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Figure 1. The uridine biosynthesis pathway of B. subtilis.
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SICBRT A ol B W 45 K AL ) ) SRR AR kg
SDT15| AB. subtilis, VAVRFMNHGRZ L —Hs"-1 4
FREFHIGREG , PTRESA R TFIRIT A& .

WG LA JRFF I E A B. subtilis TD131 4 Hy
K, X HprsHipyrdA/pyrABFER #4717 18/,
I RIB T R ERE R AT TR T — kS - AT IR
58T PRPPA U A2 R IR 5 1 i ot 28725 11
BN, VARG FRIR S - R AT TR B PR AT A= & )
SO s IR RS B E AR R R AT T
53T

1 ARAe 7

1.1 #¥
1.1.1 BEBRSERL. 61 A S50 A (i FH %) s kA

1.1.2 EEEEFRE. (1) LB /L) K
10, NaCl 10, FEREMEEYIS, pH 7.5, HTB. subtilis
M — e R, WA FREEINALS gl BiiEA, e
FHMABEZ 15 pg/mL, KEFE6 ug/mL. (2)%
AEEFER(g/L): FAIMES.0, (NH,),S0,42.0, 74
fR#N1.0, MgSO,-7H,0 0.2, K,HPO, 4.0,
KH,PO, 6.0, MR/Kf#I%Z0.4, L-LZ[20.05, pH
7.2, THEEPAMINIRBEESO pg/mL, (3)FP TR 7%k
(g/L): #i%jH520.0, TAIZKMER20 mL, BELRER
10.0, NaCl2.5, MgSO,7H,0 1.0, KH,PO, 1.0,
HRIRNS.0, TR/ AR/ 55w & fR0.03,
pH 6.7-7.0, (4) Ky FEHE(g/L): HIABER0, &
MK ARI30 mL, BERERY15, EKHK20 mL,
(NH,),SO, 15, MgS0,7H,0 8.0, KH,PO, 2.5,
BRIRENS, AR/ I AR/ 75w R0.03,
VB;51,0.1 mg, pH6.7-7.0,

1. KT A B EARFN AL
Table 1. The strains and plasmids uesd in the study

Strains and plasmids

Genotype Source

B. subtilis TD131 trpC2, AaraR::P,,,-neo, Ahom, Acdd, ApyrR, Apdp-nupC stored in this lab
B. subtilis TD231-1m  trpC2, AaraR::P,, -neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxyIR::P ;p-prs-DN -cat-araRstored in this lab
B. subtilis TD231-1 trpC2, AaraR::P,,,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxyIR::P 4r-prs stored in this lab
B. subtilis TD232-1 trpC2, AaraR::P,,.-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxylR::P 4z-prs" this study
B. subtilis TD232-2 trpC2, AaraR::P,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxylR::P 4p-prs™ this study
B. subtilis TD232-3 trpC2, AaraR::P,,.,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxyIR::P 4z-prs" this study
B. subtilis TD232-4 trpC2, AaraR::P,,.,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxyIR::P yz-prs"" this study
B. subtilis TD234m Zﬁ;ﬁ BA:fzcr:tR::Pam-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxyIR::P 4i-prs™, this study
B. subtilis TD234-8 trpC2, AaraR::P ,,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxylR::P -prs™, pyrAB™  this study
B. subtilis TD234-9 trpC2, AaraR::P ,,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxylR::P -prs™, pyrAB™  this study

B. subtilis TD234-10

B. subtilis TD246
AsacB::P . -sdtl

B. subtilis LXZm
S. cerevisiae G5

pC194 Cm'

trpC2, AaraR::P,,,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxyIR::P, E-prs"[e, WrAB™,

trpC2, AaraR::P,,-neo, AsacB::Pcd‘rribA—DN*—cat—araR
W303-1A, Atpkl, Atpk2, Atpk3, Ayakl, Apdel

trpC2, AaraR::P,,-neo, Ahom, Acdd, ApyrR, Apdp-nupC, AxylR::P -prs"™, pyrAB™  this study

i3

This study

stored in this lab
stored in this lab

stored in this lab

C,.": chloromycetin resistance; DN': the fragment used for homologous recombination.
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U. TR G, SEEebnic & CRAFN N &R [n] i &
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W AR 29 AL U, HAT R X BB, sub-
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AW prsFEH . B FTUPDCRG H B AL A2 AR
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JERFU . SR 2= PobE S DR Ui [R) V5 DA R i
DNAR Bt SRIEHALZART, madRJiEdA, 78
Ye AR pyr BN T B pyrd BRI 5, 16 A A
RPUMERE, IR BRI pyrd B K i 7 51 5
I S SR R PO TR, AR PR W I e B

