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GG . PRI, e TR il 02 0 7 1 A 1R 5 I
4 1 R R R
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Fig. 1 The pentose phosphate pathway and glycolysis in bacteria. Dashed lines represent multiple enzymatic steps.
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Table 1  The strains and plasmids used in this work

Strains and plasmids Characteristics

Source

Strains
Escherichia coli DH5«

Corynebacterium pekinense

¢80 LacZ AMI15 ,deoR ,recAl ,endAl ,hsdR17

Stored in this Lab

ASI1.299 Wild type This Lab
PD-67 phe ™ tyr® This Lab
Plasmids
pMDI9-T T-vector,2.7 kb, Amp" ,lacZ TaKaRa Co.
pAK6 5.7 kb,E. coli- C. glutamicum shuttle vector, Km" This Lab"*
pTK1 2.6 kb PCR fragment containing AS1.299 ikt gene in pMDI19-T This study
pTK2 2.6 kb PCR fragment containing PD-67 tkt gene in pMD19-T This study
pTK3 2.6 kb PCR fragment containing PD-67 tkt gene in pAK6 This study

phe ™ :no cell growth without phenylalanine addition in minimal medium ,tyr* ;meager cell growth without tyrosine addition in minimal medium.
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J MJ &~ ®lOPTC-150 2 [ §7 3 {¢; BIO-RAD
MicroPulser™ Hy i 1% ; 721 4% 5% % Bf i+ & Beckman
UltraSpecll 4050 4541455 Y6 B 31 ; Alphalmager™ EC
BEIE L AGANL 5 A2 Wy 1 %73 H7 AL SBA-40C,
L1.3 FigREEME g5 OLB R EH T E
coli 537 ; QUNIN 1% # % HEFT 0. 2% JRFE W LB 1
T T Hi IR C. pehinense; DU 4% H ALK LB
Brge it T &m0 T €. pekinense 2 %5
AL @ T Tk I 1 K SR R T A 80 g,
(NH,),S0, 20 g, KH,PO, 0.5 g, K,HPO, - 3H,0
0.5 g,MgSO, - 7H,0 0.2 g, FeSO, - 7H,0 20 mg,
MnSO, + H,0 20 mg, 4 ¥ £ 50 g, £ R W i X
200 pg, L-ZEAER 150 mg, L-fE & 2 150 mg, LK
MR 600 mg, L-22 5% 100 mg, A5 i & [& 4 55 57
B 4% 1. 3% MR IMABURR . E. coli 7E 3T CHi 3%,
C. pekinense 7£ 30°C 15 5% . Bk R AR E Jy . &R
B FR 100 mg/L, RABEHE 50 mg/L,
1.2 DNA #21E

E. coli R 42 S B W[ 16 ], C. pekinense Jfi
R IBOCR FI % o B, coli ¥ AR CaCl, 3%,
C. pekinense H LR ML i bk .
1.3 PCR ¥ XK F

WIEF VR, = B/ C. glutamicum ATCC 13032
tkt 2K 3% ( GenBank accession number GN126788)
Bt x5, 7 gl A — A B S T
C. pekinense AS1.299 Fl PD-67 [ tht K )5 51 F1 7
Ui Yol 12 5 91

1E 1] 5] 9. 5'-ATGGAATTCCACGCTTGATTGGC
GGACGGT- 3"; [ In 5|9 :5" - CGGTCTAGAGCGCCA
AACAGCAGGGCAATT-3"; Rl £k 4b 43 5l A EcoR 1
I Xba 1 W47 5. PCR N 4% 4 :94°C 4 min;
94°C 40 5,56°C 1 min,72°C 3 min,30 PM{E#;72°C
10 min, 5|4 %11 % FH B A Primer premier 5.0, 5|
Yo& it b AR T A W) W 58 . DNA I i |
A A8 A 58
1.4 TKiEFHNE
1.4.1 HIEEW 25 8 C. pekinense PD-67 (pAK6)
5 C. pekinense PD-67 (pTK3) 4 W F0 T 8 55 5D,
30°CHEIR 5 3% 24 h 5, e Fh T US N 1% # % B 1
0.2% JRFE W LB K37 4E, 55 9% 24 h 5 B O WA T
o FA 50 mmol/L Tris-HC1(pH 7. 7) ¥ 2 ¥, %
2% WPRCER TR T A, BT UK OB R A . A
A A% 98 LA 18000 r/min B.0> 30 min J&, b 35 A
T O I S RN BT LUK .
4.2 TK i PERE ™" 200 pL &R R

