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The genetic modification effect of rib operon and ribC gene in
Bacillus subtilis
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Abstract: [Objective] This research focus on the influence of 7ib operon constitutively over-expression
and 7ibC gene low levels expression on the synthesis and accumulation of riboflavin in Bacillus
subtilis. [Methods] For the constitutively over-expression of rib operon, its promoter was modified in
situ, and the mRNA leader region was replaced by mRNA stabilizer. Using point mutations of its
promoter —35 region, ribC gene transcription level was reduced. The transcription levels of the target
genes were analysed by qRT-PCR method. The genetic effects of the modified genes were assessed by
measuring the biomass and riboflavin production of the recombinant in shaking flask fermentation.
[Results] The relative transcription levels of gsiB stabilizer-modified rib operon have increased about
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1 500 times. The first base mutations of ribC promoter —35 region can lead to its expression levels
decreased by more than 97%. With the LB medium supplemented with sucrose 20 g/L, fermentation
was completed in 36 h and the resulting recombinant strains LX34 can accumulate riboflavin 2.1 g/L,
meanwhile no significant decline in the biomass. [Conclusion] The gsiB mRNA stabilizer can
effectively improve transcription levels of the target gene or operon. A point mutation in the first base
of promoter —35 region can effectively reduce the transcription of ribC gene. The over-expression of
rib operon and the expression reduced significantly of ribC gene result in the accumulation of

riboflavin.
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Table 1 Strains

Btk wHepRiC Kt SR
Strains Genetic markers and instructions Source
B. subtilis L30 trpC2, AaraR: Para-neo, ApurR, AguaC, ApurA Laboratory stock
B. subtilis 24A1 8-AG', 6-SG', DC", ROF", AccpA: ‘erm, recA” Laboratory stock
B. subtilis LX31 trpC2, AaraR : Para-neo, ApurR, AguaC, ApurA, Arib: - cat This study
B. subtilis LX32 trpC2, AaraR: ‘Para-neo, ApurR, AguaC, ApurA, rib" (gsiB) This study
B. subtilis LX33 trpC2, AaraR: :Para-neo, ApurR, AguaC, ApurA, rib*(asnH) This study
B. subtilis LX34 trpC2, AaraR: :Para-neo, ApurR, AguaC, ApurA, rib”(gsiB), ribC35" This study
%2 PCRRI3IY
Table 2 PCR primers
519 31
Primers Sequences (5'—3")

R1 ACATATTCCCGTTATGCATCG

R2 GAAGGTTTTTATATTACAGCGAAATAAACTTACAATTTGAGAAAAAC

R3 ATGGGTGCTTTAGTTGAAGAGAGTTGGCACAGTGAAAGCCG

R4 CTATTCCTTTGTCGGTTTTGCCG

Cl GCTGTAATATAAAAACCTTC

C2 TCTTCAACTAAAGCACCCAT

R1’ GATAGAGGAGACATCGTCGTG

R2' AGCGATCCTTTTTAAAGTTGTCAATGAAATAAACTTACAATTTGAGAAAAAC

R3’ AAATGGAAGAGTATTATATGAAGCTGGCCTTAGATCTTGCGAAGC

R4’ GCTCTTTCCAGATTTACTTTGC

Pl ATTGACAACTTTAAAAAGGATCGCTATAATAACCAATAAGGACAAAAGGAGGAATTCAAAATGGAAGA

GTATTATATGAAGCT
P2 AGCTTCATATAATACTCTTCCATTTTGAATTCCTCCTTTTGTCCTTATTGGTTATTATAGCGATCCTTTTTAA
AGTTGTCAAT

Bl CTTTAAAAAGGATCGCTATAATAACCAATAAGGACAGAGGGAAAAGGATGAAAAAGG

B2 CATATAATACTCTTCCATTTGTTTCTCACCTCCTTATCAAGTTGGCGTG

RTribl TGGCTCTCATCGCTGTG

RTrib2 CATTGGCTTCTACGGTGTC

RTcepAl ACGAGCATGTGGCGGAAT

RTccpA2 CGATAGCGACTGACGGTGT

RC1 GTATCAGGCGTGCTTCC

RC2 GTTTTGGTCGTAGAGCACACAGCAAGACATTCGCCAAT

Eml GTGTGCTCTACGACCAA

Em2 CGCGGATCCACTCGGCGTATGTTATTCA

RC3 CGCGGATCCCCGTGGAAGAGCATACAG

RC4 CCGGAATTCCCATACAATTACGAACTCCTC
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1.2 Bk =ik F

