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L A LAl AR (LL A4 28 2 KGA I A7 71 W S 1

HhE 22 B e ) K. vulgare WB0104 (7 41 i A
M) 7K. vulgare Y25 ([F] 5 DSM4025™ ) P K.
vulgare WSH-001 fol & H 4 B. megaterium
WSH-002"" 1ty 42 & (R 41 ) 3, 7R %} WSH-001 j 3y
Mg TARI LR 25 o O I 0 R AR R R R
YA 2 53 BT > R A R T Bk R A B R o 4
18 (ROS) 3l b 93 0 43 e HJPR mT DSk 25 H 1 o 7 4
(AR K o EARAR A R 2 R A A e
M K. vulgare 53 25 2| ) Z Fi 7= 2-KGA (1)1 » W 26
FEAE, I K. vulgare SDH 5 PR AT LAAE 15 32 4
BEAT B KT R AT R SR
EHIARBEAE T 77 2KGA . A LR R B B (14
KUIGEER A KX K. vulgare J K 21 3 47 73 B A1 73
BT 6 72 2-KGA ARG R b 1 i R 20 AR 1 0& 12
JE ) Wt S ) P A 3 ot I ) B I A B R SCREAT
MEA -

1 K. vulgare ;= 2-KGA AR s N M
H M R G4 i

BN PIWET TAE R W K. vulgare DL Dl B4R
Ll F4 0 . L0 %L i (L-sorbosone) Ky Ji& 4 % 1k 4 1%,
2KGA, hn] 8= g A% ¢, H 2KGA JRuf
B ik L3 KL 8 % (L-donate) ™72 o ix 26 4% 4} o
UGN Ky 7 Tl AR AL 1K S AR N DD ALBY R A A A
Ll AR ; @ LAl AR S0 Ll AL G LAL AL i
(M 8, L-sorbosone 2, 6-actone) 4 1k 2-KGA;
@®LAL B (W g 7, Lsorbosone 1, 4-actone) % 14
NYEE C; ®2KGA & 7 k) LY A PR L% 1.
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i S0 (SNDHs) ', 2% & IR 4 Fu™ (Zou™ 2
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5 Fh SDH &5 2 # SNDH 1, SDH (KVU_2142) %} L-
th A4 47 2L & SDH 3 - 10 fi%5 1) Jx M 35 4 ; SNDH
(KVU_0095) #H %+ F it ki h 47 76 i) SNDH (KVU _
PBOL15) H A7 2 £% (3% 1o [A] B JRHiF 55 SDH &
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b I 0] A R A 2 KGA 5 2 AR IE
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Cu®* \Zn®" Fe'" \EDTA %5 W) £ W 35 (1 30 1 6 1l 3%
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139.053 +4.96kDa i [ (£ 1, 2K 4) J& [7] —
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] BRI, 22 1 2800 6 b i 1 I AU (ALDH) JK &
T UM o 1 K. vulgare 2980 F (4 4~ 46 kDa [6] i
TP 3 40 B 1 190 kDa SDH™Y (%5 1, 2551 2) WA &
F R T 8 T M2 P9 LA NAD (P) Sy %l I 1 48 1k 36 J2
ity 17 NAD (P) H nJ 1y gk 0 A4 4k 2l 9 08 TR
Bt DL HE I 1% 5 7R 0] LUK L1l B2 0 58 i R Ll 2408k .
55N 545 %% " IR K. vulgare 2980 14 1 & LI
2KGA & J5 g (2KGR) , i 2-KGA & J5 o L= A
BEIR (W2 1,200 7) o 8™ F T # 8E 7 TnS 14
BT 2-KGR KRG 1S AL KR B 2-KGA B fb 4t v
3% » [FIRE I FOR N A7 7E

KR W K. vulgare Y25 4 B 41 4% 07> R
L4 A g% 5 SDH 3 (K (KEGG: EIO _2658, EIO _
0653, EI0_2636, EIO_3072) &% 2 A4 SNDH 3 [A
(KGEE: EIO _0536, EIO _3305); %t K.
WSH-001 4> 5L K41 43 #r W) & I 5 /> 4 i SDH 3
(KEGG:KVU_0203, KVU_1366, KVU_PA0245,
KVU_ 2159, KVU _2142,) % 2 4 SNDH % [A
(KEGG: KVU_0095, KVU_PB0115) . 3 SDH 3
K DL 2 #5 DU A2 7R g s 7 ) 7= 2-KGA (1) 5 2
™.