20 mmol/L Tris-HCl (pH 7.7 ), 3.3 mmol/L Xu5P
(Sigma), 1.7 mmol/L R5P (Sigma),50 pmol/L TPP
(Sigma) ,10 mmol/L MgCl,,0.4 mmol/L. NADH,20U
oo H I 8 19 ML S I/ VY B B 1R S A i ( -G3P-DHY/
TPT, 175 3 B (50 AR 40 PN S 44 g 1T 5 , Sigma ) o il
A 10 WL A RS 46 S, T %E 340 nm AR OEAE

— /NG T3 B (U) 3 O ROBLAR & (pH
7.7,25°C) , 7€ RSP FEAEWE, LA TPP Fl Mg”* %6 A
T, Bk o-GDH/TPL & R B}, 4 43 #0 4= i 1 pmol
NAD * 75 % W it
D43 LG R R R T 2
L
1.5 SDS-PAGE

R A8 2 A6 ity 1) 2 10U R, B — S AR B AL Tl AR
i 1R FLAE b Y B A R — B, A A IR BLRE
G IR A JE KA S min, BREHLIK . BRI B
e 53 B A S Ry 12. 5%
1.6 ZEBMEIERRFIIDH

BAY IR Y 410 53 A fdi 1] DNAMAN (v.5.2.2.0),
BLASTN #lI BDGP Neutral
Prediction ( http://www. fruitfly. org/seq _ tools/
promoter. html) ; 2 3 B8 ¥ ¥ 4> ¥ {ff i DNAMAN
(v.5.2.2.0 ), ExPASy Database ( http://www.
expasy. ch/tools/pi_tool. html) 5 KEGG SSDB Motif
Search ( http : //www. ssdb. genome. jp/ssdb-bhin/ssdb _
motif? kid =cgl:NCgl1512) ,
1.7 REELW

¥ C. pekinense T 7 QR 5% 24 h Ji,
AR IR AL . T 30°C R IR I J% , 7 I IR 23
Bro ZEPK 600 nm P07 T R A 4G, K W ik rhoaf 5
FH A= 15 S5 1AL SBA-40C 5 , L~ 2 82 ) o2 4%
HRSCHR [ 21 ] 347 6 0 LA Y5 948 e, IO & o 40
JHL kW LA ZE K AN R B 1 mL, T A 2.5 mL
9 mol/L H,SO, 1 0.5 mL 3% [ XF — H R Z F K H
MRS, EREAE RN 1 h J5, imA 100 wl 2% 1Y
NaNO, , - F i &b JZ Ji7 30 min, F 600 nm b i) % 5%
W s fE
1.8 RAIREMNE

H— 5 BRI, 5 S R RS R A T A P AR
FHFA (AN 1% %1 BE A 0. 2% FRER () LB K5 5%
) o PR ERIEE S SR E SR ESS
PUER RS &A 50 pg/mL RARE H A -F R L.
Bl BIL K PR 95 BOK T 100, THRAE & RIS 2 OF
M b BB P ECS AN & ROIR R R A A B
T 7% B HE AR

Network  Promotor
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2.1 C. pekinense AS1.299 1 PD-67 tkt B A/
PCR ¥ 1%

