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Table 1. Strains and plasmids

strains and plasmids genotype source
strains

B. subtilis XGL 8-AG", His ™, Xan ™, SG" (overproducing adenosine) lab stock
Escherichia coli DH5« F~, A(lacZYA-argF) U169, hsdR17 (rk-mk* ) , recAl, endAl, relAl  lab stock
plasmids

pMD-8T Vector T-vector, 2.7 kb, Amp", lacZ lab stock
pWB980 ori Bacillus, 3.8 kb, Km", P43 promoter 9]

pKS1 temperature-sensitive plasmid vector, 5. 1kb, Em", Km" lab stock [
pKF pKS1 derivative containing P43 promoter and purF this study

8-AG": 8-azaguanine resistance, His ™ : histidine deficiency, Xan~

Km": kanamycin resistance, Em": erythromycin resistance

: xanthine deficiency, SG": sulfaguanidine resistance, Amp": ampicillin resistance,

*2. 3
Table 2. Primers
primers primer sequence ( 5°—3") description
P43-S AACTGCAGGAGCTCAGCATTATTGA P43 amplification (Pst I)
P43-A TTTCGTTTGCGCATGAATCGCTATCACTTTATATTTTA P43 amplification
purF-S TAAAATATAAAGTGATAGCGATTCATGCGCAAACGAAA purF amplification
purF-A GGGGTACCAGAGAAAGGCAGCCGAACTG purF amplification (Kpn I)
P1 GGGCGACGCTTATGTGGT purF (RT-qPCR)
P2 GCTGCAAATGGAACGATTGA purF (RT-qPCR)
P3 AAGGTGTTGCGGAAGGCT purM (RT-qPCR)
P4 GCATCATCCAGAAGCAC purM (RT-qPCR)
P5 CATCCTTCGCATTTGAGC purN (RT-qPCR)
P6 GAAGAAGCGATGGGTGAA purN (RT-qPCR)
pP7 CAATCGCTTCGCTAT purH (RT-qPCR)
P8 ATCCGCTTCAAACGCTC purH (RT-qPCR)
P9 CCGACCGCAGAATACGAGA purD (RT-qPCR)
P10 GCTTGTGATCCTGGGCAAT purD (RT-qPCR)
1.1.3 358 O TR HE (g/L) A% 20,8  0.03, i £ % 5, KH,PO, 1, MgS0, * 7H,0 0.4,

BER 5, WEKE S, B I 8, R 25 5, # W ns 0. 03, L-4]
5% 0.03,MgS0, *7H,0 0.4, KH,PO, 1, £ X ¥ 25
mL, YK 10 mL, pH 7. 0. Q4 i J % 1 37 4%
(g/L) %% B 80, bR kS 10, # 104 0. 03, L-41 % %

(NH,) ,S0, 5, CaCO, 20 (T4 K 1) » T 1 /K fif i
15 mL, TR 15 mL, pH 6.7, K H 4 FF 14 115,
15 mino BEFRIEM BRI S pg/mL WA FHFH. @
KW R R R (g/L) <7 45 B 80, MRS 12, [ £}
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18, fl 4 BE MR 4h 1.5, B s 0.03, L4 & R
0.03, (NH,),S0, 12, MgS0, * 7H,0 5, K,HPO, 2,
MnSO0, 0. 06, FeSO, 0. 06, CaCl,2, K% 15 mL, pH
6. 70 oA 4 % o0 I K, KB AR 115°C,
15 min. TAEB R 7R RV S pg/mL [ 40 %5
1.1.4  EZX 7 FAL 28 : Solution 1 JE /i F1 RNA
PR &, KIERAEY T AR AT Tag DNA
H b a2 XS AR H AR AT B2 w5 BRI P ) i
11 kb DNA marker, Fermentas /A 7] ; UltraSYBR —
AL 6 € FE PCR B &, Jb it B 22 R Wy RH
A PR 2 w5 R /S e R T O ) s b I A AR
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A, AL HUR B KRB A IR A F 516 s 5
PRI > b 5T # K BE K. SN B PCR X, 26 [H
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R, FEZHER AT
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il B FRLRT VR (0 A U7 i e Ak U5 5 5 SOk
(1 15 20 32 2 e 27 T A TR 52 26 T 4% S TR, 32 22 1A
R A R 0] b 2 AR S e
HEAT -
1.3 K EE PCR &4
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5 mL #E EREEF7, Lh 1% 14 P& 4 AT 30 mL
[ LB 55 2% JE v 5 3% 22 6 2000 44 i RNA 2 50 )
EUC WP P B RNA, R R & 85 56 R ) 6 3k 48
cDNA, I Lz Jy Bk, LAl B 16S rRNA 2 L, i
i SEH AE B PCR, AR 2 724 3 F B M 96 6 IH 1)
FKIK o
1.4 PRPP %[t Bz g & P46

