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st iy
B, YHE, AEX, KE

TV AE B AR E W E LTI E, VL RFEY TRSE, 14 B8 214122
FE. [ HAY ] % T8 AE Bid 5 8 /2 16 (Ketogulonicigenium vulgare WSH-001) A LU ZLA i % (Sorbose
dehydrogenase, SDH)FI1LIZLf i &l (Sorbosone dehydrogenase, SNDH) G FME B E 1404 [ J5%: ]
L K. vulgare WSH-001 JEFI 2 DNA it , PCR 4 1545 F1] 1L A4 I S0 3 5 (sdh) 0 111 3 R ot S it 5 R
(sndh), FyitE4IKAFR. pET28a-sdh. pET28a-sndh, -3l AXAFF# BL21(DE3)H . #I AL
SERE AT ANEER o e AT S B 44k SDH 1 SNDH., [ 455 ] Bish#yz ™ SDH F1 SNDH i KT
BL21(DE3)Jfxf H W 7461k . SDS-PAGE 4 Hr4s KW, SDH F1 SNDH #9-K/N3-51h 64 kDa Fl
48 kDa, SFRIEHIMME—E . BG4S SDH BEE R 3.15 Uimg, Holk W R 30 °C, Huilk v pH
7 8.0 /247 ; SNDH J§E 4 6.12 U/mg, feid e il Bk 35 °C, feidi i pH ok 8.0 2247, 7E pH 3.0,

4.0, 5.0 BmERYESAME T, 2 ANEEAEEG 52 20 82520 . [ 2518 ] R IFalifl 1 e U5 T35 A= i I e g
FRUERY SDH. SNDH, Jf#k17 T 2= B34, AIH SDH. SNDH Sl 442 C HifAk 2-frJk-L-
eI — 5 R P R T B S5

KEEIA: EALA AR, 2-MREE-L- e, I APENG U, 1A U

e R C, XFR L-PiIhimeR, RAEKKERK
K —FoNETEE SR, ge R C MR N
AR SOV BT, TEAEMIRNS S 2/
SEARIR SRR, HAT i B R I, gz 1
T A iR 25 AT 2- i L
M2 (2-keto-L-gulonic acid, 2-KLG), 4& T4 =4k

AFR CWHEEENTA. BT TolkfbA " 2-KLG RH
THRBEYD, DR REEAW KPS, B

(1) %A 1k % %5 B B2 AT 7 (Glucobnobacter oxydans)
WY D-INFLREEEAE y L- BT, L
I BL AR REA AL 5 (2) e A B vy e R R
(Ketogulonicigenium vulgare) 1 B K 2 1 4
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(Bacillus megaterium)$4 il TR iR R4 L-111 A48
F Ak 2-FiSE-L-t e e,

TE A R BaE T FEEATE 3 Tl Sy I A
2, o5l BLEE i & (sorbitol dehydrogenase,
SLDH). LAY HE B & /i (sorbose dehydrogenase,
SDH) #1111 %4 fifi i % i (sorbosone  dehydrogenase,
SNDH). 7£ K. vulgare H, B\ UESEA I S0 ] L
W L-IL BB AL L-ILBY N , PRk — 20 L-1L3Y
ikl 2-KLGP, Bl Ry R L, ok
R E AR TR 451, IRZH SLDH,
SDH. SNDH H.A % [m] P 1 i Jbi Ul T LA
NCBI., KEGG ## BRENDA 5% #t 1% sk & 7],
R R AR LRI UE . I, X4
it 1) S 5 Sl PR o i, X 2-KLG — 222k
77 Rk S L T A B G E

ARLE RO, BXF 1 Bk K. vulgare
WSH-001 kAT 1T RE MY, A B 40
LS b A7 AR R 2 5 AN 58 4 SR AR T SO it
B0V, L 7 AN DR A 1L B I U (SDH)
ol 111 B i U (SNDH), 30847 7 RiiFse it
JARE] 1 PRAER D-1LALEE By 2- B L-
TORRR A TPk, # F iR SDH Fl SNDH £E [
i Fki AT G. oxydans WSH-003 #1, 345 1 ¥k

