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Riboflavin production by a genetically modified Bacillus subtilis
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Abstract: [Objective] We modified genes responsible for xylose metabolism and riboflavin
biosynthesis in Bacillus subtilis. [Methods] Genes responsible for riboflavin biosynthesis were
overexpressed or co-overexpressed with genes of xylose metabolism in Bacillus subtilis.
Recombinant strains were evaluated by measuring the riboflavin yield and biomass. Fermentation
was done in shake flask and fermenter to produce riboflavin with sucrose as sole carbon source or a
mixture of sucrose/xylose. Meanwhile, riboflavin yield, xylose consumption and biomass were
analyzed. [Results] Overexpression of ribA gene increased riboflavin yield by 99% and reduced
maximum biomass by 30% because of autolysis. With rib4 and ribH genes co-overexpression,
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riboflavin yield increased by 280% without biomass decrease and autolysis. Through a 70 h
fermentation with 6.5% xylose and 1.5% sucrose as carbon source in a 5 L fermenter, riboflavin
of 3.6 g/L was obtained, 80% higher than that with 8% sucrose as carbon source. Riboflavin

batch
yield
yield

decreased significantly by overexpressing the genes involved in xylose metabolism. [Conclusion]
Co-overexpression of ribA and ribH genes avoided the cytotoxicity effectively and further increased

riboflavin production.

Keywords: Bacillus subtilis, Riboflavin, ribH gene, Gene expression, Xylose, Co-metabolism
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Table 1 Strains
Strains Genetic markers and instructions Source
B. subtilis LXZ-1 trpC2, AaraR::P.-neo, rib+(gsiB), AguaC, ApurA, ApurR, pur+(cryllIA), ribC Laboratory
B. subtilis TD-234m trpC2, AaraR::P,.-neo, Ahom::P.4-pyrH-DN-cat-araR, AxyIR::P 45-prs-DN-cat-araR Laboratory
B. subtilis LXZ-2 B. subtilis LXZ1, AsacB::P44-ribA This work
B. subtilis LXZ-3 B. subtilis LXZ1, AsacB::P q4-ribA-ribH This work
B. subtilis LXZ-31 B. subtilis LXZ1, AsacB::P q-ribE-ribA This work
B. subtilis LXZ-32 B. subtilis LXZ1, AsacB::P .44-ribH This work
B. subtilis LXZ-4 B. subtilis LXZ3, AyolA::P.qq-araE This work
B. subtilis LXZ-5 B. subtilis LXZ3, xyl'(P4z) This work
B. subtilis LXZ-6 B. subtilis LXZ3, Ahom::P 4g-rpe This work
B. subtilis LXZ-3/pMX45 B. subtilis LXZ1, AsacB::P .4-ribA-ribH This work
pMX45 rib Laboratory