Taq BEFN Pfu B A AL e A E AR A PR
vdl; PCR Haifbidin & . DNA K RIS &
W H A TAE YA R w5 BRE P DI . NTP
1 cDNA 2F—4546 B F &0 5 Thermo scientific
vl AR RNA SR &6 A Tiangen 23 A
iQ™ SYBR Green supermix ¥ [ Bio-Rad 23 #]; X
MR B EERIA A Sigma AR5 HAbE
P45 11
1.3 EFEMEFRZG

B. subtilis {—EREFEYIME A RAAR) LB
FRFR AR AR 10.0 g/L, BERHmEEY) 5.0 g/L, NaCl
10.0 g/L, pH 7.0, EilEH# 15.0 g/L (FIREF:50)], %
LB F M FITE LB B53RSErPAMInEERE 20 o/L 1Y
LBS2 Kigidk, HFRIREN 37 °C, WIARFRIIFEIR
I R 220 r/min. IR A I A LB 3575,
W ENINALLEE R 3 mg/L SiBE X 100 mg/L.
1.4 EE#RIE

45 DNA H B2 LA B. subtilis L30 Yo fKaf
JkL kit , i@ PCR 34758, DNA F Biydf
BRI S PCR 735", KR DNA A Brih (bl
AU, LB Bt AR EmA vk, 52
B E PR s R 1 Y AR IEAAE T . B. subtilis
R 7 285 200 T 1 o s B e Ak T vk, YR FR AR HE Y
SPIZIZEN J5 iU S Al 1 i 4 4 1 SR R B
Yefafk . PCR Y4, WD), VK S L L Tk B )
T FAbFRImA % e R DNA WP ik, %&
FEALT SRS EAE YRH A F1E T DNA JUJT
1.5 EBRHEE PCR 247

FITAB L P sl B (0 2Rk, RN E A
PRIAF S 2 K mRNA AR K ) st TR AE o SR
SERFSEEE B PCR (qQRT-PCR) 7 v, & L PN Ay
mRNA /K-, UL cepd FEPRE S LN . &L RNA
MIFEEL . cDNA 55 —HEYP 1A RT-PCR (H#AE )7
PG, St BERT AR S R E UL T T
53 S0 A AR TEFR EOH AR E I C M, B
3AFEAT, LEEMERIE AR 274 mRNA Y
AHXF K
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¥ ¥ R (2/L)=A444x10/323, L BER TR
i, PWIRTIE AR REK R G E R, YR,
FA4YIEIEEE TN E ODgoo 1 -
2 HR550
2.1 rib BNFERPRE B IE

i T HE B. subtilis L30 ML EARIFALHAT rib 15
ITFBHE, T2 rib B F AR,
DA e 2 i S R E AL AL ik . 43 B S 149
R1/R2 Fl R3/R4 48 rib #RH\F A9 B [R5 5 51)
(526 1 512 bp), F5I#I C1/C2 Tk pC194 -
S E R PUEIE R B B (920 bp) K A 3 4N Bebt
P h—A~ 1958 bp (W Be, E&m R FBAL
FHA R A Bz 8. XA~ PEe A B 1 B.
subtilis L30 JEZ QM , TEA R R PP Ft ik
AT, B RPIMILN R rib 9\ T 03 5)
TH mRNA 55X 58, 12T R rib B
FRIGMIE R G R B. subtilis LX31, LX31
TR SR MR R, FrLAfE LB 535
I FAKIEHR, 76 GMI fil GMII 555 R4
KAER . B FAHZRPRTEaER, LX31 7
100 mg/L B ZE MY LB A EAREEK
2.2 rib BRAFHIEIH R mRNA 8 E FRIE 1