2-KLG F ik 39.2 g/L KB,

7EFIFH G. oxydans WSH-003 & 4 7= L-1115L
Wi R R B, KRG pH (N 45 224, H
pH AL TANREEA ™ 2-KLG Ay 5Tl #2
RI, KB RREAIEN pH A 5-8, il & %
1FE pH 2K 6.7-7.0 AIFRASEE KGR, i
fi SDH #1 SNDH )5k, FEU PR ki
IR AR, I RS R EATE EE ThTsme LL
BUEE) 2-KLG MYEARCR (R 1), FIt, A 3C L SDH
A1 SNDH M35 K6+ K. vulgare WSH-001 R i1
k0203 (4#fih SDH) . k0095 (4 SNDH)TE K IHHT A
(Escherichia coli) BL21(DE3)H i#k47#ik, Xt
SDH F1 SNDH #1472l K filg 24 Joa 1 437

1 BB

11 SERFHRH

1.1.1 BABREER: KA IM109 AR S2 56 %
TRfe, HT BRI KB BL21(DE3)H
ARSI, T8 A B8 5 K. vulgare WSH-001
KA FULALIL g 25 A R v . pMD19-T Simple
g H TaKaRa (Ki&)fIBRZAH, pET-28a(+)ASE
0 = ORI

&1 SN RERSEEM LR SEEMEEF TR

Table 1. Enzyme chracteristics of typical SDH and SNDH
Names Sourses x;;e;;:ga Kn/(mmol/L) sgtlmum Sa‘r)rflpn;ruart]urePC
L-sorbose dehydrogenase® Gluconobacter oxydans SCB329  60.000 52.70 Around 7.0 42
L-sorbose dehydrogenase®! Ketogulonigenium sp. WB0104 60.499 23.94 5.5-6.5 40-50
L-sorbose dehydrogenase!*”! Sinorhizobium sp. 97507 - 64.20 - -
L-sorbose dehydrogenase®! Gluconobacter oxydans 58.000 - 7.0 50
L-sorbosone dehydrogenase!*®! Acetobacter liqueficiens IF012258  50.000 - - -
L-sorbosone dehydrogenase!®”! Ketogulonicigenium vulgare Y25  43.100 - - -
Sorbose/sorbosone dehydrogenasel® Gluconobacter oxydans DSM 4025 62.500 - 7.0-9.0 -
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1.1.2  FERFH: PrimeSTAR HS DNA polymerase .
DNA 3% $:fiff, TaKaRa (Ki#)A FR/AF; 2xTaq
Master Mix DNA R4, B 38R A R
A FRAITEN DI . BOISHEEERE DNA [Tt
&, Thermo Scientific 2~ F]; ZE LK 4] DNA #2
Busil & M Bon/ il & . Bz B
Mg an &, RilgA TAMARA R, brifEs
FREN . HE EAEZE . SDS-PAGE il K,
Life Technologies A F .

113 HREEREW: LB HiFH(gL): MR
U 5. M 10, NaCl 10, ddH,0 1 L; [E{AHs
FEIIMBENG 4 20, 121 °C KA 15 min,,

TB 1375 (g/L): BRIy 24, AW 12,
il 4 mL/L, KH,PO, 2.3, K;HPO, 16.4, ddH,0
1L; 121 °C K 15 min,

Binding buffer (mmol/L): NaH,PO, 50, NaCl
300, MKmE 10, FH NaOH % pH 8.0,

Wash buffer (mmol/L): NaH,PO, 50, NaCl
300, BKmE 20, FH NaOH % pH 8.0,

Elution buffer (mmol/L): NaH,PO, 50, NaCl
300, Wkmg 250, F NaOH i# % pH 8.0,

12 Bkt

HR A 1L BRI SR LR sdh (NCBI %55
AEM40042.1)F1 111 B4 il it S0 5L R sndh (NCBI %
S5 AEM39934. 1)L P4, it 5y
sdh-F.sdh-R }z sndh-F .sndh-R (¢ 2). A K. vulgare
WSH-001 FE[FIZH AR, sdh-F. sdh-R 5|44
HaR/NR 1737 bp 1 sdh FE[R; DA K. vulgare
WSH-001 S 41 it , sndh-F. sndh-R Jy75|%)
PR/ 1290 bp ) sndh L[, sdh & sndh J&
[H 5% 423 pMD19-T Simple F753] T-sdh.
T-sndh. Wl/F IE )5, FH Nde | A1 Hind 11 SUEGY] ,
If i AFE# A pET-28a(+), ¥4k A E. coli