Zou {Ef WSH-001 A i b4 2% 4 b F2 o & IR
W %G M R 2900 &0 B8 (gluconate 2-dehydrogenase )
(KEGG:KVU_PB0008) H 4 2-KGR Ifj fig, A fff 2-

vulgare



1103

WEFURt . /3 ) 2# 4R (2014) 54.(10)

A

1%

i

B e TR B 5 I I A K £ 2K GA AR

2 2

wse[do1£o /
[61] siunqgns By ¢g pue BqYCE / stojrqryut . N
[z Loz] ®(Y06 086¢ SE S]UOWR[A (1RO OIBI OWOS davN HON olqistonst L
©
® F o sjungns snogojowo Vi 012 00d" %0/
F
e umouun ITT vy Jo =wand “Qv_msﬂma STOYINSa B LN 00d HATV wsepdiad /@) 9
fo) CVLAA L INC L U7, 0D
l6z] $600 NAY se dwes oy} BAIYLY St YOTOdM
o A7 ] HE BN
s2) nunqns wAyGL Aq poroa ®ASS  THANS +2 004/ o 004 SHANS wsrdued /@@
(sg]  TUOY SLIuUNqns BQYCS “iunqus sjunqns eSS pue BAYSL * HANS STOYINSA + 1D " PIrIPIROpOL
[9] @ﬁ—v—mh WC:QOU MOOOONWN\ _O MQV—WN\ M: m::ﬂ@ﬂm m-.—CWCT:ECF— M| N : _Iﬁ—zm
2 Aqqrssod BPI667 0
! o e anos ., D667 99 poroam
foz] 8- ¢ 0OHS Jo suungns snoofowoy 7 /BAN96 v F €S0 6€1
umouyun 00d HAS wserduad /(€)@ ¥
(ez] umousun 299 S
[ve] [ve] BAY "99 STA
(o] s10]IqIyul SB B 19
(s1] umousun siunqns eqYS $9 pue ey 79/BANSE] STOPWSA  VIAT ‘. IN 0D .o 00d Hass  wsedwed/©@D ¢
[s] ,+N:N.+mcm +N:E.+N:U
3 s snod % Aqrs wseyd
[e2] umousun BAY9¥ Jo suungns snosojowoy /24061 086C 00 -sod (d4)avN HAS o1k o qisionar @) T
s +{BD/PWR 2D ‘],
. umousun B([y(9 Jo siungns snogojowoy 7,97 | 21109 A
el RLLIC IERIFLLO B . LoD wsepduad
Alqrssoc d HAs . . 1
T, ) \Zn:mmcm@ @
z umousun BAM09 6T€dDS . .
fred LB/ B P VLad® L 0D
3 jungns / 10)RATIOR / dnoi3
. . s we ¢ owor -
oY Qua ol oN uren sonquyur onosord sweu UOTIBDO] / UOTIORAI “ON

m‘:ﬁ%NSQ\ Y Ut yoH-7 Jo wisioqeiow ay) ul paAjoAur sowAzuo Y],

XBIGHXE VON-T =L 5 i) aawSna "y 1 2

1 219w,



1104

Ye Li et al. /Acta Microbiologica Sinica (2014) 54 (10)

KGA 38 )5t 2y ZALRE R (©) 5 [7) I HE W B 44 v 8 W] e

Tk =P N e M (Lactonase) it (KEGG: KVU _

1414, KVU_2383, KVU_PB0206) , 1] fifi 2-KGA 4,
Jo % G S AN KA R X Y25 R AR HA
N AR N IR AE AR — MR B Dl B A AL
(SLDH) (EI0_1909) , v ¥4 Dl B2 44kl Ll 34
B (D) .