43 HILL C. pekinense AS1.299 F1 PD-67 i % [l
ZH DNA FE B, 43t P4 K BE 292 2.6 kb 1Y)
WE A ke FEH B R B, Bl PCR =Y IF 5
pMDI19-T R % #5551 E. coli DH5«, i AL Bk B
PR e B 41 SRUBORE , R AT D) 45 0 J5 U e, 2% 19 3 3
AR BOT 945 R — 300y s B, 520 Bk 43 0 A
%% pTK1 F1 pTK2,

bp M 1 2

2 JERHEFTE AS 1.299 R EIT R PD-67 HEEEE
# PCR ¥ it

Fig. 2 The PCR amplification of tkt gene from C. pekienese AS
1.299 and its mutant PD-67. M, A-EcoT14 I digest DNA Marker;
Lane 1, the PCR products of tht gene from C. pekinense AS 1.299;
Lane 2, the PCR products of tht gene from C. pekinense PD-67.

2.2 ZEBRFISH

e & R W], pTKL Hl pTK2 N AR 40 A J Bl
JE¥ 0 2541 bp A TR 5 51 23 A o 4 A R Be
% 14> ORF, iZ ORF Ny tht 254 F R (2103 bp) , %
i — 2% th 700 4> LR 5k SE 4 MM 2 ik the 2544
HHE RGBS TR TTG, & %k TAA, F|
FH BDGP Neutral Network Promotor Prediction 43 #715
L, 7E R IR % W 7 B AR T BERY S BT ool 5 -
TATAAA-3", 5 R AT # AHAL G 4 s 3h 1 1y
“ =107 X 5'-TATATT-3'AH Ll B 42 76 1 46 % 1

W] RE A AE R B 7 oef 5'-TTGACA-3" 5 K i #F
B < - 357 X 5'-TTGACA-3 J§ %1 5¢ 4 — 5>
(FE3),

C. pekinense AS1.299 5 PD-67 ) tht 1 %% ¥y 3
PRI L i i ) 428 5 S 48 52 4 — B, B AT A Bk A
5 C. glutamicum ATCC 13032 # L AF4E T DA
W2 (4 25 53 FIAUIE R 99.57% . T 5 E. coli Ky thiA |
thtB 25 H4 JE A AR UL 23531 0 52. 46% I S51.42%
ARSI F 55 C. glutamicum ATCC 13032
E4—H,

2.3 SEBFISWH

%t C. pekinense PD-67 .C. pekinense AS1.299 D)
M C. glutamicum ATCC 13032 ff) TK & g ¥ 4] ik
FT SN, G598 %EW,C. pekinense AS1.299 ff
TK 5 H R AZH PD-67 1y TK 1 2 5 2 ¥ 51 56 4 A
[, —#Y5 C. glutamicum ATCC 13032 f) TK 7£ &
B YA B AEAE S D& AR 2% S, W IR
99.71% |,

C. pekinense PD-67 TK 4 %% /7 5 o 55 328 fif
AR 332 (L &R V5 431 RLA A R V4 556
B 5 58 E R S5 700 L 22 R, 78 C. glutamicum
ATCC 13032 9 TK H 73 51 O 4% 2 B i N = R W T
IR BRI B R -

zE 4 KEGG SSDB %} C. glutamicum ATCC
13032 TKmotif ff# #7 7T &1, 55 328 £ M5 332 fii
FLHR 7% KV T motif pf: Transketolase_N ¥, H Ti%
motif 4 TK Y B ik 38 & W IR (TPP) 4545 45 # 5 i
— 8y, fEBE S TPP (45 & i 72 bl 2 8 2 AR,
PRI T AT 0 L2 T 5 i R TR B A 1Y) 22 5 T
YR FI AP SRR TK 5 TPP 45 568 1 ERYARE . 4
431 L FIE 556 {7 B HE PR f T pf: Transket_pyr H1,
VR Ay W85 WE 235 5 45 H ) R AR S5 4 L 2% motif A HITE T
$Eft TK 5 TPP g MR NE IR A 45 5 A0 AL o th T8
431 A1 556 {7 s 28 H W 5k HE A P S5t (AN g K 1 ) S &5
F (RO ) 19 A 5] W] B £ 52 W) 15 E 25 G 45 A4 1l i

