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 E: KA PCR EARMAIE N 704 H (Bacillus subtilis) 168 K F 4 DNA P 3755 L 4 s vEvh 45 3 A4 85 1 EE (purine
nucleoside phosphorylase, PNP) #9 # A3 BH deoD (PNP;,) #2 pupG (PNPgq) . VAL A 7 463 3 5047 H (B. subtilis)
Q60 4 & HHk, 55 KA ML A 5 M sh 5kt Kk PNP 495 XM A 4 sk T @k, Bad SN RFAEY 1,2, 4-= Rk
3B R (TCA) 897 X A B RA B F k. BAEBEHIER T, At FiX PNPy, 7= PNPy¢ 694) & F 4k =55 A4
(8.33+0.57) g/L #=(11.00 +0.38) g/L. fiLshoibit £ ix PNP;, A= PNPg ¢ 895 B F 4 = B 551 4 (9.06 +0.17) g/L =
(12.67 +0.60) g/L. PNPg¢ #91EAZL 55 T PNPqg, MM ibit ok s M it ik &, P i s -ibit &% PNPgyq &
YL Q60/pBSApupG =&, Yo b R (2.02£0.72) gL & T 5.3 4.
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Effect of Overexpression of Purine Nucleoside Phosphorylase on
Ribavirin Production from Inosine Producing Strain

YANG Shuyao, LIULi, MA Yuechao, CHEN Ning, XIE Xixian
(National and Local United Engineering Lab of Metabolic Control Fermentation Technology , College of Biotechnology,
Tianjin University of Science & Technology , Tianjin 300457, China)

Abstract: Purine nucleoside phosphorylase (PNP) genes deoD (PNP,g,) and pupG (PNPg) were amplified from Bacillus
subtilis 168 genome through polymerase chain reaction. Inosine producing strain B. subtilis Q60 was used as the starting
strain. Four recombined strains were constructed by overexpression of intracellular and extracellular secretion of PNP. By
adding 1 H-1, 2, 4-triazole-3-carboxamide (TCA) into the culture medium, the recombined strains could be used for ribavirin
synthesis. The results showed that the production of ribavirin through intracellular overexpression of PNP;q, and PNPg 4 of
the recombined strains was (8.33 +0.57) g/L and (11.00 + 0.38) g/L, and that from the extracellular secretion overexpres-
sion of PNP;y, and PNPy,s of the recombined strains was (9.06 +0.17) g/L and (12.67 + 0.60) g/L. The catalytic efficiency
of PNPg¢ was higher than that of PNP-,, and extracellular secretion was better than intracellular overexpression. The titer of
ribavirin of Q60/pBSApupG , in which PNPg, was overexpressed extracellularly , was up to (12.67 +0.60) g/L, resulting in a
5.3 folds enhancement compared with the control strain.
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ARSI IR T A7 AR HASF 5 2211
Gy alifh. KL A BUR B ARERLR B T5 580N,
FAT TV ARAE P2 i 1. 3ty 2 GBI P A A B A
F AT BRI AT TR R SR R T R R R
ZAEFH, HREHRENT 1o/ e &Y
DL 77 A GRS R 2R A AT B TM903 i, 78
5L RIEHERRE 60 h BLERFIEL Tk 5.86 g/L. i
S DVR) FAS BE 2E J0ATF B TMO03 1A% R 8 AT 1
TL1105 47 & WEMETR TR 2 I , R FH AR T4 A =0 Rn
Oy B BE R B A R B 60 h, B AR B A
5.96 g/L.

PNP &R AT AR A iR A2 1 Bl =~ —
LM T B RE ST A0 R A1 R R A
I IR BB IE . FEARSI VLB , #5073 A —Fh IEERS
Bl B LAY, AT LA R A RS A% 1 sl L2 A
Yy, BLE) 12 T AL P 2 Uk S 2.
Bzowska ZUH4E PNP YL —PERIHIG 4 B
F/NBIATEHE PNP 43 AR o3+ Bt Rl I3 = SR Ak
ST AR 201 R ) PR S AR 2. Fhsb it o4
[ A P A ER A PNP, QA BE 25 A AT 4.