T Gl —BpyrdBREF M4t F5IM, 7EH
FIABUE IS IAERAS ;. FREM A Be 50U, D'PF
FERUMD' B, AL PR E S bk, 382t [R5
HA, MBSt @& R A
BEFRHCP AR e, SRR SRR R AT
1.5 sdtIZER M RE

YEHEB. subtilis Y EARM sacBAL 3T Rk
sdtl1FH . BHFEMS. cerevisiae L O 31 sdr ] 3
R itis 7 9IS Fr BE,  MB. subtilis LXZmB ARG (4,
(NI 7 T St /0= A O = ) e g Y 2
XBUP i B, DA REA T RIEEG. s
WWECRMN AR IR E 4 7 BtDIWDCRG H Bt ; &
Jriid E&EPCRITEE, PHEMUP,,,-SDCRGH
Bt. HUP,,,-SDCRGH Bt b Z IR IR Z A5 40
L, SRAAHFE R TChR e S RE M T, SRR y0-
sdt1FENTEsacBL A W E A K
1.6 REFSLKK REE=YHT
1.6.1 FHEEE: PEUHIE L0 A s #2 A
30 mLAhFE5 3R 50, 200 r/min, 37 °CIRI%G ;3%
10 ho #10% M &30 mLE B 7R 5L,
37°C. 200 r/minfki% 5472 h,
1.6.2 AEYEMWE: 12 hUZERRO0.5 mL,
13000 r/min®5.001 min{JTIEAMMI, VERIGEE . i
B, WE BRI ODgoofH -
1.6.3 R, MUEFIIRMEBERIMIE . WO B
OJE LVEWR, MRB1065)5, J10.22 pmflFL g
iFuE, KM Agilent 1200 HPLC:E B E R 1F . Y
S pRmERE , A% 5. g Hphenomenex
Gemini Su Cig 110A; JihHHN ZHE:7K=2:98; i
H1.0 mL/min; FE7E30 °C; PEAER10 uL; 2RAME
2K . 270 nm,

2 HERAAH

2.1 PRPPEVREER R BIRIEE B PR & AL
AR

2.1.1 PRPPE R RAERRIHE. W0
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R2. SR EHFTI

Table 2. Primers and synthetic sequences

Primers Primer sequence (5'— 3')