AAGATTGGTCACACCTTITGACACATTTGAACCACAGTTGGTTATAAAATGGGTTCAACATCACTATGGT

-35 Region

-10 Region

TAGAGGTGTTGACGGGTCAGATTAAGCAAAGACTACTTTCGGGGTAGATCACCTTTGCCAAATTTGAA

Transcription Initiation Site

CCAATTAACCTAAGTCGTAGATCTGATCATCGGATCTAACGAAAACGAACCAAAACTTTGGTCCCGGTT

TAACCCAGGAAGGATTGACCACC...AACAGTTAA TTGCCC

Start codon

Stop codon

3 C. pekinense PD-67 tkt £t [E {15 55 5l

Fig. 3 Regulatory sequences of the C. pekinense PD-67 tki gene . The putative promoter regions ( — 10

region and —35 region) for thkt ORF are indicated.
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ghitly, M TK 5 TPP 45 G e 1. i T4
700 £ 1) 2 K R 5% L T 1A 2 5 M WUAT ] motif,
T FATTHE DU 22 67 5 9 22 57 PTRE RS 23 X TK 1Y 3 fig A
K

C. pekinense AS1.299 F1 PD-67 tht £ [K B #% 1
2 17 51 € 4 58 GenBank % g, & 3¢5 43 5l Hy:
HM167515 #1 HM167514
2.4 FH tke EEWEHEBKN pTK3 1 E HH #
PD-67 (pTK3) it 22

N T WESE tht FLHTE C. pekinense PD-67 H [ 3%
15, EcoRI Fl Xba T XU V) F 41 Ok pTK2 , BE i [1]
WK EE 2y 2.6 kb Jy B, 5 FHAH [ i U0 19 28 4% 2 Ak
pAK6 15 2 i) K i Be Al i , ¥ 4k DHS o J5 3 A5 72
ARIBEE R LB P4 b, PRI L+ JH EcoRI FI
Xbal 1 XU U) % € B 2H 7, 15 B 19 45 28 5 WU — 2L,
i 20 S5 RL A 44 K pTK3

¥ Bk pTK3 A1 pAK6 7 il L ifi #% 1k C.
pekinense PD-67, 13 3| 47 A [6] i the H i C.
pekinense PD-67 (pTK3) H 41 14 5% 1k ¥ DL Sy A7 =5 2%
A 1 %t BB B PD-67 (pAK6)
2.5 tkt EFTE C. pekinense PD-67 fjFKkik

N TR tht FLRTE C. pekinense PD-67 H [ 3%
IRIKSF, FRATT X EE 20 B A G BE TR Y M B AT
SDS-PAGE 43-#7, MIE 4 W LLF 3, 1 K 29 80 kDa
i EAL , A C. pekinense PD-67 (pTK3) 5 X AR B
tk C. pekinense PD-67 (pAK6 ) A Lt , A7 55 W] 2 Jin ¥ 1)

kDa M 1 2
200 ——

150—
120——
100 ——

85—
70 —

o -y

s

- -
30—

B4 EHFEHKEAMHRAZN SDS-PAGE 51
Fig. 4 SDS-PAGE analysis of crude extracts of different strains of
C. pekinense. M: Protein marker; Lane 1: C. pekinense PD-67
(pAK6) ; Lane 2:C. pekinense PD-67 (pTK 3).

