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Abstract: The ppnk and gdh encoding NAD kinase (NADK) and glutamate dehy drogenase (GDH) were two important enzymes in the
glutamate biosynthesis pathway. The two genes were amplified by polymerase chain reaction (PCR) from the glutamate-producing strain
CN1021. The specific activity of NAD kinase in extracts was increased by 2.4-fold, and GDH, by 2.1-fold. When both genes were co-expressed
in CN1021, the activity of NADK and GDH were increased. by 2.0-fold and 1.5-fold, respectively. The flask fermentation results showed that
the separate over-expression of ppnk and.gdh in CN1021 gpproximately 7.9% higher and 1.4% more L-glutamate than the original strain,
moreover, co-expressing thetwo genes strain exhibited 13.2% higher L-glutamate. Taken together, the results demonstrated that co-expression
of gdh and ppnk genes can significantly improvethe production of L-glutamate.

Key words: NAD kinase; glutamate dehy drogenase; Corynebacterium glutamicum CN1021; co-expression

L- AR Rt S b K R e —, B
HhE | SRR, HEE PR A RS B LER
KA PERILAE S R MBI EBHERR 55T
%,ﬁﬁfﬁﬂ%$§m\@%\kmﬂ$\%&m
FAMVAEATIEI), 1957 4F, ERTRAER IR BEELE
7 LRI ) LK, LA &R A - BOR H B
WS EHER: 2013-03-01
H4WH: ERRBLHERI 2011BAC11B03) ; ERSHAMTEK Ritxl
(2013AA102106)
1EERE: KAKRUB7-), B, HitisE, Menn: TENEEER
PRI E [ HUER A SIS AT 5T
BRMEE: #FEE0v76-), B, B, BI%E, MThE: EENERE
1BH & BEROI ST

H o, HA =R AW KB,

H A E 2 R A 2R AT R (Corynebacterium
ngmmDW%bﬁﬁﬁﬁﬁiﬁﬁﬁ;ﬁ%ﬂﬂ,
PAFPER R0 - SR A 77 B e 2 SE I 7= = 1Y)
AT$E . DAAEF BER RS E M 51k Sl s b o
HiZET/EER HEA— SN E B k. T4 kA
B R TR AT 1R SE DR 2 U 1) SE R ICL B B IR AT B
BREERAR AW e, (58 5= F B
X A SR AT B HEAT 2 ) 50 A ISR

EREIREATE ., NAD /i (NAD kKinase,
NADK, Hi ppnk 4ifd) etk pe s Ritig s ) —
A RBERES, B R IEIZ RIS AL pprk, HEIT
P AN NADP(H) 7K1, 12E1T A T RERR s 2 Y

1555



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.7

FAE . R i E U Glutamate dehydrogenase, GDH,
1 gdh gafid) & AEIR A BUSEr BERE 2 —1, 1%k
AL o-BiR —RRIBJEA R LSRR ITFZ LSRRI
SRR R S BRBEL B o DRI 3 TA T2 S DR T A
b L- B 2R R BHEF, AR s == 1 H 1
AR LIS R A B CN1021 JED 4R PCR 97184
ppnk A1 gdh JEDH b 2 % 1, BT R IA NADK
M GDH X L-BREE =R M. 45REHLTRE
ppnk Al gdh ZE R e B Rbe & LR BRI ~&, H A
AR AR R TR 15E [7) 508 B8 58
R A

1 MRERE

1.1 RS
1.1.1 RAtkA Mt
AW FCRTA I AP BB WER 1 AT R
=1 BRI RR

Table 1 Strains and plasmids

MgSO. 2, MnSO, 30 mg, FeSOs 30 mg, FK 3 20 mL,
PEE A0 mL. KT IR A LB R 7R3 T 37 CHE %,
B R FRAEFTE R LBHISMIEEFRILT 32 CREF%,
BB ON &K E RN 10 wgmL A F R
(Chloroamphenicol, Cm)#if4 .
1.1.3 X5

PR P PN DG  Taq B A H B0 H Takara A ] o
B P 52 B AR 770 Sigma 2 7] RNA HE BRI
EA UltraSYBR —2B33% 6 e i PCR A &(With
ROX) I B b 5t B At 24 YRR IR A
114 34

HRYE GenBank _FASZRSRAFH pprk Agdh i H R T
oy St 514 (& 2).

kAo C il R IR

Strains

L-glutamate producing strain C.
CN1021 _ [8l
glutamicum (Ts+GIluHXr+OMr)

C. glutamicum CN1021 harboring

=2 51495
Table 2 Primers
5149 JFHI(5°-3) Fi&
GCGGGTACCTGATTGACACGGCT
GTAAAGG (Kpn 1) Ppnk
GCGGAATTCGCGAACGTTTTTTCT 3
P2 AAATCCTC (EcoR 1)
GCGAAGCTTGCTCCAGCAAAC
 a GCCT (Hind I11) Gdh
GCGTCTAGA CACGCTTAAAGA Ei
CACC (Xba )
RT-P1  GCTGGTTGTGAGCCCAAAATC ;4 RT-qPCR
RT-P2  GAGGCATAGGAATGGGACGG Ll
RT-G1 AAGGACCCTCATTACGCT gdh RT-qPCR
RT-G2 CATCAACCCAAGGCACAC il

