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Abstract: Ketogulonigenium vulgare is an acid-producing strain in the process of two-step vitamin C fermentation.
L-sorbosone dehydrogenase (SNDH) is one of the key enzymes during the biosynthesis of 2-keto-L-gulonic acid (2-KGA),
the precursor of vitamin C. However, the catalytic mechanism of SNDH is unclear. According to the whole genome
sequencing of K. vulgare, two genes encoding sorbosone dehydrogenases, one derived from the chromosome (named as
sndhg) and one from plasmid (named as sndhp), were introduced into an industrial strain K. vulgare. The overexpression of
gene sndhg had hardly effect on 2-KGA production, and the overexpression of gene sndhp produced an obvious byproduct
in the fermentation broth. Combinational expression of sndhg/sndhp with pggA (obtaining sndhg-pggA and sndhp-pggA
modules) in K. vulgare resulted in the similar fermentation phenotype to two previous strains. After serial sub-cultivation of
co-cultured Bacillus endophyticus with each engineered K. vulgare for 50 d, the conversion rate of 2-KGA increased by
15.4%, 179%, 0.65% and 125% compared with that of the parental K. vulgare with B. endophyticus. This study shows that
adaptive evolution of microbial consortium is an effective strategy to increase the fitness between functional modules and
chassis, thus quickly getting better strains for production of 2-KGA.

Keywords: Ketogulonigenium vulgare, L-sorbosone dehydrogenase, fitness, adaptive evolution, mixed culture system
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(7 168 h 2-KGA 32.4 g/L
TaKaRa
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PCR
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30.39% L-sorbosone dehydrogenase
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PQQ
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Table 1 Sequence of primes
Prime names Sequence (5'-3") Restriction sites
1 n E SNDHGF CGGggtaccGCCACCA Kpn I
ﬁﬂ 5 ] GCATCCAGCAA
" SNDHGR CCCaagcttATAGGCAG Hind III
11w AGGCGTCAAAAC
C SNDHPF  CGGggtaccCTGATCCA Kpn I
K. vulgare HKv604 GTAAGCCACCA i
SNDHPR  CCCaagcttGCCGCATT Hind III
Bacillus endophyticus!'?! AACCGTGATAG
K. vulgare PqqAF GGactagtGCGGAGGA Spe [
' y AACCGATCCATT
pBBR1IMCS2!" pqggAR  ACgagctcTCAGCTATC sac I
CGCGCGTGCAT

(dATP

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



IR /LS SR S A R R RS RS

..........................

Hmd I BamH 1
pBBRIMCS2
KmR H mob H rep

--------------------------

b WZ17Z8 |

e —

BamH 1 Spe 1 Sac 1

pBBRIMCS2

Km* b= mob }={ rep

1 TJl K. vulgare & L-lLEERAE SEERE R (A)
RESHETERER pqgA HEMINEERR (B)
Sk inkE

Fig. 1 Construction of the functional modules
including  (A) genes encoding  L-sorbosone
dehydrogenase (sndhg, sndhp) and (B) genes encoding
L-sorbosone dehydrogenase with PQQ (sndhg-pqgA,
sndhp-pqgA) in K. vulgare.

sndhg sndhp

sndhg-pqgA  sndhp-pqgA 4
SyBE_Kv0001116021

SyBE Kv0001116022 SyBE Kv00011160210

SyBE_Kv00011160220

K. vulgare

1.2.2
(L ) 3¢
3g 3g lg 10 g
KH,PO4 1 g MgSO,02¢g CaCO;1g
0.8L 20¢g
pH6.8 121 C 20 min 20 g/L-

02L

& 010-64807509

(1L ) 15¢g
12g KH,PO41g MgS0O,0.5g CaCOs2¢g
0.8L pH6.8-7.0 121 C
80 g 02L

20 min

1.2.3

50 mL ( 50 pg/mL )
30 °C 250 r/min 48 h
24h
ODg0=0.3

1.2.4

1 mL 12000 r/min 5 min

0.5 mol/L

(HPLC)

HPLC
Bio-Rad HPX-87H
0.5 mol/L H,SO4 0.6 mL/min
65 C
1.25
K. vulgare  B. endophyticus
ODgoo 31 50 mL
250 mL
30 'C 250 r/min 24 h

50 mL

2 mL

50d
1 mL 12 000 1/min
2-KGA HPLC
ODsoo

K. vulgare

5 min

1 mL 0.5 mol/L HCI
50 50

K cjb@im.ac.cn



1228 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech ~September 25,2016 Vol.32 No.9

B. endophyticus L-
ODsoo (7
sndhp
2 HEREH® .
2.1 WA AR SEE TN BEAR R XY K. vulgare HY sndhp
A L- 2-KGA
A
K. vulgare —— SyBE_Kv000111601
[15-16] . —— SyBE_Kv0001116010
191 SYBE_Kv0001116021
—=-SyBE_Kv00011160210
2-KGA . SyBE_Kv0001116022
2 -=-SyBE_Kv00011160220
< 16t
SyBE Kv0001116021  SyBE Kv0001116022 i
L- 20 g/L =i
2-KGA 2
48 h 10 .
0 12 24 36 48
t (h)
36 h L- 2-KGA By
sndhp
2-KGA 38
=2
sndh
; S
M
gy —— SyBE_Kv000111601
2-KGA 3 24 h —— SyBE_Kv0001116010
SyBE_Kv0001116021
HPLC L- -5=SyBE_Kv00011160210
SyBE_Kv0001116022
9.50 min 7.87 min 0 , -=- SyBE_Kv00011160220
3 0 12 24 36 48
sndhg L f )
sndhp 7.40 min
B2 LLELER R SESARRAT K. vulgare 4B (A) 57
B (B) RYSNE
87H Fig. 2 Influence of sndhg (SyBE Kv0001116021),
3 sndhp (SyBE_Kv0001116022), sndhg-pqgA (SyBE_

Kv00011160210), sndhp-pggA (SyBE_Kv00011160220)
modules on (A) sorbose consumption and (B) 2-KGA
production of K. vulgare.

2-KGA

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



IR /LRI SRR St BT E R R M RAIER 21 1229

—= SyBE_Kv000116021

SYBE_Kv000116022

L-sorbose
. 90 [
> “"
g 60 2-KGA ‘,
‘; |
30} '
S Lo 7 ‘
= = 2
0 i
5 A 11
Unknown

Retention time (min)

B 3 & K. vulgare ZE =41 H) HPLC #230
Fig. 3 HPLC analysis of the engineered strains.
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Fig. 4 Effects of sndh modules on the 2-KGA production
and L-sorbose consumption in the consortium.
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Fig. 5 The 2-KGA production of mixed culture in the
251 K. vulgare process of sub-cultivation for 50 d.
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Fig. 6 2-KGA production of the sub-cultivated
K. vulgare and B. endophyticus consortium.
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