prs-Ul CAACAGAGCCAAGCAGAC

prs-U2 CTTGTAGACTGGATGATGTAAC

prs-D1 AACTGGCTGACCGACTAA

prs-D2 AGGATGCGATTCAATTATGC

prs-1 GTTACATCATCCAGTCTACAAG

prs-2 TTAGTCGGTCAGCCAGTT

prs-CX1 TCCGCCGATTACTTCTTG

prs-CX2 CCATGTCACTATTGCTTCAG

pyrAB-U1 GTGTGATGGTGCTTGGTT

pyrAB-U2 CGTAGTTCGGGATTTGAATAC

pyrAB-D1 GGAATAATCGGTCAGGATGG

pyrAB-D2 GGATGTCTCACTTTCGTTTG

pyrAB-M1 GTATTCAAATCCCGAACTACG

pyrAB-M2 CCATCCTGACCGATTATTCC

pyrAB-C1 CGCTACGCTCAAATCCTT

pyrAB-C2 GGCAGGTTAGTGACATTAGA

pyrAB-U2q TAAAGGATTTGAGCGTAGCGAGAGACTGAGGCGGATAA

pyrAB-Dlq TTCTAATGTCACTAACCTGCCTGGTGTTGCCTGCCTAA

pyrAB-CX1  AGAGGAACTGCTTCATTACA

pyrAB-CX2  GCTGGTTAGAACATACTGTC

sdt-Ul CTCCTCCAGCAAGATGATT

sdt-Cdd2 GTGTAAATTCCTCCCTTACCT

sdtlq AGGTAAGGGAGGAATTTACACATGACTGTTGAATATACTGC

sdt2 AATTGCCTTGTCTGGTTTG

sdt-D1q CAAACCAGACAAGGCAATTCAGAGGATTCTACGCAGAC

sdt-G2 GGAGTCAGTGAACAGGTAC

sdt-CX1 GACAAACATCACGCTCTTG

sdt-CX2 CGTAGAATCCTCTGAATTGC

Fragments Synthetic sequence (5'— 3')

P’ GTTACATCATCCAGTCTACAAGTGACCCCGTTAACGAGCATATTATGGAACTGCTGATTATGGTAGATGC
GTTAAAACGCGCTTCTGCAAAAACGATTAACATTGTTATTCCTTATTACGGTTATGCGCGTCAAGACAGA
AAAGCAAGATCCCGTGAGCCAATCACAGCTAAACTTTTCGCTAGCCTGCTTGAAACAGCCGGTGCGACTC
GTGTGATTGCACTTGACATACATGCGCCGCAAATTCAAGGATTCTTTGATATACCGATTGACCACTTAATG
GGTGTTCCGATTTTAGGAGAATATTTTGAAGGCAAAAATCTTGAAGATATCGTCATTGTTTCACCAGACCA
TGGCGGTGTGACACGTGCCCGCAAACTGGCTGACCGACTAA

M GTATTCAAATCCCGAACTACGGTTCCGTGCTTTTATTCGTAGCTGATAAGGACAAAGAAGAAGGGCTTGC

CATTGCTAAGCGGTTCCACGCGATCGGCTACAACATTTTAGCGACGGAAGGAGCGGCAGGCTACCTGAA
AGAAGCTTCCATTCCAGCGAAGGTCGTCGGAATAATCGGTCAGGATGG

Bold bases indicate site-directed mutagensis base.
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7, PRSIfJAsnl14SerfllLeul291le 58748, DI
B. amyloliquefaciens PRPP& B Asn120Ser#l
Leul35Ile fi A%, A HLR AT G0 . i H
DNAMANA: XS 5347, 7R B. subtilis PRPPA
5 B. amyloliquefaciens PRPP-& At A% [F) P54
}995.90%, [RILHEWTB. subtilis{yPRPPA A AEAH X
W AR R S AT RE R Asn P FiLeu'”, KR, it
TEB. subtilisBJPRPPE L, 5| AAsn120Ser
FlLeul35Tle M 58748 o BT X 1o g 0 J37 51) (1) 240 A% oy
A359G. C403A. G405A, EidHm—BL393 bpf
PR B, MR LR3I S R AR 5| A prs ) 7
5. MB. subtilis TD231-1%, F5[#Iprs-Ul/prs-
U2, P8 HUR B (1474 bp). MB. subtilis
TD231mH, HI51#prs-D1/prs-D24 1% i DCRG A
B(3800 bp). LR34 B4 UPDCRG A Bt
(5627 bp), FHH44LB. subtilis TD131, 403tk
124k, HE¥Pprs-CX1/prs-CX2 %} prsFt A
WLy, G5 R NFRI R EHWB. subtilis
TD232- 1/ prsHE KA A TiE B934 S8 28, i
RIVREATE, BRIUE RSN, #AH A 1A H5
FIRRSE AR, I B as LR AE

2.1.2 PRPPEBEE R R ZBE: LlprshtH

(A)
D3 TD231-1
3.57 TD232-1 TD232-2
] TD232-3 TD232-4
3.0
0 251 % i
on
2 ARE
g =
< |
48 72

t/h

PRI MRTD131, DA A 7l pres 5 PR o 383K TR
PRTD231-153 5 % IR, 2051 %f 4k prs ik PR 58
7 TR MR TR AT R R T A R TP M. AR
N, MR Aprs IR R RIS, XTI Kk
WP M A SR A B s (B R o), R
RO PR 0 4 R SR U] 7 A 1t 2 B s el (1512) o
TEPRPP A Ul H 51 A s 28748, B EURT R
B FRE ., HhTD232-3FTD232-4 B bk 1 850R
g, HER AR EE72 hWRIFAR 2, 20
IK#2.47 g/LHI2.90 g/L, Sprs¥F/ERITD13 1 #k
M1.18 g/LAHLL, Z3 45 17 109%H1146%; 54
A prsist FER MR TD231-1191.48 g/LAH L, 43051
PR T67%M96% . L5 RULH], B. subtilis 1Y