JABF-35 XJFHIXT I 3+ A 25y
Wi, SRS s FA9—35 X4 o 0 aliohH ] 25 [ P
G, BFAER kb BT IR B35 XJF AR
“TTGCGT”, SILFIFH“TTGACA™f i£ 5., B
R rib FRONVT mRNA RIS XA REN Jei-24a
rib FENT-RIRM 5] o S rib BT 1A
35 X, fILSILFEFS—8G H55H gsiB
LR B asnH KL mRNA F45E F5H46 rib #2901
) mRNA B 51X, SCBH rib BRI T4 B 4535 .
rib BT IS 30T I mRNA §i 5 KAEMi RIS 19551
wmE 1 iR,
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Wild-type
=35

RBS

ATTGCGTACTTTAAAAAGGATCGCTATAATAACCAATAAGGACA

-10 +1

Initiation codon

Modified by gsiB  ATTGacaACTTTAAAAAGGATCGCTATAATAACCAATAAGGACA

mRNA stabilizer -35

-10 +1

aaaggaggaattcaaaATGGAAGAGTATTATATGAA.........

RBS Initiation codon

Modified by ansH ATTGacaACTTTAAAAAGGATCGCTATAATAACCAATAAGGACA

mRNA stabilizer -35

-10 +1

gagggaaaaggat...... ccaacttgataaggaggtgaGAAACAAATGGAAG.........

RBS Initiation codon

1 rib BT YR &

Figure 1 The sequence and modification sequence of rib operon

T REFRENELGTI; NG TR BTG 5.

Note: Uppercase letters represent the wild-type sequence; Lowercase letters represent the modified sequence.

FHPCR 5149 R1/R2'Y 3 rib 9\ T A 8l F I I
TiEIP510(998 bp), #5191 R2'H 5| AJE8hF-35 X1
RRAS . 5 R3IRAY 1Y rib BT — I
K (ribD) 4 fi5 751 (1 330 bp). & L5114 P1 Al P2,
SRIGIRAK . SEA, JE RN gsiB mRNA FaE+ M
ST K ik 3 AR B —A~ 2 411 bp I F
B¢, gsiB mRNA Fa g 0T 98] . BHE =ik 4k rib
B FORA TR LX31, FEBCELE E P Lo
AT . BTN PRAE, 58T rib 9\
FHIE BT I gsiB o TR EL A B.
subtilis 1LX32., 54NH5149) BUB2 M B. subtilis Yt
R EP 1 asnH mRNA g 1-(446 bp), SHHFAY
rib BT A sh T P SR ribD 78 PR
2 744 bp MPHEFIEEL LX31 B2 5400, FHEC

BB RPI AR RS T, 8T rib BT I5
B &M S mRNA Fii 3 X8 asnH FaE T A &
ZHFRE B. subtilis LX33,

Ay SRR L30, LX32 Fl LX33, MEFE%L
WIARCE AN rib BT mRNA HIXFKF-.
RT-PCR (W4 S8 # , SEPEAENLT rib BT IRl
ribA FEHN, 51¥°0 RTribl #1 RTrib2, 2 AN
ccpA W RT-PCR 5|#1°} RTeepAl Fll RTeepA2. &
RSER45 R oK, BRk LX32 F1 LX33 1Y rib #R49\ 1
P mRNA 7K 43 52 BREE R L30 A9 1 531 A5
9 f5(FE 3). X—LEREKM, rib BT IRshF-35
XA, X4 rib BT R IR KT BT K.
1M gsiB FeE F Bk B AR Eg = rib B9 F 1
FIRIKN-, asnH FEGE FHIRCRIMAI R 2 o

