AMP 1 B A% 32
THLA ATP KE ™.

ST R A A M (ICL) 587 8 % i & i
(ICDH) ‘& % R It &0l (GDH) & 7% & IR & g 12
Hh E AU Y e TR A IR R Il A

Bl 4 Pros o 7R R BB HTH (10 h) i (25 h) .
Jii B (40 h) , SEAS B kK A amn 18] TCL 3 1 32 37 B A,
H 2yt B AR Bk WT &t 17.1% < 4. 9% Fi
44.5% ; 75 10 25 1 40 h B, 548 @ Bk Aamn
ICDH 51 (& 4-C) FEA 4R fae, L AR Bk WT
FEAE T 76.9% < 74.6% 5. 0% ; 5Bl IF1, 58 2% B B
Aamn [f) GDH 35 (& 4-D) 2 30 56 39 0 5 vk /s 1169
e, LB A R WT PREAR T 42.4% 50. 8% Al
42.4% . LR GER LKW, ALK Aamn LB LT
Pk WT E A 5 &% ICL §§ 355, 17 ICDH Al GDH i #4
WA 5544 > 23 2 R & 1 HT AR 5T o 1 TR 1) A
R R R R R .

24 amn EERRAWMETBETEBRMZ MR
A

AR pH 45 A1 T 5 A8 T Ak A amn FIVET A2 T b
WT (473G A g ) (R 4) Bor: (1) Bk pH H
(R B 2 BRI A7 35 R AT BRI (2) S8 1T Ak
Aamn WAE 35 AL T B AE B bR WT. 7E pH6. 0 B,
RAZ TR A amn (4775 2 5 BF A B WT A2 A
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Figure 4. Changes of intracellular ATP level and enzyme activities in glutamate fermentation process.

K pH5. 0 I, RAZEBE A amn [IAFIE % L0 B AR 1 bR
WT F[% 7T 16.8% ;pH4.0 I FF% T 64.9% ; (3) 4
pH6. 0 T %3] pH5. 0 I, 58 74Z T ¥k A amn FI1BF 25 B
Bk WT BREOAE3E 70 0 N B T 53.5% F146.4% ;24
pH5. 0 [ 3] pH4. 0 I, 5845 18 Bk A amn F1EF2E B
PR WT 1) 17 3% 2 ) 43 0l FEAR T 96.4% F1 91.4% .
JEPIAE TAK pH 458N AN 5] B A P4 (¥) ROS F1 i ik
WK R AE T AR A, s 5 Bios. A5 pHT. 0 & F R
CEPIE S A4 T > 2 bR H A AH R Y f iy ROS
KT B R DR amn R 80 2K AN 208 L Y ROS 7K F 5
fATE pH4. 0 AT 1 » AR WK A amn [¥] ROS 7KF L
PPk WT 32/ 7 31.5% o ALK, 58 48 1 Bk
Aamn 1E pH4. 0 I 25 17 0% B 55 4k 7K % L6 BT A2 B Bk
WT 3 T 22.5% o RUIFEH amn 1)K T 300 K
X R PE 4% A i A2 1k B AR . L IRFE T amn S5 X
B 4 = T M A ROS FIER 1 5080 KL AL 7K - » 5% 1
TR BRAE R YE S F T 1 M N A IR RS, SR T
20 i ¥ DNA 5345« £ 11 00 #0165 o 1) 46040 55 0k T %

187 Wbk m R

#4. pHU AR EKREETEHEZM (%)
Table 4. Effect of pH on the survivability of

different strains (% )

Parameter Strains Change/
WT (A) Aamn (B) (B/A4) x100%
No stress 100 100 0
pH6. 0 80.10 +1.06 76.80 £5.95 4.1
pH5. 0 42.90 £5.70 35.70 +4.93 -16.8
pH4. 0 3.70 £0. 41 1.30 +0.28 -64.9
3 4w

KW AE C. glutamicum S9114 [F 3L I, i85 H
DTEY T B E T amn BB SR B C
glutamicum S9114/ A amn, W57 T amn 3 [K Bt 2 X
R IR 23 28 R R W PR RE LN ATP 7K S R G B Il i
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Figure 5. Intracellular ROS (A) and protein carbonylation (B) level analysis.

P AR A6 TR 1 4% 1F i 52 1k /Y 58 W o WIF 5T 4 R R
WY A2 B IR AR AT 1R S9114 1 amn JE R Bk K 32 &1 1
WER I ATP 7K, 52 T o0 B il s 1 Bk T 4%
IR A AR pH AR S2 ke AR, A0S
W ARSI amn He (K] 73 1 7K - (1 1 22 5 3R AE A
3 A TP R A B 55 amn i DR G5l 2 o8 4 i 2GS g Y
ATP JKV- £ FR A FA Wl 28~ A 2 1R 2B ) 5 AN 1R it
S SRR S 2 8] [ 5% 2R AN WA AT s T aE
AR
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Effect of amn gene deletion on Corynebacterium glutamicum
S9114 metabolism
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Jie Mei """, Liming Liu ,» Jianrong Wu
'State key laboratory of Food Science and Technology, *Key Laboratory of Industrial Biotechnology, Ministry of Education,

*Laboratory of Food, Microbial Manufacturing Engineering, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] To study the effect of adenosine monophosphate nucleosidase gene deletion on Corynebacterium
glutamicum S9114 metabolism. [Methods] We constructed the amn deficient strain A amn and studied its glutamate
fermentation and acid tolerance. [Results] Compared with the wild type strain, biomass of Aamn strain increased by
16. 2% whereas glutamate production reduced by 58. 8% . After 10, 25 and 40 h, intracellular ATP level of A amn strain
increased 3.0, 3.7 and 2. 2 times. The isocitrate lyase activity increased by 17. 1% , 4.9% and 44. 5% , the isocitrate
dehydrogenase activity decreased by 76.9% , 74.6% and 5.0% , and the glutamate dehydrogenase activity decreased by
42.4% , 50.8% and 42.4% . At pH4.0, the survival of Aamn strain dropped 64. 9% . However, the intracellular ROS
and protein carbonylation level showed an increase of 31.5% and 22.5% respectively. [Conclusion] Knocking out of
amn gene enhanced intracellular ATP level and biomass formation, whereas had negative effect on glutamate fermentation
and acid tolerance.

Keywords: Corynebacterium glutamicum S9114, adenosine monophosphate nucleosidase gene, gene knockout, L-

glutamate, acid tolerance
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