270 o XS ITE AW RS> F i 75. 9 kDa AHIT, £ W
pAK6 7 ) tht FLNTE C. pekinense PD-67 w1 5L Fj
TERIK,

R T 7 4 % f T C. pekinense PD-67
(pTK3) PA M X} BR C. pekinense PD-67 ( pAK6) ] TK
WPk S5 RERW, H R e Ak T R R TK (Y 1L
1% 712 0. 144 £0. 0004 U/mg, XF FE & &k th iy TK b
WS4 0.046 £0.013 U/mg, EAHRE TK HG 1t
xR T2 5
2.6 TK BgiF NE M EAEEBFENIN

B GE T 3% M 3 i 0 = 40 5 AR 3R 0 5
Wi, FATTEAT T 0 A S . HZH T 5 Ok I AR
ARG, AR . 28 & W4 R, o 2 TR 1 200 o 1L
X BEE T 31% (&1 S) o TK TG g 3 m A B T %F
C. pekinense PD-67 1y L-{4 (2 fR R, 5 %5 B i A
Mo, A LR R4 15.3% (&1 6) o i
HEASE PRI 58 45 R R W, 2 T 45 o I 0 28 T 1Y BT
RLfRFEHR T 100% .

—e—PD-67(pTK3)

1201 —o—PD-67(pAK6)
100

80
Q 60 f
8 60
40 t
20t

0 20 40 60 80 100 120
th
B 5 tht EEFREX C. pekinense PD-67 44 1) &1
Fig. 5 The effects of expression of tht gene on the growth of C.

pekinense PD-67.

—0—PD-67(pAK6) —a—PD-67(pTK3)
——PD-67(pTK3) ——PD-67(pAK6)

100 14
2
2 80 {32
?’)’60 <
=3 =
E {2 &
Q 40 s
S _1"

20

1 1 'S 0

0 20 40 60 80 100 120
t/h

B 6 tht EERKEX C. pekinense PD-67 #EE K L-fa F
AR RH T
Fig. 6 The effects of expression of tht gene on glucose consumption

and L-tryptophan accumulation of C. pekinense PD-67.

3 it

A T AEM C. pekinense ASI1.299 I H % 7% ff
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PD-67 rhseRE B che BLPH X E AR AT IR ¥ 5 LA K
g B AR PP S HEAT T 20 BT o 55 45 R MR AT T A
K E Kk C. glutamicum ATCC 13032 AHM, 7E & H Hi
— WG EAEAE S D EIER A 2 5, Kb 4 ARk
TR 57 T 5 1l TR 7435 5 10 45 0 B0, T BB 23 52 ) B il
SORCIPAR

VB Ay A S A Wl R M 32 A2 1) OC B il , B ) Tt 5
ok HAR AR Y AT 3 S 0, ST AR AR A W TR IO S
P18 v T ARG 40 5 0 T A kA2 1 b D) 5 =2 ) ) AR
LA TR R G S B e B T IR AR T L 2
505 T G A LR AT AR AL S WG . TR AN RO AN
(7] A= A i 38, 3 3 98 1 A 28 3 A A AR AR 1Y R I
i, W R S [ I 3 240 A R A R S A
I, 0 5 T it 3% 3 2R AT 18 i A Ry T O A R R TR
A7 TR AR RE A SR 22— o A AR T T T Il Y T
VER D TR P v A D 380 A O 1 i 1) T4

Tkeda %5 (1 TR KRB, TK X} & 2 R FEFF A -8
AR RA PEHEAE T, 7 Hx Fh i A B the K&
PR A ) 486 T n BN R 2 . % TARSR TR 3 ) 4
RATAG oA BEAE -4 - B T2 19 5 100 19 m , AT Al -5 58
WA B R A K FRATTA S50 45 B I ST TK i
JIHHE Xs T A U AT B PD-67 L8 2 2 (1 R
RRAFB .

Tkeda 25 [ 7 — J90 T A K 5 TR il 15 0 0 IR 45
- \DAHP & i 5 A L) ke PGD (=Bl B2 H il 2 it &
ity ) BE K #& T (6] — A BORL 804K b B 5Y % A
BERA MR . X TR S R B W TK
(BETG 82 m 74685 AR T L-GZ R R R, A e
T TK Y = 16 38 3k 22 00 ik U £ DA % A 5 1) 2
P R AR, 5 BN P W TR SR A i AR R T
1 7 RS 10 A A R X AR A A T R S B LB TR
AR R PR . TK 36 4w 3 4%, n] LU (5 2 R AR
FRAN A AR T X B