%2 PCR3IY
Table 2 PCR primers

Primers Primer sequences (5'—3") Location
Aul CTCCTCCAGCAAGATGATT PpbpE
Au2 CAAGAGCGTGATGTTTGTCGTGGTAGCCGTGATAGTT sacB
Apl/Ap2 GACAAACATCACGCTCTTG/GTGTAAATTCCTCCCTTACCT pyrH
ribAl AGGTAAGGGAGGAATTTACACATGTTTCATCCGATAGAAGAAG ribA
ribA2 CAAGCCACATCAATGTCATT ribH
Adl AATGACATTGATGTGGCTTGCTTGATCCTAACGATGTAACC sacB
Ad2 GAAGAATCCGCTTGTGTAA yveB
Acl TTACACAAGCGGATTCTTCTCTTCAACTAAAGCACCCAT cat
Ac2 TTATTCATTCAGTTTTCGTG araR
Agl CACGAAAACTGAATGAATAACAGCCACATTTACATCTGAC sacB
Ag2 CGTAATGCCGTCAATCG sacB
AH2 AGGTTACATCGTTAGGATCAAGAATGTCCAGTCTGCTATTAAC ribT
EA1 AGGTAAGGGAGGAATTTACACATGTTTACAGGAATTATCGAAGA ribE
UPA2 ATTCCTCCTTTTGTCCTTATTGATTAGAAATGAAGTAAATGACCTAG ribA
ribD1 CAATAAGGACAAAAGGAGGAAT ribD
ribD2 AGGTTACATCGTTAGGATCAAGTCGCCAAGATGAACATCC ribA
Aupal TGTTCGTCTGTCTCTAATCTT yraL
araEl AGGTAAGGGAGGAATTTACACATGAAGAATACTCCAACTCAAT arak
araE2 CCGTAGAAAGGGCTGTTT arak
Adergl AAACAGCCCTTTCTACGGGGACCTTGGCGATTTCAT csn
Adcrg2 TTGTTCTCCTTGGCGATAG csn
Rupal TACGGCATTCACATCAGG yutH
Rupa2 GAATAGATGGAGCAACCTTTATCATTCTTTACCCTCTCCTTT pyrH
rpel/rpe2 ATAAAGGTTGCTCCATCTATTC/TGTGTTCATCCGTATAGCC rpelyloS
Rdcrgl CGGCTATACGGATGAACACAACTGTACGCAGCACATATC hom
Rderg2 ACTTCTTGAACGACTTCCA hom
Xul/Xu2 GCGGTAACGATGTTGAATC/GCTCAATCTCATTCCAGTTC xyl4
Xpl GAACTGGAATGAGATTGAGCCATTCTTTACCCTCTCCTTT prs
Xp2 ATGGAGTGGATGAAGTGGA prs
Xdcrgl TCCACTTCATCCACTCCATTGTCCTCCATTGTGATTGAT xyIR
Xdcrg2 CTATTCCTGTGCTGATACTTAC xyIR
RT-ribA 1/RT-ribA2 TTGGCTCTCATCGCTGTG/TCATTGGCTTCTACGGTGTC ribA
RT-araE1/RT-araE2 TCCTGTAACAAGAAGCCATT/CCACAACTCCTCCAATCATA araE
RT-rpel/RT-rpe2 AAGGTTGCTCCATCTATTCT/GGACCGCTTCTACAATCA rpe
RT-xylA1/RT-xylA2 GCTCAATCTCATTCCAGTTC/TCCGCCGATTACTTCTTG xylA
RT-ccpA1/RT-ccpA2 ACGAGCAGTGGCGGAAT/GATAGCGACTGACGGTGT ccpA
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PCR DNAEngine
PCR Roche

Light Cycler 480
Thermo Scientific Q

Exactive Focus Orbitrap Thermo
Scientific Bio Quest
BIOTECH-2002
1.3 EFE

LB (g/L) 15.0 10.0
NaCl 15.0 pH 7.5 1.5%
A 15 mg/L 6 mg/L

(g/L) 10.0
20.0 MgSO47H,00.5 pH7.2
(g/L) (

) 80.0 30.0 MgSO47H,0 0.5

2.0 pH7.2

1.4 EREMESHIRERZ

[14]

ribA sacB

TD-234m PCR ribA
(A 1384 bp) cdd
(Peaa 232 bp)**! sacB

(U 1 078 bp) (G 581 bp)
(CR 2 069 bp) (D
958 bp) PCR (50 pL) 37.5 uL
10xBuffer 5 uL.  dNTPs (2.5 mmol/L) 4 uL
1 uL (10 umol/L) 1 pL  TransTaq HiFi
DNA polymerase (5 U/uL) 0.5 pL PCR
94 °C 5 min 94 °C 30 s 30s 72 °C
1 min/kb 30 72 °C 10 min
PCR [16] UP..,ADCRG (6 302 bp)
UP.,sADCRG LXZ-1
Spizizen [17]
PCR
SmL LB 37 °C 220 r/min
45 h

PCR DNA P.as1ibA
sacB LXZ-2

sacB P.si-ribH
LXZ-32

P yu-ribE-ribA P qa-ribA-ribD

LXZ-3 LXZ-31 csn

LXZ-4

Pcdd—ribA—rin

P.gs-araE
hom rpe
LXZ-6 LXZ-3

xyl TD-234 m

18
P [18]

xyl LXZ-5
1.5 qRT-PCR %7
Light Cycler 480 PCR
PCR (qRT-PCR)
mRNA

CcpA ccpA
gRT-PCR
gRT-PCR
100-300 bp LB
16 22 28h

cDNA qRT-PCR

Ct 2—AAC1

mRNA (191 3

1.6 RERAEHIRY BUE RN 75 %

LB 10 mL
(-40 —50kPa 0.45 pm
) 2 mL 2.6% NaCl 30 s
-20 °C 1.5 mL (
=40:40:20 )
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Figure 2 The effect of ribA and ribH genes overexpression on riboflavin production (A) and biomass (B)
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Figure 3 The effect of genes co-overexpression on riboflavin production (A) and biomass (B)
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Figure 7 The riboflavin fermentation profile in fermenter
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