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R, A AR 2 AR R AT T v A L AR e R S A
(sldh)F134 38 AE R 5 o 8 2 i Ll B R G & e
(SDH) I LLIBZLBE A S B (SNDH) LK (sdh Fllsndh) s
BRI o 33X 3 S HHE M Sl 1) L itk s v
fiii (Pyrroloquinoline quinone, PQQ) A HfifE"™ .
PQQJ&201H 20 70 AR A & LI — Tl S b D i 1)
B, 24k R R(FMN ., FAD)HIUH
BAFR(NAD . NADP)Z J5 & B &5 3 Fh i i
FEMCRTAORFSE R, 8 A I S S A FIPQQ A
BUSR AL, SCE MU — 2L A 7 2-KLG™
HIkF44.5 g/L. BEEMIFRAIARBIRA, kAR
2-KILGX AR 7 B ke 481 7 2 B TR AT T 1) A 4 B 2-
KLGH s IE ik sz m, K ot — 24
F2-KLGr e I, AHOCHESE H FTAR DLRA
AR SCRA TR TN P ik 4801 7 2 AR R A T8 W SHL-
003 AMFFEXT S, KRk B 2-KLG A& T MR A4
K K 52-KLGE ARG 1 S S P 3R 3847 1w
Ho BIEHLE T AFREE2-KLGX B AR A K 152
Wi, 4% R 2 WA vk B 2-K LG AR K A I B AR A 2
KICHA S0 o eGSR B i 2-KLG X 4 Ak
) B IR AT I AT e, SRS 2 S PCRAY
AR, o3Il BB A B N K sldAB, i
PQQIY & WAL # pggABCDEMI 5N 1E I PQQHE
EHERAENPRBEN ., SR EREEE2-
KLGZ A PQQA A LA K PQQIK S 754 i S Bt i)
ik BOIRAFFE A2-KLGE =R 4 2 CA: 7 i ik
PSR L T — PR AEEH .
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1.1 #Bt
111 BERR: A LA PERRAT EWSH-003, &L
T2 A PR Bl A ZC Tl A P B ak™

1.1.2 5|%. RUAAMREMERGIY, HH
Beacon Designer 78415 1T .
1.1.3  FEFEFAUSE: LightCycler 480 LT E
HPCRY 4L, #Hit:Roche/A#]; Nanodrop ND-
20004636 1, €@ Thermo/A ] ; PCRIX, 3
[E|BioRad/yFl; #0081, ZE[EEppendorf/AH]; #
W, A T AEY TRAMRAR; dESRNA
FLHUR ] £ RNeasy Mini Kit, #EQIAGENZ
Al s i SRR & PrimeScript RT reagent Kit
SYBR Premix Ex Taqi{f| & . DNA Marker; Ki%
TaKaRa/\ ]
1.1.4  3E3REE. ILWRLEEE R (g/L): 1AL
150, BERERS10, HASRpH, HEFEmiasins0 ng/L3kfpg
THh
1.2 TSzt

P HAE b A 2 A PR AT TR S P R T LAY B R
b, A8 hikBREME, 4%10% (V/V)FiETH
ff3EFR AL 30 °C. 220 r/mind% 3, 12 hEikF%}
B0 T B A AN R i A 2-KLG A A, i 2-
KLGZWE /5135500, 20, 40, 60, 80, 1004l
120 g/L, KspHIE B 5 0B L & i pH — U5 Fi-8%
Fi4 h, £ 1 hEUREFE600 nmibill iE Y3 FEOD .
AFER3AFAT
1.3 2-KLGHIBLH

W AR 4K 250 W IR AT TR B 97 BB A K
ODgoo=1.0, BT A 8532 MR A 5 4 U5 i 15 3%
W, LA D T A 0 2% A T 00 00 4 TR VR FE — B
FEAMBEAR A R B92-KLG#¥ AR, TpH)E, il
B IR 2-KLGZHR E 73 il 1550 . 8071120 g/L
2-KLG, Hs%2 ha e, B0 Jq
RIS
1.4 R¥EEFELAEREPCR(RT-PCR)
1.41 RNARB: H1A200 pL 5 g/LIEH# W37 °C
FNES minfRELIM, RNAFEHGE RN AHEBGAH]
ARNA Mini Kit#E Ui T,
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1. RT-PCRHEARSIH
Table 1. Primers used in RT-PCR