2 77 2KGA BB R i S R AR
ATl R A TR 1 5% R

2.1 =2KGA XS 5K k&2 EHE+ ey
FE L

PR A I )R R R EEAFAE TRIBE T
(Proteobacteria) (118 ¥ & J& (Acetobacter sp.- ) <
as J& ( Gluconobacter sp.) {5 H g &
(Pseudomonas sp. ) Fl H 3£ 7% # (Methylotrophs) 25
B R o A 0 R 2 T B T T

AL T AL 1 20 7 PQQ (dun HYRE 7 5% B (g 1Y
Wi i 20, MDH) ; 11 2446 B 4 1 5y 7 PQQ I 1 43
T4 2 C (heme C) , 55 iR A B 5l 3 o 37 35 44 g
P —if. 217 2 2§ A (quinohemoproteins) ; I Y i fig H &
LT T BH T 041 o A R b T L 2, L
i i 2 CADH) g i), 3 AN W2 JE 21 1l 43 i oA =
M2 % 40 g (4 % C W & (wriheme cytochrome c¢
subunit) , B 20 3 & A K& — A A A 4l g I
BT T R R 1 E TN N I S e T
I 2RI 2 g g o nl s vk o 1, HOiT A R BUAEAE T
JA e 1) et AR ML T K. oulgare J& A8 T T
i1, H 4& 4 () SDH, SSDH, ALDH L) PQQ % % iy ;
SNDHs LL PQQ K heme C A%, # e 414> 5 & T
I 245 11 BB N, JF H B %1 K. vulgare GO112 Wik
LIy SDH S i JJ 4% 16 oh 43 89 205 9 AR SCAE %
WA K. vulgare 153 85 1) B W 3 A7 AE T F 5T 2 )
o Zity LR BT, Ko vulgare 77 2-KGA 1) 5C B i
Dy e L 4h oA i 1 1 P

D-Sorbitol POQ PQOLL,
Re:® PQQH . L-Sorbosone i N
SLDH QQH, Hypothetical 1 4 lactone R @ Shorh L-ascorbate < N
/SSDH PQQ Re:® spontaneous :
SSDH/SDH Re:® ALDH !
L-Sorbose L-Sorbosone L-Sorbosone /SSDH/SDH/S;_EI&SA i
. A A 2.6-lactone !
Periplasm P PQQH. |
’ i ©e : i PQQ  PQQH, ? !
T T !
| Membrane | i i i ‘
! 1
1 0 : !
Cytoplasm | | Y H NADPH* NADPH+H® ! !
ytop + NADPH' NADPH+H + * v
L-Sorbose L-Sorbosone L-ldonate M 2-KGA L-ascorbate
Re:®SDH Re:®KGR/gluconate {—}

(K. vulgare2980)

2-deh
dehydrogenase EC 3.1.1.X (Lactonase)

1. K. vulgare A7 2-KGA RiI R EMBEF R 2

Figure 1. The cellular distribution of 2-KGA metabolic reaction in K. vulgare. Re means reactions in Table 1 bold lines mean the main reactions

(functions) , the thin lines mean other reactions, the gray lines and gray words mean reactions (functions) presumed from genome annotation

information, dash arrows mean the membrane process.

2.2 =2KGA XREEBRSEEFERIE

K. wvulgare ¥ SDH,SSDH, ALDH & B L5 32 4
o MDH 2B, 5] 1 1 2 P il » 2 2 o I O
PQQ A3 &5 &, A2 R I 20 R R PQQ ik J5t
PQQH, , PQQH, Ht— 0¥ o 1~ A8 T iy 12 T~ J& o 2% (1]
FP T A T € % €Y . TR R 41 % f MDH
HL 7 8 38 % R > MDH—PQQ—cyt. €, —
eyt. Cy—eyt. C 2 A AN, A4 B 132
K& eyt. C, e T4 %\ Ko vulgare Y25 A

SDH K¢ L-L L8 I 20 5 K w5~ 4% 38 2 v ¥ oy
CoofH cyt. C, ARg HILR L TAEH SR oyt C KA
g™