R3. MFERREK

Table 3. The sequencing results and strains

Sequencing  Scheduled Additional  Additional mutant
strains mutant base  mutant base amino acid
B. subtilis
TD232-1 * - -
B. subtilis
TD232-2 + A446T Aspl149Val
B. subtilis
TD232-3 + Al155G Glu52Gly
B. subtilis
TD232-4 + T935C Val312Ala
(B)
0.6 Il D131 TD231-1
] TD232-1 TD232-2
TD232-3 TD232-4
0.5 1
5 1IN
S 0.4
< & §
S0 @ P 7
2
S 0.2
0.1- % %
. =
24 48 72

t/h

[E2. TD131. TD231-1f1TD232-1. 2. 3. 4EKAEER T BIRE (A) K FRIELE(B) 5 #7 A LLER
Figure 2. The analysis and comparison of uridine (A) and uracil (B) of fermentation liquor of strain TD131, TD231-1

and TD232-1, 2, 3, 4.
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PRPP& i fili (1) Asn120Ser FfllLeul351le 5 28 AR HENS
TEHEPRPPIA AL, PRPPHEZS Ak 302 E T IR
HA . PRPPE LR IN I GluS2Glyak Val312Ala
AR E TR B 2RO, [H X LB
MRAEAA T IR B

PRUEWE J& PR AT A UL FR R, e s g
R BEIR AL (pdp) . BERS IR FE R I IR M5 WE (14 £E
AL, [RIEHHEIR =R, S Rk B L FIPRPP A
B, JLTIHER TIRMERERI AR . Hd Rk R
ASPRPPG Mt X U8/ PRI IE A RIS
—3, IRWERERSRIS, LR RMEREA: i 5 PRPPY
KER, AR
2.2 EHBBERR G BUBE R AT MR R B R
B IR
2.2.1 FEPBRER S RS R ERME: T
E. coli% W BLHEIR & BRI 9T o, HLys™ &
SRR Y UMP AN 45 G (1) = LR Ak AL, T H
Ser948Phe fIThr977Alal pi 5848, W HA BT 5
IR, XEB. amyloliquefaciens @ W W2
& R AESE R, Thr941Phe. Thr970Alafil
Lys9861le i 2845, #REAHUR Bl . i H
DNAMANFA: X 38T 7R, B. subtilis % H Ik
WEIR & 5 B. amyloliquefaciens i [ J51H A
92.81%, HEILHERIB. subtilis T LR R A WA
it o7 A S8 SRR SR B i The™' | The'™ | Lys™,
R, WITTEB. subtilisi 2 W BB R & i P 5
AThr941Phe. Thr970AlaFfLys9861le 2878, H
9 1 ¥ 51 % 0 A A2 AL A2821T . C2822T .
A2823C. A2908G. A2957T, & m—EB187
bpIM T B, TPRHX SIS A5 5| AB. subtilis 2
PR B4 R 5 G o

MB. subtilis TD232-3", 4355 | ¥pyrAB-
Ul/pyrAB-U2q. pyrAB-Dlq/pyrAB-D2, ¥ #HiU
(718 bp)FID (837 bp) i Bt MpCl194t, M5
pyrAB-C1/pyrAB-C24" 1 i C H- Bt (948 bp). Fiix
3 A BEPFE R UCD F B2 (2503 bp), #ALB. subtilis