1651  AGAGTTTGATCCTGGCTCAG
16S-2 GGTTACCTTGTTACGACTT

16S RT-gPCR
R (N2

CN1021pXMJ19 This work
pXMJ19
C. glutamicum CN1021 harboring .
CN1021-P This work
pPXMJ19P
C. glutamicum CN1021 harboring .
CN1021-G This work
pXMJ19G
C. glutamicum CN1021 harboring
CN1021-PG This work
pXMJ19PG
deoR, recAl, endAl, phoA, SUpE44E.
DH5a | ] [9
coli host strian
DHS50p XM J19P DHS5oharboring p XM J19P This work
DHSapXMJ19G DH5a harboring p XM J19G This work
DH5apXMJ19PG  DHS5aharboringpXMJ19PG This work
Plasmids
pXMJ19 Expression vector, ptac, laclg, Cmr [10]
pXMJ19P Plasmid carrying the ppnk This work
pXMJ19G Plasmid carrying the gdh This work
pXMJ19PG  Plasmid carryingthe ppnk and gdh This work

1.1.2 ZHRABIZHREM

R HE R A (g/L): HI%IHE 30, JRES, £oK
¥ 20mL, KHPO; 1.0, MgS0Os1.5, VB:10.3mg, pH
7.0, PR ABEREFEI(9/D): HATHE 80, KHPOs 2,
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1.2 Ji&
1.2.1 ppnk = gdh £ B 5% & & ik HAR A H) 2
i PCR /77 CN1021 1 R K 2 DNA A3~
W33 ppnk A1 gdh FER,  FE00 TR AR AR FURL
pXMJ19 ki o #aE T = MRk pXMIL9P,
pPXMJ19G 1 pXMJI19PG H T 5t. DNA I#1ES
jf"ﬁjﬂlz]o
1.2.2 ppnk F= gdh A& R i & A E ARG A
K FH R A ik BB 03 Sl B A BRE pXMILOP
PXMJ19G Fl pXMI19PG T A &R AE 7 B CN1021 J&k
ARG, 5 10 pg/mL 9 Cm ik bk
PR bR . 2 HRHUFRE PCR B UISGAIE, B Ifikss
Bl = ARHE DR TARE R RS> il 449 CN1021-P.CN1021-G
F1 CN1021-PG.
1.2.3 ppnk F= gdh £ & 69 528+ 52 % € & PCR 42
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AR 10 min, 1 4ME¥; 95°C 15s, 60 'C 1min, 40
ANEFR . SRHH 274 & CTVR TS MRS DR e s K
1.2.4  BEE1000 e

B AR B5 7R M A Bl SR SGERESL. (1) NADK
Pt 435 P00 5 L SCRRELSY, B T 52 SOA): TE AR BTG 14
M5E 2R, Lmin N L mL RN R4 1 uM NADP
Frae; (20 GDH Egs MM e WSkt B 7
5 SUN: TEARAERGVE VN E 2600 T, B8t i 1 uM
NADP*5} 481t 1 uM NADPH FIT 75 fiff &

125 E&AME L-5 28 an %

SR I E S IR SCHER S, L2 R e SR
SBA-40C AWML A . WA YIEIE: B 1 mL
RIEW, 12000 rimin 250, 5 1A 2808k %% 2 IR
5B THETEMT 80 CTHEEEE, MR
R,

2 HERE5HH
2.1 3 FRE ppnk A1 gdh Ji R EEAH SR 145 5
S BE DR TR AR R 2

3 IR T 1Y) ppnk I 2k Bk pXMIL9P ., gdh
ik FIAFRL pXMIL9G LL Kz ppnk AT gdh Hf R IA TR
pPXMJL19PG #1k % DH50 /B AZS4H i, 2 Cm - FAR
161G BN AL o Phidk B BV A TR FE R PR
AT B VISR T AT b 5 KB PR PR A mIIERR A B
) 7 B i) DNA 41 g0 P P L s

I \ | w M A !

1 ELHFRIEY pXMI19P, pXMJ19G F0 pXMI19PG EELTIElitE
Fig.1 Restriction map of pXMJ19P, pXMJ19G and pXMJ19PG

: M: DNA marker; 1: pXMJ19P; 2: % EcoR | Bgn 49
pXMJ19P ; 3: %4 Kpn | #= EcoR | B84 pXMJILOP; 4:
pXMJ19G; 5: 2 Xba | #= Hind Il 2B 45 pXMJLOG; 6: &
Hind 11l B7 49 pXMJL19G; 7: %2 EcoR | B&3189 pXMJ19PG; 8:

22 Kpn | #= EcoR | 23749 pXMJ19PG; 9: #2 Xbal #= Hind Il
BRI 69 pXMILIPG,

FHE 1Al %0, EEALFTR pXMILOP £ EcoR | i)
J& 15330 4> ¥ 54 7600 bp 145717 (2 ¥k iE), £ Kpn |l
EcoR | M) f5 H 5> F5 40 1000 bp (ppnk A F
Bt 16600 bp (pXMI19) kA (3kiE 3), ST
G55, pXMJI19G Fl pXMI19PG th B 5 Tl 45
R EEU) R . B DR P45 SR 5 GenBank A
Hl—3.