S B B ER R (P, denitrificans) 1 %Y g filg /9
ez ot 2 (MIDHD) 7 J& Joi 2 () Hp () Fi A% 33 3o T
1, MDH 7 I 20 5 # i 7~ 1% 3 2 K i Y eyt
Cospreyt. Cog Wb — DR AL 2B E ey b0 B
HAREKE A 3 C (Il ey, Cogy B eyt Cisy))
e E eyt aad KA o A SCHE
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B A K. wulgare Y25 3£ 5 41 4 BT JR B L K.
vulgare JI5 | A7 1F 58 & 1 W W B 5E DXL, 0 IR P L
BIRE W ot bb 534 ORI MR (1 oyt bel S
A (EC:1.10.22) , 3 KB Y25 P AFELE eyt Cyy KN
(KEGG: E10_2635) , # K. wulgare ¥ cyt. Cg, 7] fig
W FiE— DA S L4 3R bel B A (opt.
bel complex) B —FlK W PE eyt €, BET W HL 7 4%

i3 4 A1 0 1 3R 2 i SR AL il
K. vulgare &y SNDHs H 74 PQQ 5 heme C
7 g e i 21 3 5 11 i TR A
JarE s b AL ADH Z5#AH L. 11 Y ADH ¥ £ ¥
fii 5 PQQ K HL 542 Y heme € heme C 3t — 20 K vy
2-KGA

L-Sorbosone

L-sorbose

Periplasm

Membrane

Cytoplasm
NADH NAD*

Cytochrome
bel complex

T 5 %81 % A (blue copper protein) 5 K% & A
(azurin) , JF 1] £ 3 43 5% b 40 o (0 3% 2% s 46 10 6
(membrane-bound cytochrome C oxidase) B K.
vulgare W R KB R B A H A B X ORE A AR
T 54K, i Miyazaki 25\ 4 K. vulgare 1 SNDHs ££
I 0 L P T A 3 S A 2R i A
ity LR o B, 15 45 & KEGG X K. vulgare
b A A W TR AR AU 4 R 2, TR K. oulgare
B SDH (SSDH, ALDH) , SNDHs 7E J& 5 4% [i] t Jlic

ST R g T R A A JEK P A I R G T A 5 1 2
VIR

SNDH

PQQ/heme

L-ascorbate

2-KGA

L-Sorbosone

_____________

Cytochrome
aa3conplex

H
%0, H,0 App H' ATP

2. K. vulgare 7= 2-KGA BREBIL S 8 FE #3712 5 1T IR S4B (B X

Figure 2. The process of quinoenzymes catalysis and subsequent respiratory chain to produce 2-KGA in K. wulgare. Bold arrows mean the

electron transfer pathway, the dash arrows mean possible electron transfer pathway, gray dashes and gray words mean electron transfer

components.

2.3 7= 2-KGA Ji2 ¥k ATP =4

HARH H M AR A UIRIE K. vulgare fR P 1T Y
e SNDH 72 B &L heme C (38 5 B AT, H 240
T MU B E Type I ADH g £ B i 20 5846 o ST
I FE A heme € 3E J5E HL AL 4 +188mV (pHS. 0) , HL T~
3 % azurin B +280 mV (pHS. 0) 237, i — 4
i QA RA MG S 0, 45 A NN +820
mV "o CUA I BE bl T A o AR R T A SR
frws T+ 158. 3mV {515 ATP 7 4 5%, iy L2y
7 +280 mV JF & +820mV i f& rf B A5 0% 1
F, A HE 3 A0 M (0 3% A A 8 A0 Jst 1 gk 1T A2 ATP.
() B 1 2 R 0 A e IR A S 4 et 3R
AT, SOk ok BB ATP 2B . © %0 78 S AL F
BB AT 1M IF03293 1A Py, L1l AL 38 iy Ll &Y
B £ B NADPH (1) W5 6, Ll 24 040 4 2-KGA £
b NADPH i) 2 i ™ B7 Lh LAl AUBE — Ll AL —