Genes Production of Gene Sequences (5'—3")
16S rRNA 16S rRNA F: GCGGTTGTTACAGTCAGATG

R: GCCTCAGCGTCAGTATCG
pqqA PqqA F: TTGGAACACGCCGAAAGT

R: TACTTCTTCTCGCCGCAGA
pqqB PqqB F: ATATCACAGCAGACATCATC

R: AGCACGGATCATTTCATC
pqqC PqqC F: CACTACGACTTCATTTCC

R: CATTCTCACGCACATAAG
pqqD PqqD F: TTGGCAGTGTCATTGAGA

R: TCCGTCAGATCAGAAAGAA
PYqE PqqE F: TTACACCAATCTTATCACATCC

R: ATCCAGACCAGCCTTATC
sldA Large subunit of sorbitol dehydrogenase SIdA F: CGCATTATGATGGTGAGT

R: CAGTTCGCAATCAGGATG
sldB Small subunit of sorbitol dehydrogenase S1dB F: GAACCTCACCTTTTACAG

R: CACGAGAAGAATAACGAT
ged Membrane-bound glucose dehydrogenase (PQQ) F: AGTTCGTGGTCACCTATG

R: AGCGAGTAAGCAATCAGA
ompA Outer membrane protein OmpA F: GTTGAAGTTGAGGGTGTAT

R: TTGACGAAACCGCCATAA
ompW Outer membrane protein OmpW F: ACTTCTTTACGGATCATATCTC

R: CCCAGAGCAGTATCTTCT
B932 2186 Putative ABC transprter permease F: AATGGTGAAGAGCATACG

R: CTCAGGAACCTTGATGTC
B932 0755 Putative membrane protein F: GCCGATCTGAAACTTATACC

R: ATTCCGTTCTAGCTGACA
B932 1930 Putative transporter F: AATCCAGACTGTTCAGAA

R: CCATACAATCCGAAATCA
1.4.2 cDNA#l%: +%/EPrimerScript RT reagent 2-KLGES AL BAAE 5 R 6 R — 20 o A

KitBeEii, JoeBRItR4IDNA, FRRNAR
SFCDNA, —20 °CIRAE

1.43 RT-PCRYHE: RT-PCRIZ A Z H20 uL,
£ 4143 HSYBR Green Master 10 uL. 1E 5|4
(10 pmol/uL) 0.4 pL. KZ[A5[#)(10 pmol/uL) 0.4 uL
cDNAFEHR1.2 uL. ddH,0 8 pL., PCRJZWZ%K
95°C20s; 95°C3s, 55°C30s, 40MMEH, ik
B B DOEE S, A G X R E 5
WEATALEE . PL16S rRNAGASHF NS, 0 ¢g/L
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AR A 2 BE TR T RO E0 T 43 A N T AN ) 1 2-
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1. FEIRE2-KLGH M T AEPERITEWSH-
003 K1

Figure 1. Effect of 2-KLG concentrations on the cell
growth of Gluconobacter oxydans WSH-003. &0 g/L,
320 g/L, -a40 g/L, 60 g/L, +-80 g/L, 4100 g/L, -x-
120 g/L. Each value represents the average value and
standard deviation (SD) of three parallels.
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Figure 2. Effects of 2-KLG concentration on the
sorbitol dehydrogenase genes. K40: strains stimulated
by 40 g/L 2-KLG (white bars); K80: strains stimulated
by 80 g/L 2-KLG (light grey bars); K120: strains
stimulated by 120 g/L 2-KLG (dark grey bars). Each
value represents the average value and standard
deviation of three parallel samples.

http://journals.im.ac.cn/actamicrocn



1660

Hui Wan et al. | Acta Microbiologica Sinica, 2016, 56(10)

