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Knockout of the hAprK Gene in B . subtilis CcpA Mutant
and Its Influence on Riboflavin Fermentation
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Abstract In Bacillus subtilis raising the amount of carbon catabolite in vivo would lead to carbon catabolite repression CCR
and restrain the absorption of glucose. By deleting CepA the CCR effect could be relieved  but the absorption of glucose remains
restrained. The phosphoenol-pyruvate — sugar phosphotransferase system PTS is the main glucose transportation system in B.
subtilis . HPr protein together with HprK/P participate in the glucose transportation. The HPr protein is phosphorylated at His-15
forming HPr-His-15-P transferring phosphate group from HPr to EIl . While HprK/P phosphorylate HPr at Ser-46 forming HPr-
Ser-46-P. HPr-Ser-46-P cannot participate in the transportation of glucose. The Knockout of cepA gene increases the amount of
fructose 1 6-bisphosphate FBP in vivo. And FBP could activate HPr kinase. So when CcpA is deleted most part of the HPr
will be phosphorylated at Ser-46. Absorpton of glucose is blocked. In this study by disruption of hprk gene the obtained B.
subtilisZHc/pMX45 reaches the peak riboflavin production of 4.374mg/ml. at the optimum glucose concentration of 10%
19.2% higher than that of B. subtilis24 A1/pMX45 at the optimum glucose concentration of 8% .

Key words  Bacillus subtilis HPr protein  hprK gene phosphotransferase system PTS  riboflavin
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- PTS HprK/P HPr
B . subtilis ! HPr-Ser46-P  HPr-Serd6-P  CcpA
PTS I EIL PTS " HPr-Ser46-P
HPr I EN PTS HPr-Serd6-P  E [
ENY  pisG HPr 600 °
EL  pisl HPr  ptsH PTS HPr
pisGHI HPr-Ser46-P
GleT : GleT
EI CCR
HPr 15 B. subtilis
PEP El HPr- ccpA CCR ’
His15- P HPr- Hisl5- P El 8%
*  HPr CepA HPr-Serd6-P
46 ATP HPr-Serd6-P
HPr /P-Ser-HPr HprK/P
HPr-Ser46-P  HPr-Serd6-P CcepA
A CepA ! hprK CepA  HpK/P
CCR HprK/P
B . subtilis 10%
HprK/P hprK 307°
930bp 310 1
HprK/P 1.1
1 6- FBP P 1 B.
HprK/P subtilis24A1/pMX45  CcpA
HprK/P pMX45 B . subtilis

1

Table 1 Bacterial strains and plasmid used in this study

Strain or plasmid

Relevant characteristics

Source

Host for plasmid construction

E . coli topl0 Laboratory stock
B. subtilis168 irpC2 o Laboratory stock
B. subtilis24A1 8-AG" Em" rosefavin® D" Accpd  erm Laboratory stock
B. subtilis24A1/pMX45 8-AG" Em'" roseflavinr D" AcepAd  erm Laboratory stock
B . subtilisZHe 8-AG" Em" roseflavinr Dc" AcepA  erm AhprK  cm This study
B. subtilisZHe/pMX45 8-AG" Em" roseflavinr Dc" AcepA  erm AhprK  cm This study
pC194 Cm" Laboratory stock
pHP13 Cm' Em' Laboratory stock
pHP13-hpr Cm* Em" This study
pHP13-hpr cat Cm' En’ AhprK em This study
pMX45 Em" rib operon B. subtilis plasmid Laboratory stock
1.2
Fermentas T4 DNA
TaKaRa Taq DNA
DNA B . subtilis24A1
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subtilisZHc B . subtilis
PCR 92°C 4min
30 92C 30s 55C Imin
72°C 40s 72C
Smin PCR hpr Cm
1.5min
1.3
2.5% 0.05%
MgSO,; 7H,0 0.2%
10%
41°C 250r/min 5% 50
ml./500mL. pH 72 ~ 84h
12h
444nm
Y =0.0319X - 0.0042
Y X mg/L
2
2.1 pHP13-hpr cat
hprK B. subtilis 3594.20kb ~
3595.13kb 930bp hprK
100bp hptK-up ~ 5'-CT