2KGA 3X— 3 J A 1 B A B 2 R T g 1) o A
W 4 A7 AE 7™ BE IR 26 g 2% 1F, 3 9 - SDH, SSDHS,
ALDH Lj SNDH Jiit %0 T8 L 1 15 38 2% 1% 3 19 1 72
LR RER I TR S AR bl R RIE A
M € 3 SR AL i 5 R LA B 51 (9 S HE AT $E B ATP
3 B 5 ATP

3 77 2KGA X K. vulgare 1)/ 3

K. wvulgare DSM4025 {& Py 1] SSDHs H A ) 72 1
JEA U A0 A5 LAl 2L ZWE IE T R A A
WM IR T 2T W IR R OO D2RAE
D-H 55 W D %5 8 PE e ™ o TR Al R Y 9
B K. vulgare {5 H AR I35 4, A H] L H 3= 5 4 5
P~ AR e f o A 5 A KA T # . WKL vulgare
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F R Ll 248 5= 2 KGA (¥ i F2 3L A BT b 2 4
BB AR 7= NADH fE B8 1) — F 4b 70 . L 2R i il
HL 7 A 3o (1) 52 A4 B A0 W R BE T U 2R I e B R
NADH % NADH [lit &0 8 Ikt &0 A2 1 e & 2 2D, (H 2
X g B 38 A AR R A ) A A R R T DL PR
FI) FH BRB5 oh ( E 7 2E ATP, AT 2 BB 1L e 9
A G EKT BRI BT K

4 JEH

Bt 422 9 T B H 2l e 813 A AT K.
vulgare 7 2-KGA A I FEAT T IR Z0 N &0 [ A
SRR E A C Xt Ko vulgare AT R 2 1K) B 1R WY
Fro b, AR ARHS TR T B o 1 o R e T
i FL A AR, T ) G iR IR S e R T AR i
WA, TR 2-KGA R Yy Uy i, i e
K. wulgare WP WY BE WL A% 38 3R 42, 9k 2> B i L7 A
Uit > FEAR R A ROS 77 28, w82 AU K P SRk
K. vulgare "E LAY K 5 $ WP WS BE (¥ By B 2 I8 7% )
SCHUAR SN LR T2 G e R A AR A T B
Fey 3 5 ) I A ZE ) R 48 S 2-KGA I LT KR
W, P RSB EE 3R C D R T E R

Z 25 3CHR

[1] Zhou J, Yi H, Wang L, Zhang W, Yuan YJ.
Metabolomic  analysis of the positive effects on
Ketogulonigenium wvulgare growth and 2-keto-L-gulonic
acid production by reduced glutathione. Omics : A
Journal of Integrative Biology, 2012, 16 (7-8) : 387-396.

[2] Hoshino T, Sugisawa T, Tazoe M, Shinjoh M, Fujiwara
A. Microbial production of 2-ketod-gulonic acid from I-
sorbose and d-sorbitol by Gluconobacter melanogenus.
Agricultural and Biological Chemistry, 1990, 54 (5):
12114218.

[3] Urbance J, Bratina B, Stoddard S, Schmidt T.
Taxonomic characterization of Ketogulonigenium wvulgare
gen. nov., sp. nov. and Ketogulonigenium robustum sp.
nov. , which oxidize L-sorbose to 2-ketod.—gulonic acid.
International Journal of Systematic and Evolutionary
Microbiology, 2001, 51(3) : 1059-070.

[4] Makover S, Ramsey G, Vane F, Witt C, Wright R. New
mechanisms for the biosynthesis and metabolism of 2-keto—

bacteria.

L—gulonic  acid in Biotechnology  and

Bioengineering, 1975, 17 (10) : 1485-4514.

[5] Asakura A, Hoshino T. Isolation and characterization of a
new quinoprotein dehydrogenase, L-sorbose/L-sorbosone
dehydrogenase. Bioscience, Biotechnology, and
Biochemistry, 1999, 63 (1) : 46-53.

[6] Miyazaki T, Sugisawa T, Hoshino T. Pyrroloquinoline
quinone-dependent dehydrogenases from

Ketogulonicigenium vulgare catalyze the direct conversion

of L-sorbosone to L-ascorbic acid. Applied and
Environmental Microbiology, 2006, 72 (2) : 1487-1495.