actamicro@im.ac.cn

F2. AMRFAASY

Table 2. Primes used in this study
Primers  Sequences (5'—3') Restriction sites
sdh-F GGAATTCCATATGAAACTGA Nde |
CGACCCTGCTG
CCCAAGCTTTTACTGCTGCG .
sdh-R GCAGAGC Hind 111
sndh-F GGAATTCCATATGAGCGTTCT Nde |
GGCCAAATTC
CCCAAGCTTTTACGCAGCGG .
sndh-R AAATCCGCCA Hind 111

The underlined are restriction enzyme cutting sites.

BL21(DE3), HEM HEEUTAL, X Bk itk
S, MR UK UE B AL T
1.3 PHRRE SRR

M LB [EAF A BRI AT BL21(DE3)
HRVE T LB WK IR B (I Ak B Dy
50 ug/mL WRAREE), 37 °C. 220 r/min &4 F
3R 12 h g, DA 1% R Eeph i i e 2 TB 153 0k,
30 °C. 220 r/min {4 F 532 3 h 18K ODgye=0.6
I, (35 IR T S INZk B4 0.4 mmol/L 1 IPTG
AT MEEEAN AR, A IPTG
JG, IR EERERE 20 °C,

BUE5% 12 h TR, 4 °C. 5000 r/min 5.0
10 min AR TR, KU B R K] Binding
buffer ZZ MliHYE 2 W, EEEFEEKEKE N
ODeoo~20, 7K FJCE A % 15 min 5, 4 °C,
10000 r/min #.L» 30 min FBRAMMERE H, SR fAL
UERR(0.45 pm) i JERR A% 0T, 19 2R B
1.4 SDH & SNDH 4B 4iifk

HAEHI Ni-NTA ZEFZHAE(QIAGen) XL
B A T464k . & 5 Binding buffer ~F-fif 2 M4k
R % 1.3 A BTG R HAE 5 mL; SRS H]
Wash buffer #fiis 5 MEAAF ; 7 Elution buffer
VR 5 AT f)a K bk 5 MBS

AT R



FESE | A4, 2017, 57(10)

1549

T 20% 2 BErhYE 3 MR, HR TR .
PLEBERS, WA 1 mL/min,

HE— & F) F 43 F 0 (HiLoad 16/60 Superdex
200)if A 4lifl: B SR HIASIPKIE ) Wash buffer -
5 1.5 AR B BT Zad Ni-NTA SER1Z A
(QIAGenN)FK 15 1Y B 20 e g 45 W 4 Jo e 1 L
SRIGH 1.2 MNAEARFLAAS IR ) Wash buffer
HEATUEN s PR K e AT 20% & 45 v sk
1.5 MERRL, PRAFHET. DL R TR, Ry
A 1 mL/min,

X5 B PRI EA 7 S S SDS-PAGE 73 #r .
1.5 BEENE KB BT

£ 620 nm A] JLOG KR AT DL ks
DCIP-PMS {2 0,57 Y A {0 38 K € SDH K&
SNDH Ay fifEE, B @ EHl . 0.0116 g DCIP,
0.0612 g PMS. 0.0048 g MgSO, & T 5 mL
50 mmol/L pH 7.0 ) PBS ZEnfifi . S Ed)
L-th B el 2 (2 R L-1h AL )
& SNDH i) 2% T 50 mmol/L PBS ZE i,
L-11 B4 sk 2, — 2k i 4 200 mmol/L