CGAACTGCAGCAGTTTAGGTTCAAGCCCGAAAG-3’
hprK-down 5'-GATCATGAATTCAAAGCGCCGAGACCG

ATA-3’ hprK-up Pst |
hprK-down EcoR 1 B.
subtilis 168 PCR 1.1kb
hprK PCR pHP13 Pst]
EcoR]
E . coli topl0
pHP13-hpr

Cm-up 5'- GAGAGAGGATCCTCTAG
ATTATTCTTCAACTAAAGCACC-3’ Cm-down 5'-
GATATAGGATCCGGTACCTCTAGAGCTCAACGTCAAT

AAAGCAAT-3' Xbal 1
pC194 PCR
Cm' 1.1kb  cat
hprK Xbal 1
100bp Xbal 1 pHP13-
hpr  cat
E . coli topl0 Spg/mL LB

10

hprK-up  hprK-down
PCR pHP13-hpr  cat
PCR 2.1kb  hpr cat
3 pHP13-hpr cat
2.2 CcpA HprK/P
PCR 2.1kb
ccpA B . subtilis24A1
CMR

hprK  cat
Spg/mL

B. subtilisZHa ZHb ZHc  ZHd
4
hprK 130bp
P1 5'-CTTCCTGATTCATGAAGTTCC-3’
GCTCTTGGGTAATCGTTGT -3’ PCR
hprK

P2 5'-

hprK  cat
PCR 2.2kb  hprK cat
PCR 1.1kb  hpr K
PCR 1 B.
subtilis24ZHe  PCR 2.2kb
cat hprK
B . subtilis24ZHc hprK
3 PCR
1.1kb

hprK

HprK/P
2.2kb
hprK  cat hprK
hprK

pMX45

B . subtilisZHc

CepA

HprK/P B. subtilisZHc/

pMX45
byp
10000 —
5000 —

00} —
2000 —

L0 —

Sy —

25 —

1 hprK PCR
Fig.1 PCR identification of hprK knockout mutant
1 1kb DNA ladder 2 B. subulis ZHa 3 B. subtilis ZHb 4 B.
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2.3 B. subtilis ZHc/pMX45 st
30 +
10%
B . subtilisZHc/pMX45 — 24A1/pMX45
72h 12h 2

25

20

Riboflavin/(mg/mL)

72h 3mg/ml.  B. subtilis 10

PTS CcpA 0 e

0 12 24 36 47 60 72 84
le"K/ P Incubation time/h

2 10%
Fig. 2 Contrast of riboflavin fermentation with

10% sucrose as carbon source

@ 24A1/pMX45 [] ZHc/pMX45

B . subtilis 3
ZHc/pMX45  24A1/pMX45 8%  B.subtilis24 A1/pMX45
3.67mg/mL ZHc/pMX45
2.4 B. subtilis ZHc/pMX45 10%
4.37mg/mL 19.2%
5% 8% 10%  12% HprK/P ZHc/pMX45
B . subtilisZHe/pMX45
24A1/pMX45 84h 12h ZHe/
5 5 -
5% glucose 8% glucose
g 4 L ~ 4 |
£
g3l EEu
g2t g2y
£ £
~ Lk & L L
0LF : L L L ! 03 : : ! L !
0 20 40 60 80 100 0 20 40 60 80 100
Incubation time/h Incubation time/h
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45 45 r
40T 40
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£ 35 E 35 r
g 30 F ED 30 1
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¥ 15 =15
10 10
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3
Fig.3  Contrast of riboflavin fermentation with glucose as carbon source

@24A1/pMX45 ] ZHc/pMX4S. N o
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pMX45

CCR
CCR
ccpA CcpA B.
subtilis24A1/pMX45
8% 60h
3.67mg/mlL.  CcpA
CCR
FBP-HprK/P-HPr CepA
HprK/P HPr-Serd6-
p EIl
HPr PTS
B . subtilisZHc/pMX45
10%
4.37mg/mL 19.2%
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