LI 90 1) 1) 4% < B 1 08 £ 4 AT I PRPP % ik
Jiz T T P 4 AT 2 L SCik D2
1.5 A IMP 2 EE

P9 IMP &5 B (0 2 % Maller 2577 115 77 %
LA IMP 55 (10 W0 5 ek s AR K A O )
F 1 mL, )K#F 5 min, 28 J5 10000 x g,4°C & .0 1
min, #£ WA 250 wl 25 F /K E R, A3 pl
50 mg/mL [¥) % B B 37 °C 4L B 20 min, Jj A 250 pL
R WA G =i FHE S min, RJG A Y

350 wL [ 40 jE H A9 10000 x g, 290015 min, BX_|
iH A HPLC J7 0l %€ IMP ()5 & .
1.6 RERFRINAE

PR IR 4 2 2% S0k 13 ], % J 3 948 ho
IR s IR 4 A 2 2 SCik [6 1, R e I A o, HUEG
H IR B 20 A% Jm TSR Ak ar WL 23 O Dl JEE T €
600 nm K& F{9 IR AR 00 T A4 AR A DL o i 4 B
WK H] SBAAOE A= ) A A 2 o 55 I0E &
PV 20 0 i 3 5 T 25 B 7 K R R 100 13, K5 49 2
£ R R VR 26 AR €2 98 3 0 5 R o 1
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Integration of recombinant plasmid at the native purF locus of B. subtilis chromosome via single crossover.
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Table 3. Comparison of gene expression by RT-qPCR during exponential phase

strains purF purM purN purH purD
B. subtilis XGL 1.0+0.1 1.0+0.1 1.0x0.1 1.0+0.1 1.0+0.1
B. subtilis XGLF 9.2+0.8 7.8+1.2 5.1x0.6 2.9+0.5 1.7+0.3
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Figure 2. Comparison of the enzyme activity of PRPP
amidotransferase and intracellular IMP concentrations in cell

extracts of B. subtilis.
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Table 4. Comparison of parameters of B. subtilis strains in flask

c(glucose) /¢ (adenosine) /

(g/L) (g/L)
23 %2 6.3+0.4
7.4+0.2

strains 0D,

B. subtilis XGL
B. subtilis XGLF

14.4+1.2
12.6 +0.8 32 +3
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Figure 3. Effects of modification of de novo purine pathway on cell growth, glucose consumption and adenosine accumulation. 1: B.

subtilis XGL; 2: B. subtilis XGLF.
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Modification in de novo purine pathway for adenosine
accumulation by Bacillus subtilis

Yue Liu, Juhua He, Xixian Xie, Qingyang Xu, Chenglin Zhang, Ning Chen
College of Biotechnology, Tianjin University of Science and Technology, National and Local United Engineering Lab of
Metabolic Control Fermentation Technology, Tianjin 300457

Abstract: [Objective] To study the effects of co-overexpression of purF, purM, purN, purH and purD genes on adenosine
production in Bacillus subtilis. [Methods] First, an extra purF gene under control of the P43 promoter was integrated into
the B. subtilis chromosome at the native purF locus by single crossover, resulting in simultaneous expression of purF,
purM s purN, purH and purD. Then the transcriptional levels of the five genes in the engineering strain were tested by
Realtime Quantitative PCR. The activity of PRPP amidotransferase was also detected. Finally, cell growth, glucose
consumption and adenosine production in engineering strain along with original strain were examined. [Results] The
transcriptional analysis showed that purF and its downstream genes purM, purN, purH and purD were simultaneously up—
regulated at different level. The PRPP amidotransferase activity of engineering strain was about 2. 4-fold that of original
strain. Shake flask fermentation showed the improvement in adenosine yield and conversion ratio from glucose to adenosine
(17.5% and 26. 1% , respectively) . Fed-batch fermentation by the engineering strain was conducted. Compared with the
original strain, adenosine accumulation of engineering strain increased within the same fermentation time. However, the
cell growth of engineering strain was retarded. [Conclusion] The co-overexpression of purF and its downstream genes
purM, purN, purH and purD could enhance the adenosine yield in the culture broth. This paper could facilitate future
research by providing theoretical evidence and method of metabolic engineering.

Keywords: Bacillus subtilis, adenosine, PRPP amidotransferase, promoter, purF, de novo purine pathway
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