AT LIRS RS 8 H44 0 TK 35 g (S
Ji4e i 2 f5) XA SR AT I PD-67 (Y A= K H A R
PERT, FeATTHEM , 3% & i 7 TK A Ak i ] 396 s iz 1 7
Az PR B 52 T 18] e DA A S Ak Bt R TN R A8 1)
B iR AR AT (R R REBAE) o 24 TK B3 e —
FEARE LA LU, 78 40 M P R M 1K 08 ) vk 2
i A 35 B 08 40 T ) A R OB AR 3 B ) A K- o [
I HT T TK S 7 00 52 8, B L I E] 9 DA I S Ak B
T2 TG R A2 A ) M R A 3k 2 Y i I e AR K, 3 g
T30 28 = SR TR AG A 14 B Ui 5 4 0K, DA A R T A A
AR R R R AR GE T A TAETh A WY L-
AR R T A B & a5 R . TK 1k

L 1A HEAT , SIS 7 04 $ 0 A5 587 I A] P A
P TR OB i A28 I A A A 0 TR W ik A28 B9 B U B
B R, A T T I ) I ) A D A B 22 1 S B AR 4 -
WRIR , 0 07 A IR A RE TR 1) 5 e Bt 1 B 2 1 i A1k
W, T A L R R R R k. Bl T
TK HEAL 4 SR I B 777, A SR T AP 21 44
BT TSR e A 14 3 U A — 08 o 1] 7 2 e e i
A, A A U 28 = PR R AV 30 ) i it f 78 R, (e it 1
PR AR o RV RACR 36 B o 2 T A K B TR i [
i L0 28 R A B SR A0 Ty e T DL 5 R Y A
JHE PR e D T 0 8 DR /0N R T A R A TR D A R
MR A e MERE AT AR W R . X0 T A
i T B A A A R T B A4 S

%% ik
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Corynebacterium pekinense transketolase. gene cloning,
sequence analysis and expression

. 1.2 . 1 . . 1 1 . . 1
Weike Ji *~, Zhi Zhao , Yingzi Zhang , Yu Wang , Jiuyuan Ding °
('Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)

(*Graduate school of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; [ Objective ] Transketolase ( EC 2.2.1.1;TK) is the key enzyme in non-oxidative phosphate pentose pathway.
We cloned tht gene from Corynebacterium pekinense AS 1.299 and its mutant PD-67 in order to investigate the effect of
gene expression on physiological characteristics of C. pekinense. PD-67. [ Methods] According to the homology between
Corynebactertum glutamicum ATCC13032 and C. pekinense, we designed a pair of PCR primers to clone the tkt gene from
wild-type C. pekinense AS1.299 and its mutant PD-67, then the mutant tht gene was expressed in C. pekinense PD-67 by
subcloning the PCR fragment into plasmid pAK6. The physiological characteristics of the recombinant C. pekinense PD-67
was investigated by fermentation. [ Results | Analysis of PCR fragments reveals that, besides the regulatory sequence,
they contain the whole structure of tht gene. There is no base change all over the structure genes and regulatory sequences
between C. pekinense AS1.299 and PD-67. Comparing with Corynebacterium glutamicum ATCC 13032, there exist 5
amino acids change in amino acid sequence. Four of them were located in the motifs involved in thiamine pyrophosphate
binding sites. The tkt gene from C. pekinense PD-67 was expressed homogenously, and the specific enzyme activity of TK
in C. pekinense PD-67 (pTK3) is two times over that of the control strain C. pekinense PD-67 ( pAK6). The recombinant
C. pekinense PD-67 exhibits higher cell mass and accumulation of more tryptophan. [ Conclusion] The moderate
amplification of TK activity resulted in increase of L-tryptophan production without affecting the cell growth.

Keywords: Corynebacterium pekinense; transketolase; non-oxidative phosphate pentose pathway; L-tryptophan
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