SN K WA ORI B 5 R 2 R R R AR
FAT AN PNP. FHEIS b IR AZ T R0 ms e A% AT 4R o] 1
FIE AR A BRI, (2575 18 A P2 A PNP 1Y
AR, R AT A aE. DFIT R, WUTT /2 PNP
FO 5 RS 1. A S ALY A 77 T R R 2E AT B
B. subtilis Q60 b it A& TR, i 1f [ TR AR
PNP 3Rk 5, LA T AP PNP ifALRLE.

1 RS

1.1 W
111 A RkEfiik

WLFF A= 7 B A R 2R AT B (B. subtilis) Q60 | A
LEAUFF IR (B. subtilis) 168 . KIAFF 1 (E. coli) DHS ol
J5ki pBEA43 ORI R —Ali F ZEFUAF I 2R R Bk, A
P43 J8hF) . pBSA43 CRIAHFF B i B ZEF AT B 2P AR
kL, A P43 R T A sacB JEHfE S K) .
pWB980 (HfiH ZE AT R kL, & P43 R zh+
sacB {55 i) Y AR 5206 2 K.

TEAERNAIG IR (g/L) - WahE 1, AR 10, 4
NE 10, BEEEE 5, NaCl 2.5, Bl 20, pH 7.0 ~ 7.2.

P3R5k (g/L) - #i%gbE 20, SRR 10, Webk
BE 15, £ 12, NaCl 2.5, JRE 2, pH 7.0~ 7.2.

RIS (g/L) - AN 140 CRAUKH) , £k
%16, BEEERY 15, (NH,) SO, 22, MgSO47H,0 5,
KH,PO, 5, CaCOs5 20, pH 7.0 ~ 7.2.

112 XA BALE

BRI N YIBE Kpn 1 . Sal 1 #1 Xho 1,
Fermentas 2\ ) ; Solution 1 | Tug DNA A& . 1 kbp
DNA Ladder, K5 A8 TREATBR N W] 5 0 e b
e DNA ISR | B/ MR U &, Rt
FRHAE YA BRA ] s TCA, 46 99%, 114 BH A= 4
B AT BR w5 Atz A ™ oA sl

PCR ¥, Bio-Rad A¥]; SBA-40C %I HfL sk
A, INRAEYFLAIEFET. DNA 380 50 #r Fe ek A
DNAMAN 2.0 #AF, 51971511 % A Primer Premier 5
B, B UK IR 438K F Image master Total Lab v1.00
A
1.2 XWHE
1.2.1 it &k PNP FAeg s

¥ B. subtilis 168 # deoD FIFEHFS1] (Gene
ID: 940038) Fl pupG HEEHF41] (Gene ID: 938731)
BIE1Yr, WA 1. PCR MR ZR : B5E 94 CHiAEM:
3 min, X5 95 ‘CAEME 305,58 ‘CiB-k 30s,72 CHE
il 60 s, #E4T 30 FeAHIRY 1Y, )5 —MEFRE UG
72 CHRZLIENP 10 min. FURAGEFRE : (D519
deoD;,-S F1 deoD-A ¥4 deoD FHe[H B, Kpn 1 Fl
Sal 1 Y] 5 EH 212K pBE43, #H deoD MY
FIRFTRL pBEdeoD. (2) ffi 514 pupGin-S Fl pupG-
A P88 pupG HBL, Kpn 1 Fl Sal 1 WUV %423
Ak pBE43, ##pupG LN F Bk pBEpupG. (3)
PLBURL pWB980 Jy#sii , 514 sacB-S Fl sacB-A 471
sacB 15 5 iK% (144 bp) ; 514 deoD-S Fl1 deoD-A
P i deoD FEH, Mif S PCR ¥ sacB 5k
deoD 4%, Kpn 1 1 Sal 1 XY J5 % $ 3] 34K
pBE43, My & il kTR pBSAdeoD. (4) pupG-S
1 pupG-A ¥ 14 pupG F B, Xho 1 I Sal 1 X YIS
HAEREAR pBSA43, Y E SR IR TR pBSApupG.
A YA R IAAT E DHS o, $REUSHYERS 1L T
JEORE A TG DI B UE , F36 AR R 28 w1 .