2L
MRA,

actamicro@im.ac.cn

TD232-3/R3Z 40, 1523 Rk
FHIEA B R ILFAMINSO pg/mL bR g I [ FEA b5 75
BRI, 33X 3R TR AP A2 R W E B [ Y, w45 M B.
subtilis TD234m , {E 4 J5 (A6 Hipyrd BRE K 19 32
o MTD232-3mtk ., 455 ¥pyrAB-
Ul/pyrAB-U2. pyrAB-D1/pyrAB-D2, # 34U’
(1149 bp)FID’ (974 bp) H Bk, #U'. MAID'34 K
BIPHERU'MD’ (2269 bp) H B, $#4kB. subtilis
TD234mEAZ S 40M, A8 A 37 3 b5 2
INEEAL T, S HIpyrAB-CX1/ pyrAB-CX2%H ¢
T pyrABRER SEF TR, 25 R nk4, B
Wi B. subtilis TD234-9FpyrABXE DIV AT A T 1 5,
RAS, MIHARMREARE, RIS SRS, #B
WA ISR RAE, I8 LR

222 EFBBERASEBERTEKNERE: L
R TR B. subtilis TD232-3J9 % BB, 43 BRI 3 0k A
FH Tl T2 5 S0 I v, 5 720 o 201 1 0 A 0 L TR 5
B, REEZER NN, R BRERAS BETHEIA
MRAE WS T IR (E3-A), X
BB S A — e (K3-B), XF4ifiad K
TR DR e I 1) FR 2R s YA Y S 5 ) (RS R SR o
LA AT RN 5 28 A8 (W B RR TD234-9 & 272 hit) IR
HHEREN6.97 g/L, S kK247 gL, 42
BT 182%; M B 0.53 g/L, SHAHE
0.35 /LA, 427 T51%. S5RFEM, B. subtilis
B P BERE AR & RS 1Y Thr941Phe . Thr970Alafll
Lys986lle M 58747, REAEHE ITUMPA & 42 iR

4. MFERKEK

Table 4. The sequencing results and strains

Sequencing  Scheduled Additional ~ Additional mutant
strains mutant base  mutant base amino acid
B. subtilis
TD234-8 + A3184G Asnl062Asp
B. subtilis
TD234-9 * - -
B. subtilis
TD234-10 + A2554G Met852Val
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Figure 3. The analysis and comparison of uridine (A) and cytidine (B) of fermentation liquor of strains TD232-3 and

TD234-8, 9, 10.
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Figure 4. The analysis and comparison of uridine (A),
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strain TD234-9 and TD246.
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Effect of key-gene modification on uridine biosynthesis in
Bacillus subtilis
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Abstract: [Objective] We studied several crucial factors influencing the uridine biosynthesis in Bacillus subtilis, including
mutations of phosphoribosylpyrophosphate synthetase (PRPP synthetase) (prs) and carbamyl phosphate synthetase
(pyrAA/pyrAB), and overexpression of heterologous 5'-nucleotidase (sd¢/). [Methods] According to the inferred allosteric
sites, we introduced point mutation into coding sequences of prs and pyrdAB. The mutated prs gene was integratedly
expressed in the xylR locus of the chromosome and the pyr4B gene was modified in-situ. The sdt/ gene was overexpressed
in the saB locus of the chromosome. The effect of the genetic modification on uridine biosynthesis was characterized by the
analysis of uridine, cytidine and uracil in the fermentation broth. [Results] The mutations of Asn120Ser, Leul35Ile,
Glu52Gly or Val312Ala on PRPP synthase resulted in an increase of uridine production by 67% and 96%, respectively. The
mutations of Ser948Phe, Thr977Ala and Lys993Ile on carbamyl phosphate synthase resulted in a 182% increase of uridine
yield to 6.97 g/L. The overexpression of heterologous 5'-nucleotidase resulted in a 17% increase of uridine yield to 8.16 g/L.
[Conclusion] The activity and regulation mechanism of PRPP synthase and carbamyl phosphate synthase was an important
factor to limit the excessive synthesis of uridine. Asn120Ser and Leul35Ile mutations of PRPP synthase and Ser948Phe,
Thr977Ala and Lys9931le mutations of carbamyl phosphate synthase will facilitate the biosynthesis of uridine. The
additional Glu52Gly and Val312Ala mutations of PRPP synthase were beneficial for uridine biosynthesis. The reaction from

UMP to uridine also limited the biosynthesis of uridine in B. subtilis.

Keywords: PRPP synthetase, carbamyl phosphate synthetase, 5'-nucleotidase, uridine biosynthesis, Bacillus subtilis
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