Halifb 5 Bl 15 ul Jin 5 ul 10 mg/L PQQ
1 30 °C 444 F I E 10 min 728 420, Ji A 100 L
A58 & 900 pb S W) 1R AT, B 200 bl finA
96 fLAZ 1, 7E ODgo IEHE 45 10 s Harl 5 1oy Vi 4
gL, Kl 10 o 1A L- 1L ARSI SOk L-
L B e S0 S 7 R 30 °C £ T A4y 4iid
Ji 1 pmol DCIP (i i , 55 [F] T4 43 8h %4k 1 pmol
JIEH) L-ILAYRE (30 2 ) Ao i it
1.6 BN S1FESENE

FE RSN AR Z 3 A L B4R RN 2
fli HZ W 4y 25, 50, 100, 150, 200 mmol/L,
T I il N S KRS RN pH AT I )
b N R M

1.7 SDH. SNDH k&ML v

¥ SDH 5 SNDH iEG /R A PQQ W& 5748
HAflE, ZHO15 EREIE 5, PL L-Ii ALK
MR, SHHA AL L-1ILBUE A 6 2-KLG (1 8E
FIHATINE
1.8 VRARKI S

RO AR 35X Agilent 1260, il #8 k R 2
Proe & W &%, @ 3% 4S8 Aminex HPX-87H
(Bio-Rad), ifahAHN A 5 mmol/L B H,SO,, i
4 0.5 mL/min, FE#A 40 °C, #EFEE R 10 uL.

2 HERFAH

2.1 RV R

43 5 LBl P BT Nde 1, Hind 111 XU
T-sdh. T-sndh DA} pET-28a(+), sdh #1 sndh ¥} Bt
5 pET-28a(+)i& % a5k Z KT E BL21(DE3)
v, £5.5| § 2H Fak Tk pET28a-sdh il pET28a-sndh.,
PEBUFRE S ] Nde | 1 Hind 1 XUEEIE0AE, 12
FL Ik A5 2K /N A 1800 bp il 1400 bp 247 A 251
095 sdh F sndh K/h—3(& 1).
2.2 HEFRE KLtk

# E. coli BL21(DE3)/pET28a-sdh X E. coli
BL21(DE3)/pET28a-sndh FLE & 0T LB A ks
Rk, H55E 12 h e E TB HRET, Rl
& ODgoo i5524 0.6 B, ¥SINZHk Bl 0.4 mmol/L
) IPTG #17iES, WHIRER 20 °C, HUEFR
12 h BY4E01, FH Binding buffer 3% 2 W5, M
ODeoo=2 WAL 1T SDS-PAGE 43-#7 sdh Fil
sndh £ E. coli HHAgFIRIENL, 44t A 534 ] Il
KNN3y 64 kDa F1 48 kDa Y& 1454 5 SDH K&
SNDH RS HIMEA A (B 2 450 1. 4), R
sdh F11 sndh K [H7E E. coli H153 T ik,

http://journals.im.ac.cn/actamicrocn
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B 1. FRikEHAREGYIIE IEERBEHE 5 AR BBk E

Figure 1. Agarose gel electrophoresis of expression
vectors. M: DL10000 DNA marker; 1: Recombinant
plasmid pET28a-sdh digested by Nde | and Hind I11; 2
Recombinant plasmid pET28a-sndh digested by Nde |

and Hind III.

2. SDH K& SNDH #fi{k3#2 89 SDS-PAGE &3 #f
Figure 2. SDS-PAGE analysis of the purification
process of the dehydrogenases. M: Standard protein
marker; 1: E. coli BL21(DE3)/pET28a-sdh; 2: SDH
purified by Ni-NTA; 3: SDH purified by gel filtration
chromatography. 4: E. coli BL21(DE3)/pET28a-sndh;
5: SNDH purified by Ni-NTA; 6: SNDH purified by
gel filtration chromatography.

actamicro@im.ac.cn

2.3 SDH % SNDH B2 B4

XAk ) 2 A T IR SO pH A | i S
RGBT . LA pH 7.0 (4 PBS 11 9 B I S 1 1Y
SR, 43I SDH Fl SNDH F 20-45 °C 2
R R BOREYS 1 30 °C AYARXT S A 100%.
45 R R SDH e ikt Bk 30 °C, H. 25 °C
1 35 °C WG 15 30 °C (WG 54 —3; SNDH
1) fi 3 S il S Dl 35 °C (1] 3-A).