[F] Rk FH PQQAE PRI 2 AN [R] o ASBIF 5 08 FH ) 4
A PR AT o O 58 R A Ty, 25 R BoR
PQQ& Wi I N HpggABCDE . AR CHFFE T =ik
F£2-KLGXPQQHANG WK pgga . pggB. pgqC.
pqqD . pqqEWIRW . K3 R, TE&HkE2-
KLGMHA R, pggABCDERZA B AE2F N7 S,
Ui ik 2 2-KLGIF AR i 352 i PQQIY & i o
2.4 EIVRER2-KLGXEERZEH R EERIX
PRI i

2-KLGH Bt # b, 1l A B i 01l 5 2 il
PQQTE M T AL ™, HEMIPQQIY %12 Xt
2 KLGHMAATRIH M . PidiiE, OmpA. OmpW.
B932 2186, B932 0755, B932 19307 fE>
PQQikZMIKE ", ARCH X SR
PQQ¥% iz 1 i B I FE = W FE2-KLGH 1 T Y
RKiKEO, R MEAFTR, R8N, EIRTEN
PQQftiz I 4mi LK i, 7£40 g/L 2-KLGJE T
TARMEEAE2ME AN, (HREE2-KLGRYIE N, ixik

2 -
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0
pqq4 pqqB tqu
-1t
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qqE

<
@
=

Fold change

_2_
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Figure 3. The expression of PQQ synthesis genes
under different high 2-KLG stress. K40: strains
stimulated by 40 g/L 2-KLG (white bars); K80: strains
stimulated by 80 g/L 2-KLG (light grey bars); K120:
strains stimulated by 120 g/L 2-KLG (dark grey bars).
Each value represents the average value and standard
deviation of three parallel samples.
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Figure 4. The expression of potential transport protein
encode genes under different high 2-KLG stress. K40:
strains stimulated by 40 g/L 2-KLG (white bars); K80:
strains stimulated by 80 g/L 2-KLG (light grey bars);
K120: strains stimulated by 120 g/L 2-KLG (dark grey
bars). Each value represents the average value and
standard deviation of three parallel samples.
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KLGX B A K TC B E A Ao H R A& W
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Effect of high 2-KL.G concentration on expression of pivotal genes
involved in 2-KLG synthesis in Gluconobacter oxydans WSH-003

Hui Wan, Zhen Kang, Jianghua Li, Jingwen Zhou

Key Laboratory of Industrial Biotechnology, Ministry of EducationSchool of Biotechnology, Jiangnan University, Wuxi 214122,

Jiangsu Province, China

Abstract: [Objective] To analyze the effect of high 2-keto-L-gulonic acid (2-KLG) on important dehydrogenase,
cofactor and transport proteins involved in 2-KLG synthesis. [Methods] First, the growth of Gluconobacter oxydans
under high 2-KL.G was observed. The real-time PCR was used to detect the expression of key sorbitol dehydrogenase
gene sldAB, pyrroloquinoline quinone (PQQ) biosynthesis gene cluster pggABCDE, and five genes encoding
hypothetic PQQ transport proteins. [Results] According to results of the growth of G. oxydans under different 2-KLG
concentration, 40, 80 and 120 g/L 2-KLG were decided to stimulate strains. Real-time PCR showed that PQQ
synthesis genes pggABCDE were not affected by high 2-KLG, but sorbitol dehydrogenase genes sldAB and part of
genes encoding PQQ transport proteins were down-regulated under high 2-KLG stress. [Conclusion] The expression
of sorbitol dehydrogenase genes was restrained by high 2-KLG, PQQ transport was probably inhibited, but PQQ

synthesis was not affected.

Keywords: Gluconobacter oxydans WSH-003, 2-keto-L-gulonic acid, pyrroloquinoline quinone, sorbitol
dehydrogenase SDH, real time PCR

(Rt %: KBxm)

Supported by the National Program on Key Basic Research Project of China (2014CB745100), by the Program for New Century
Excellent Talents in University (NCET-12-0876), by the Foundation for the Author of National Excellent Doctoral Dissertation of
China (201256) and by the National Nature Science Foundation of China (21390204)

"Corresponding author. Tel/Fax: +86-510-85918312; E-mail: zhoujw1982@jiangnan.edu.cn
Received: 19 January 2016; Revised: 27 February 2016; Published online: 2 March 2016

http://journals.im.ac.cn/actamicrocn