*3 HERBRYTFH qRT-PCR EFE ST

Table 3 The transcription analysis of rib operon using qRT-PCR

ccpA ribA AG ccpA ribA AG ccpA rib4 AG
Cl 20.98 27.10 - 24.28 19.91 - 17.68 20.88 -
C2 20.70 27.12 - 24.46 19.93 - 17.61 20.89 -
C3 20.61 27.12 - 24.40 20.82 - 17.80 20.94 -
Mean 20.76 27.11 6.35 24.45 20.22 —4.23 17.70 20.90 3.20
AAC —10.58 -3.15
paa 1 531.00 9.00
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BEPk LX32 F1LX33 76 LB AR B8535 3 d, &
Ve SR AR AT LAY B €0, R LBS2 MR A7
PEESFR 36 h, LX32 R BBl R A 1
Wk, (AR S RIUE2Y 0.10 g/L; Pk LX33
FIREFRIROCI BB ek, R R BivkE
AR KRR S0 PR T L30 AHEL, SoRAT B 284k
2.3 ribC EFEBEIMH R KK ERIE

PR LX32 1 rib $Y\FRIEAKE BRI B
e, (ERERE ARG, RSN
B RO Ak A2 B T i FMN A FAD, 11
WA WA B3, WPl ribC SEE S 8hF 1935
X H1“TTGCCG i H“CTGCCG”, VAMRKHFA
K-, Bl M P B R P e, PRI R
PRI, (A% R AR R R A3

FH5 14 RC1/RC2 43 ribC e [H B—E% i P
(1 382 bp), 1EH EiFRIER ; 514 Em1/Em2 M
Jki pE194 b4 HG2IEE R BUPEREA  Be(1 253 bp),
YR bRic ;s FHE 14 RC3/RCA P 40 d% 1 8 715
PN ribC JER FrBE(1 828 bp), 1R R il IR .
1E514) RC3 W5 A ribC FER R B T-35 KA SR
a5, BVF“CBHe T, K bid 3 A R B PR A
4 463 bp M B, PHE™ WAL EE LX32 Rz
Ui, LR RPUE AR BT . PR
36 hJi, A2 12 MY L E 6, R
TR AR R I o PR (R S TR A TV R
fk, X ribC SR T, BB ribC FEH G 5
T35 XA THUE R RS, A GRS
A TUE R RAR A TUE SRR AT, 4
A B. subtilis LX34, }53% LX34 Hkk, LLL30 Rxf
B, INRE P ribC ZEH ) mRNA K. 255 R
7N, LX34 bk ribC 3 mRNA HFEKFE BA
L30 FPEY 1/35 (3R 4)o X E B ribC A F 3h+-35
XML T C AR ribC LR iRk
SETRRE 97%L L o ribC 3 R FRR K- AP
FE, AR TR, LU
AR R BRI AR A, TR T PR AT LAY
TS
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F 4 ribC EEH qRT-PCR ¥R

Table 4 The transcription analysis of ribC gene using

qRT-PCR
L30 L30 LX34 LX34
ccpA ribC AG ccpA ribC AG
Cl 1535 18.08 - 15.55  23.12 -
Cc2 1598 17.79 - 15.60 23.23 -
C3 1530 17.83 - 15.71  23.02 -

Mean 1554 1790 236 15.62  23.12 7.50
AAC 5.14

g AAc 0.029

2.4 LX34 BHBIERIFMER B RRE

A S B =R — MR T R Y AR
B. subtilis 24A1"%, 28 S F AR Tk i 22 LI
SRTRIE, HARAENSIT B A MR, (LHACHT
K, AWrEREIL, RS YR . a2l LB b
FRILFN LBS2 H5373E, JF4T LX34 1 24A1 HIRAGEE
A TERETE, e K 36 h B R BER ) ODgoo
AR, SR 2 iR,

A B
10 3r
X34 s X34
N 24A1 | 24A1
8r 2
o
§ 2+
6 =
g £
S :
4t o
S 1t
Q
3
2r g
[=
0 0
LB LBS2 LB LBS2

2 E#k LX34 71 24A1 $#2#R155F 36 h B9 ODg FNIZE
xFEE

Figure 2 The ODgy and riboflavin production of strains
L.X34 and 24A1 after shake culture 36 h