[7] Yang F, Jia Q, Xiong ZH, Zhang XB, Wu HT, Zhao Y,

Yang J, Zhu JP, Dong J, Xue Y, Sue LL, Shen Y, Jin
Q. Complete genome analysis of Ketogulonigenium sp.
WB0104. Chinese Science Bulletin, 2006, 51 (8) : 941~
945. (in Chinese)
WL, SO, REWINE, sREEUK, RPEVE, B B,
KRB, HA, B, IMNLE, A, &w. B ER
B WB0104 [ 4 5 5 4 7> #fr. B} 2% @ 4, 2006, 51
(8) : 923-927.

(81 (AR M. M I A= M I oty i 192 81 7 IR AR 0% ik IR % 3 3k T
FUo VHAEARAMBEOR %, 142 738 30, 2007.

[9] Xiong XH, Han S, Wang JH, Jiang ZH, Chen W, Jia
N, Wei HL, Cheng H, Yang YX, Zhu B, You S, He
JY, Hou W, Chen MX, Yu CJ, Jiao YH, Zhang WC.
Complete  genome  sequence  of  the  bacterium
Ketogulonicigenium vulgare Y25. Journal of Bacteriology,
2011, 193 (1) : 315-316.

[10] Liu L, Li Y, Zhang J, Zhou Z, Liu J, Li X, Zhou J, Du
G, Wang L, Chen J. Complete genome sequence of the
industrial strain Ketogulonicigenium wvulgare WSH-001.
Journal of Bacteriology, 2011, 193 (21) : 6108-6109.

[11] Liu L, Li Y, Zhang J, Zou W, Zhou Z, Liu J, Li X,
Wang L, Chen J. Complete genome sequence of the
industrial strain Bacillus megaterium WSH-002. Journal
of Bacteriology, 2011, 193 (22) : 6389-6390.

[12] Zou W, Liu L, Zhang J, Yang H, Zhou M, Hua Q,
Chen J. Reconstruction and analysis of a genome-scale
metabolic model of the vitamin C producing industrial
strain Ketogulonicigenium vulgare WSH-001. Journal of
Biotechnology, 2012, 161 (1) : 42-48.

[13] Ma Q, Zhang W, Zhang L, Qiao B, Pan C, Yi H, Wang
L, Yuan YJ. Proteomic analysis of Ketogulonicigenium
vulgare under glutathione reveals high demand for thiamin
transport and antioxidant protection. PLoS One, 2012, 7
(2) : e32156.

[14] Ma Q, Zhou J, Zhang W, Meng X, Sun J, Yuan YJ.

Integrated proteomic and metabolomic analysis of an



P A W e R W R BE AR I 1K) 2-KGA USR0S R . /B 2 # 4R (2014) 54.(10)

1107

[15]

[16]

[17]

[18]

[19]

[20]

21]

[22]

artificial microbial community for two-step production of
vitamin C. PLoS One, 2011, 6 (10) : ¢26108.

Zhao Y, Zhang WC, Chen HP. Expression of Sorbose
Dehydrogenase in Gluconobacter with Tn5 Transposon.
Letters in Biotechnology, 2007, 18 (5) : 727-730. (in
Chinese)

B TRMERS, BRSO R e AR G A A AT R D
AI5 L RURE S M. E ) B0 R, 2007, 18 (5) ¢
727-730.

Gao SY, Zhang WC, Wang JH, Guo AG. Integration and
expression of sdh in Escherichia coli. Acta Microbiologica
Sinica, 2005, 45(1) : 139441. (in Chinese)

m B SRMEM, VR, SR, L BRI NG
PRLTE K AT TR 3 0 b4 & Je ik, BoE o o4 4l
2005, 45(1) : 139441.

Xiong XH, Chen W, Wang JH, You S, Zhang WC.
Expression of Sorbose Dehydrogenase in Acinetobacter
calcoaceticus. Letters in Biotechnology, 2010, 21 (6) :
783-786. (in Chinese)

BRI, B, TE@SE, Wrka, dKRMEAS. L BB
TE LR A5 AN ST 8 I 3k, AW BRI, 2010,
21(6) : 783-786.