F 30 °C MM PTG &, t#K SDH
1 SNDH T pH 3.0-10.0 P55 A9 RGE /1, 3 pH
7.0 BT B IS R 100%., 255 278 SDH F pH
8.0 B £ P iR =y I AH X% , SNDH 7 pH 8.0 Fil

(A) 150, —o—SDH
—a— SNDH
E‘\G
2100}
=
g
[*]
=
= 50l
o
0 n n n n n n J
15 20 25 30 35 40 45 50
7/°C
(B) 150, —o—spH
—a— SNDH
£
2100
=
2
[P
=z
£ 50t
a4
0 i
2 4 6 8 10 12
pH

B3 REX pH X SEEE MR

Figure 3. Effects of temperature and pH on enzyme
activity. A: Effects of temperature on SDH and SNDH
activity; B: Effects of pH on SDH and SNDH activity.
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pH 9.0 B AT G H2 0T H By o PR A S AE pH
BAKES, MRS PHEERRAR (K 3-B).

2.4 SDH % SNDH HIEEIENE R ah 1228
e

SDH 1 il 1% W € 2514/ pH 8.0, HEE N
30°C, =88 1.2.4 WhEEENE 1k, WA SDH )

FURIE A 3.15 Ulmg; [RIFERY, SNDH A9 S il 2
40K pH 8.0, JEJE N 35 °C, 115 SNDH (1 H il
%M 6.12 U/mg.

R T GRS 1SR, Al T
SDH H1 SNDH 7£ 25, 50, 100, 150. 250 mmol/L
IR T AT 1, AT EE LA K [R5
PEATEER AT, 155 SDH # K 7 149.52 mmol/L ;
SNDH ) Ky, *A 94.68 mmol/L (& 4).

2.5 SDH K SNDH {&4MEAL 47

Xt SDH. SNDH ZH-& 1k L-1L A4 08 S v ik &R
HEAT HPLC Z&3iF, 45 SDH. SNDH ] 40 444k
L-th B AR BY, 2-KLG, - HA ) A &) =9 L-1l

Equation y=at+b¥x
IAdj. R-Square|0.99626 [0.99512
25 alue
SNDH Intercept[2.51594
SNDH Slope  [0.23816
20 SDH Intercept| 2.8682
SDH Slope  [0.42886

Standard error|
0.15187
0.00729
0.31266

0.01501 ] —

e LineAr 1‘1t of SNDH
— Linear fit of SDH

1/v (mol/L-min-10%)

1/[S] (mol/L)

B4 RESFINWFHRKRLE
Figure 4. Michaelis-Menten plots for the reaction
Kinetics.

aRIU L-Sorbosone
2 80000 |
'C_‘“ 1
- 60000 M‘L-Sorbose
é 40000 “ |\
§ 20000 2KLG “‘ v\
Fa 0 - N

0 25 5.0 7.5 10.0 12.5
t/min

5. fE L-LLBHEE X 2-KLG Y HPLC 43l
Figure 5. Analysis of 2-KLG production from L-sorbose
by HPLC.