W A AW B: BEEEL

Note: A: Biomass; B: Production of riboflavin.
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FEPIRP SR PR LX34 M kA ety
WEET 24A1, VLEANE rib BRHAFH0 ribC £
K BB AT X 200 ML A 7 A BRI R AS R 52
16 LB BiFdth, LX34 IR Z 7 RAK T 24A1;
TZEAMIN T BRI LBS2 ¥53edkrh, HE® R/
BT 24A1, FTLLAE] 213 gL, SFEGX 405
K, ATRE S LX34 By KRR MBS A= e A G
LB R RISV BERR I T LX34 A K
FRZEEZ 0t AN 20 g/L Wi, fif LX34 (1
A K RE IR R B 2R B A5 8 T AHXS 78 AR .
X—g5 RN, R TREMENER LX34, K2
WA R ERR 24A1, TEAERKA=ZER )T
TR B
3 e

AT T gsiB mRNA Fa 58 FF1 asnH
mRNA F25E & rib R mRNA Fi X, X
— B RE AT LA#ERR rib BT RIRTHEENLR, d
FTLUERCH mRNA 12388, G55 rib 89\ 72N
R 2k B o MERRECRE , i asnH mRNA
FasE TAUE rib Y\ T-19 mRNA i P K SE A X8 5
T 9 5. G2 IR IR AETY rib BRATFAHLL,
mRNA 7CF A2 EAR AT RESE: rib BRI\ TR RIA
HILE R, A asnH mRNA FaE F4EK mRNA 2f
TERARI LR KON o asnH mRNA F45E T-7E rib B0
T mRNA 51X, FEARA REFE FIE-.
AN, AORMEEEN T asnH FaE FHFE
G, FRCAH A E AL, B SEBR R
I F o ABITE IR BN ING /D UERH , asnH £
ETEA) ZREREN. S52ZHM, gsiB mRNA
FasE T1E rib FEH T 1Y mRNA B X 83 T IEH %
H AR E RN, mRNA AIXACEHER T4 1531 5.
WSR2 R B PE L30 2™ A% JAFE Y rib H90F,
ATRE TR LA SE . D rib BROAT-IR) R 4R 5k
A9 LX33 1 LX32 FtkM L, gsiB mRNA F2E FHY
FOERN ZEREL asnH FaET 100 F5LAE . ARGEHT
N SRS E , gsiB mRNA FaE +H]

TS AR R R B KT, BA 2 i N
Pk, JFHBURRE

A B35 XA SRR 5 AR R A% I B AR
ribC ZER R IA K, BENSIA S B &I i P &R
YT e NS A H Y . AERITRE LX34 3%
R TELE BT LB, ribC B[R FRIE KRR,
WA R AN I A, AR 3 R 51k FMN
1 FAD A PRI 520 400 1E F AR KX FMN Al
FAD 5%, 55— J7 H MRk LX34 i -
ribC LRI FE TR /KT (R R AT IR B85 A2 LAY 2 A L R 2R A%
WRMTE, i, @ EshF-35 KAASR
AR REAR H AR 26K, TERCR B4 Al
B, ERAREAE EEAXT RS Ja Bh P35
DXAN[RME S S 2878, 3800 F AR R R K T
(AR B AN R Y, 3 BRI 4 6 AR 6 R 7
FEARIKRAE T AT REME:

WA 77T B. subtilis 24A1 5845% H TAA4AS
B, K rib B2\ F mRNA B S:IX RFN JTiEN I 3
A ERAR, HHAR A AR . H ribC R 4ifd
DX ) —A 5 548, gD =y o B e T
BT 99%. HbE 24A1 J&ZFIIER S5 F 25U bt
PEIEARRE, X BT RN G R AR A S SE R sl #e
£ R ) il S R (=X i B LS A 3511
H ) SN B BHIRT . AE LBS2 KRR MR B,
FRE LX34 K aE A= R e il 7
24A1, FER R K AE Y EE 1% X 1 24A1
HHRIEA MR, ATREA L TR SR AR 5L
AR, HFHAKAE T, XA & Rl DL
MR, LX34 PR IIET 24A1, —&R00 )
PR H LX34 Bim A yrat, WAHEBRIER TRUR
BB A AL AN AR BN AR TR AR B R . A KRk
LX34 PR MILHINE T, 7 EE—2rmt
FEUFRH .
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