B EAFR pXMILP. pXMI19G. pXMI19PG
AL BN EIR A7 CN1021 B840, 4 Cm
PUIHEFAR LA PCR %55E SR AR 1) BE DR A% T Ay il
fir44 A4 CN1021-P - CN1021-G F1 CN1021-PG.

2.2 JE TR F ppnk A1 gdh 3t PRI K
iR il

o HNGIE N TREE R 7R X Eeh R, #4018 1.2.3

E@ﬁ&i&ﬁiﬂa‘%‘ﬁi% PCR I, 455 a0 2 i o
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Fig.2 ppnk andgdh RNA level in genetic engineering strains

iE: azppnk #9458 & K-F; brgdh 4945 R K P
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CN1021-PG HJ ppnk ZEH (A Rk & Al iem T
2 8 {5 A1 6 1% ; HE A T FEH #& CN1021-P #1 CN1021-PG
HH (1) gdh 25 (R 1 AR Sk B0 llER s 1 4 6 150 5 4%
7 B ppnk A1 gdh 22 PRIE AR (1) PR TR R Fh e A% Rl )
g SO B3R — e e
2.3 T REE L NADK Al GDH B P16
a

R FEPR TAE MR ppnk A1 gdh JEpR #5 k - &
VA KR B, (HRE TR D Fs A Vst i it
T — e . MEFERESEFRENEOE, 2 IPTG
T4 hG, ORI B, BOEE R R
HEAT B AN, R AR B PRI NADK Al GDH iy
TEPEAER 3 PR .

45 3R, CN1021-P 1 NAD i iEfl CN1021-G
HH (1) GDHBE PR EE tH A BRIk 23 B 1 24 F1 2.1 4%,
1M CN1021-PG H g ()i 1453 e i 1 2.0 f5 4
1.5 f%. KA ppnk AT gdh JE DK REBE7E JEDR TR B Rk
hFIA A T 1 1
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7 3 NADK #0 GDH B§5E 11H9NE
Table 3 Assay of NADK and GDH activities

S NADK &3 i& 7y GDH &3i& 71
o4 BEi& 7 AR EE BEE 7 ABATEE
Aumol/min-g) & 71 /(umol/min-g) & 71
CN1021 0.993 1.0 0.062 1.0
CN1021-P 2.390 2.4 - -
CN1021-G - - 0.131 2.1
CN1021PG  2.046 2.0 0.093 15
Ero-r ARME,
2.4 3d3% ppnk AT gdh EEER L- AR B &
FR) 5
a 16
" B
12t = .
- ;
=
= —a—CNI021
o o—CNI021-P
6r —a CNID2L-G
4 ——CNID21-PG
3 1 1 i i 1 1 i 1 1 1 1 1
02 4 6 B 1012 14 16 I8 20 22 24 26 28 30 32
B il / b
IS -
AEE
0t “E
5 ALt
& 00T -
ﬁ s T
B 40 —=—CNI02]
# oal y —o—CNI021-P
= sl —e— UN1021-G
o P ' U2 1-PG
l'-: .-. #‘EI-I' . 1 1 1 Il 1 1 1 1 1
0 2 4 & % 1012 14 16 I8 20 22 24 25 28 30 32
B ] £ h

3 ppnk T gdh EEFFRIEXT L-B R L BRI
Fig. 3 Effects of ppnk and gdh over-expression on L-glutamate
fermentation

E:oar Edhw; by L-BARS E.

K FARERHSCEaETT T ad 354 ppnk A1 gdh 2 PRI 2
DA AR BRI AR A I L3 2R 7 AL o SR
WE 3. SHRFEMAHL, PR TRk rE K%
F—EMEm (K 3a). AREE M TBURL IS B LA
He A AL S8 TR LA AL B A R RE B E TR
MR B AR A ek —E O SUPERT . 5 K kAR
bt, JEDA TR Bk CN1021-G Al CN1021-P /) L-3 &
B AL T 1A% 7.9%, i3 R T RE B bR
CN1021-PG i L-#a ™ &4 13.2%(1%] 3b).GDH
AL LA RS UK T NADPH, X ] RE 24k A
TAERER CN1021-G 1) -4 20 - B4 e BAR T
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CN1021-PG 5 A .
3 g

B TSI T AE A LR A 7 T CN1021 i
RiLppnk MgdhBER], AE AT LA 2R (17 AR R 18
(e e R [R5 TN ADPHIT) it B FIG DHIF) B i
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