3 it
H A N KB 4 R C R 2-f L -
ﬁiﬁ@ﬁ%ﬁﬁé@ﬁ?{eﬁ:ﬁﬂi@%iﬁmo Hrp, 158
LAY ] 2-KLG H b i 1L B8R Ul (SDH) Fi
*”@HB&Ew@(SNDH)mZmIEPB@%%EEO
I, B IR TR R R 4510 SDH A1 SNDH R £ AT
FACH AR RRRAT R, BEIE LT 3RS 2-KLG A f=—2
o N TSEPx—HEY, Akira Z%F—7FP G. oxydans
DSM 4025 Je 5 10 LU B /111 B e 58 S it 1) it
15307, R B R v pH {6l 7.5-8.5,
fimﬂ%ﬁ?ﬁ 30-40 °C?, Zhang %%t G.
oxydans GO112 H1 ) SDH A alifb Fs 4 & 3K,
pH 6.86. 40 °C I, SDH &M, Taro &%k
FLYEF K. vulgare DSM 4025 ) SNDH 7& pH 7.0
i ADRE L- I BL R Ak L-AARS
AT K. vulgare WSH-001 #4 sdh il
sndh JEP RGBT R wH, @il Ni-NTA
FEAZATHE (QIAGen) FIEE e ok U8 )= AT 15 8] T8 =
4Ry SDH #il SNDH, FIF 2 45 SDH iy
FE N 3.15 Ulmg, FHAS SDH 1) fd s v
& 30 °C, Fidi [ pH iy 8.0 47 5 [AlFE ), SNDH
Y EE A 6.12 Ulmg, FFI075 SNDH 19 feid S ik
ik 35 °C, i@ i pH N 8.0 244, fE pH 3.0,

http://journals.im.ac.cn/actamicrocn
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4.0, 5.0 (IRERYESRMET, 2 ASBEAIETE #RARAG o
LI ) Gao 26T K. vulgare WSH-001 i)
sdh Fi sndh & R o Bk R %5 T G, oxydans
WSH-003, 753 2-KLG &= 50 4.9 g/L, @it
HERECK: SDH Al SNDH @it #ikJ5, 2-KLG 7=
Bk RN 324 g/, R, KB
SRAT K L-th AL AR R B % @ A2 b pH (i
SRR R 4.0 24P, Wik, JEFASRIRE
WFEEE R, nTTT pH EE RIS IL Gao SEH4 £
f) G. oxydans WSH-003 2-KLG 4= /= —# 5 ., i
PEPE R B e S AR R A pH B, [T45RIATE
G. oxydans WSH-003 1/ SDH. SNDH HA K
HHEAL IS . K. vulgare WSH-001 S5 i) SDH Fi
SNDH M=o, #2h 2-KLG A4 —2
BRI A 07 FH PR A S 2 S

2 % L M
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Purification and characterization of L-sorbose dehydrogenase
and L-sorbosone dehydrogenase from Ketogulonicigenium
vulgare WSH-001

Yuan Gao, Weizhu Zeng, Jingwen Zhou, Jian Chen”

Key Laboratory of Industrial Biotechnology, Ministry of Education; School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

Abstract: [Objective] We purified and characterized L-sorbose dehydrogenase and L-sorbosone dehydrogenase
from Ketogulonicigenium vulgare WSH-001. [Methods] L-sorbose dehydrogenase gene (sdh) and L-sorbosone
dehydrogenase gene (sndh) from K. vulgare WSH-001 were amplified by PCR. The amplified fragments were
inserted into pET-28a(+) to obtain expression plasmids, namely pET28a-sdh and pET28a-sndh. Escherichia coli
BL21(DE3) harboring the above plasmids was used to express SDH and SNDH. Purified SDH and SNDH were
obtained by using HisTrap™ affinity chromatography and gel filtration chromatography. [Results] SDH and SNDH
from K. vulgare WSH-001 were expressed in E. coli BL21(DE3) and purified. The molecular weight of SDH and
SNDH were 64 kDa and 48 kDa on SDS-PAGE, respectively. Colorimetric assay showed that the enzyme activity
of SDH and SNDH was 3.15 U/mg and 6.12 U/mg, respectively. The optimum temperature and pH of the purified
SDH were 30 °C and 8.0, respectively, whereas the optimum temperature and pH of the purified SNDH were 35°C
and 8.0, respectively. The enzyme activity of SDH and SNDH was extremely low at pH 3.0, 4.0 and 5.0.
[Conclusion] SDH and SNDH from K. vulgare WSH-001 were expressed in E. coli BL21(DE3) and characterized.
The results could provide essential reference for the achievement of one-step fermentation of 2-KLG.

Keywords: Gluconobacter oxydans, 2-keto-L-gulonic acid, L-sorbose dehydrogenase, L-sorbosone dehydrogenase
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