Sugisawa T, Miyazaki T, Hoshino T. Microbial
production of L-ascorbic acid from D-sorbitol, L-sorbose,
L—gulose, and L-sorbosone by Ketogulonicigenium vulgare
DSM 4025. Bioscience, Biotechnology, and Biochemistry,
2005, 69 (3) : 659-662.

Jiang YY, Guo ZY, Jin SY, Lin JS, Zhang CG. Study on
2keto-L—gulonate Reductase in Vitamin C Fermentation.
Chinese Journal of Biotechnology, 1998, 18 (3) : 106—
108. (in Chinese)

W, SARD, BRI W4k, KRRl A C
SR 241 L= RO W I AT 9. AR TR AR AR
1998, 18(3) : 106-08.

B VC2980 Sk P #4548 M 07 10 AL 1Y By A S7 D Kegr
2P N AR EER SR Uy AV RSSO T A I A
L 30, 1997.

Xue ZY, Yin GL. Study on the purification of L-sorbose
dehydrogenase and it s physical chemical and enzyme
properties. Microbiology China, 2000, 27 (2) : 89-92.
(in Chinese)

BE e, TG, Ll BB B 20 M 0 246 A vk 5
FC. A AR, 2000, 27 (2) 1 8992.

Zhang W, Yan B, Wang J, Yao J, Yu Z. Purification
l-sorbose

GO112.

and  characterization of membrane-bound

dehydrogenase from  Gluconobacter oxydans

[23]

4]

[25]

6]

7]

(28]

9]

[30]

[31]

Enzyme and Microbial Technology, 2006, 38 (5) : 643-
648.
AR e C DR T A b Ll BUNE I S G R B
FOOI R SRRy A BN R B S 0 IR S B s L VA e
2001.
TRMER, FEIIIE, FEAA, WAL — OB Ll AL pE

Wi M A D B OGRS & | R LM CON
1262656, 2006.
Xie L, Zhang D, Dou YF, Zhang LP, Zhao BH.

Purification of L-sorbose/L-sorbosne Dehydrogenase from
Ketogulontgenium vulgare and Construction and Selection
of Genomic Library. Chinese Journal of Biotechnology,
2007, 23(5) : 891-895. (in Chinese)

oy B A4 S G 3k PR ST 0 R R R . AR ) R
., 2007, 23(5) : 891-895.

Hao AY, Jia Q, Wu HT, Zhou HR, Geng WF, Gao WL,
Zhao JQ, He JG. Isolation and characteristics research of
Ketogulonigenium  sp.
WB0104. Industrial Microbiology, 2008, 38 (1) : 1014.
(in Chinese)

M, SO, PG, W, RO @ SOR, B
FAR, BT W JETR E WB0104 Ll BUBE it &
Ml £ 23 B FPE BRI 7. T S 7E 4, 2008, 38 (1) @ 10~

L-sorbose  dehydrogenase in

14.
W, RuVE, MM, &9, B8, DK, XE
Lo, Bk, BLEE. W, A, mi, Kik

B Ll BB SR R g T R R 5 L rh
LF): CN 101085987B. 2010.
Fu S, Zhang W, Guo A, Wang J. Identification of

promoters of two dehydrogenase genes in
Ketogulonicigenium vulgare DSM 4025 and their strength
comparison in K. wvulgare and Escherichia coli. Applied
Microbiology and Biotechnology, 2007, 75 (5): 1127~
1132.

W, &, R, ML, IhE L KK, ME
fi, BKOCKS ARAFS BEE, BRL M, KRiEE.
Tl Ly 2 0 5 S5 6 B g i B TR 55 . v [ R
CN 100395332. 2008.

Hoshino T, Aldehyde dehydrogenase
enzyme. United States Patent: US 5776742. 1998.

Gao L, Du G, Zhou J, Chen J, Liu J. Characterization of

Sugisawa T.

a group of  pyrroloquinoline  quinone-dependent
dehydrogenases that are involved in the conversion of L-—
sorbose to 2-Keto-L—gulonic acid in Ketogulonicigenium

vulgare WSH-O01. Biotechnology Progress, 2013, 29



1108 Ye Li et al. /Acta Microbiologica Sinica (2014) 54 (10)

(6) : 13981404, FRZL, fRr e, B, TR, gRIAFE, SRUMEA. B
[32] Toyama H, Mathews FS, Adachi O, Matsushita K. TR HEMMWEE ¢ EIE, KA NLEESH. £
Quinohemoprotein alcohol dehydrogenases: structure, AI# A, 2011, 22(4) : 488-492.
function, and physiology. Archives of Biochemistry and [36] Baker SC, Ferguson SJ, Ludwig B, Page MD, Richter O-
Biophysics, 2004, 428 (1) : 10-21. MH, van Spanning RJ. Molecular Genetics of the Genus
[33] Schmid RD, Urlacher V. Modern Biooxidation. Wiley. Paracoccus:  Metabolically ~ Versatile Bacteria  with
com, 2007. Bioenergetic  Flexibility.  Microbiology and Molecular
[34] Kim HG, Phan TN, Jang TS, Koh M, Kim SW. Biology Reviews, 1998, 62(4) : 1046-1078.
Characterization  of  Methylophaga sp. strain  SKI [37] Adachi O, Kubota T, Hacisalihoglu A, Toyama H,
Cytochrome C; Expressed in Escherichia coli. Journal of Shinagawa E, Duine JA, Matsushita K. Characterization
Microbiological, 2005, 43 (6) : 499-502. of  quinohemoprotein  amine  dehydrogenase  from
[35] Cheng H, Xiong XH, Zhao Y, Wang JH, Zhang YX, Pseudomonas putida.  Bioscience, Biotechnology, and
Zhang WC. Expression, Maturation and Activity Analysis Biochemistry, 1998, 62 (3) : 469-478.
of Cytochrome c of Ketogulonigenium vulgare. Letters in B8] T&iE. AWk, E=m. b mS8F 8w,
Biotechnology, 2011, 22 (4) : 488-492. (in Chinese) 2003.

2-KGA metabolism coupling respiratory chain in
Ketogulonigenium vulgare — A review

Ye Li'?, Xue Li', Yixuan Zhang'

'School of Life and Biopharmaceutics, Shenyang Pharmaceutical University, Shenyang 110016, Liaoning Province, China

? Northeast Pharmaceutical Group Co. , Ltd., Shenyang 110026, Liaoning Province, China

Abstract: 2-keto-L.gulonate (2-KGA) is the key intermediate of vitamin C, which can be biosynthesized by
Ketogulonigenium vulgare. There are five reactions related to 2-KGA metabolism, including: (1) Oxidation of D-sorbitol
to L=sorbose; (2) Oxidation of L-sorbose to L-=sorbosone; (3) Oxidation of L-sorbosone (Pyranose form) to 2-KGA; (4)

Oxidation of L-sorbosone (Furanose form) to vitamin C, and (5) Reduction of 2-KGA to L-idonate. L-sorbose/L-
sorbosone dehydrogenase (SSDH) is responsible for the reaction of 1 through 3, L-sorbose dehydrogenase (SDH) is
responsible for the reaction of 2 and 3, L-sorbosone dehydrogenase (SNDH) is responsible for the reaction of 3 and 4,

aldehyde dehydrogenase (ALDH) is responsible for the reaction of 3, 2-KGA reductase (2-KGR) is responsible for the
reaction of 5. Enzymes of SDH, SSDH and ALDH belong to Quinoprotein Type [ that uses PQQ as the only prosthetic
group. SNDH belongs to Quinoprotein Type II that is quinohemoprotein assembling heme ¢ and PQQ. They are all soluble
in the periplasm and coupled with the respiratory chain. The substrate respiration to generate ATP directly on the outside
cellular membrane means this strain can use the substrate quickly in the natural environment for the necessary bioenergy
required.

Keywords: Ketogulonigenium vulgare, 2-keto-dL.-gulonate, quinoprotein, respiratory chain, electron transfer
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