122 it&X PNP EABw#E

¥ 4 A RS AR S AU A2 T
B. subtilis Q601" , 37 CHEF, Wk HPRBUE AL T+, $2HL
JEORE , DEAT XUV B IE , 1E W 09 4 B i 44 ik ik
PNP i #k Q60/pBEdeoD F1 Q60/pBEpupG; 43ilhizt
ik PNP Fitk Q60/pBSAdeoD H1 Q60/pBSApupG.
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Tab.1 Primers in this study

EILZEA 51YF5) 53"

deoD;,-S ATCGGGTACCGTTTCATCATGACATTCGTTG (Kpn 1)

sacB-S CGAAGGTACCAGGAGGGCTGGAAGAAG (Kpn 1)

sacB-A CACCTATATGTACACTGGCAAAAGCTTGAGTTG

deoD-S CAAGCTTTTGCCAGTGTACATATAGGTGCTG

deoD-A TATAGTCGACCCAGCACGCCTCTTGAT (Sal 1)

pupGi,-S CCAGGGTACCGGAGAATTTTATGAAGGACAGAATTGAACG (Kpn 1)
pupG-S AGGCCTCGAGCAAGGACAGAATTGAACGC (Xho 1)
pupG-A TGTAGTCGACCATATTTATTCGTACTGAGCG (Sal 1)

123 FTHARABEFHEF A

¥ 4 AT PR R 543 25 ik pBE43 (%) Bl
FERRIEST 500 mL 8 & 52K

TG ARG % « ORI PR 5 0 A X 2 3P T 1% AL AR
A, 32 C3EF 12~ 14 h, B EE 1 IX.

PR 5%« OB i AR BRI R PR A
Fh R R B, 500 mL =AM RN 30mL,
10 pg/mL REAEREPLIE, 32 °C 200 v/min R 3R
8~10h & Agy =8 ~ 10.

KRR SR 10%3 R0 aE, 36 'C . 200 r/min R HE
7% 96 h. MWK 12 h FFIA%RERR 12 h #5hn 0.2 g TCA,
LTI 3 k.
124 ¥k

REERRPAE 120 WERHK 600 nm TG
JE. R SBA—40C A Py A SR ASI 7 & Ik B
B OB R AR B0, BRI, A KRR 100
), B 25 pL W B UERE B HEEEL. SR A R A
TN R R TR P R LB AR LT 5 2 i
4 Kromasil C18 # (250 mm x 416 mm, 5 um). FJE=
T 5 KRR 2K R 100 £, Jislit
J V(ZHE) VoK) =4 : 96 BZIEKIER, i
1.0 mL/min, #:3 18.5 C, &M K 207 nm. JLHM
SESME REERH 1 mol/L NaOH AW EE 10 1%, Wb
KIS min J5 RO IR, FIEOAH s oK R
100 %5, WshAh V() : vOK) =10 : 90 I ZIE
KA, Wi 1.0mL/min, FE iR 25 °C, &% K
248 nm.

2 HERE5HMH

21 BARMNNEAEKHHERETE
Mo F ATk pBEdeoD . pBEpupG Fl/3ihist

FIRTRE pBSAdeoD . pBSApupG YL IE45 5 4

Kl 1 s, ® 1(a) H, pBEdeoD i Kpn 1 1 Sal T %L

V) S 7E 800 bp A7 i BE H 1 257 . pBEpupG
Kpn 1 F1 Sal | WEFYVIE7E 830 bp A7 I H 5%
i, SIS B 1), pBSAdeoD H Kpn 1
Sal 1 XUEFVIE7E 870 bp A-A7 B H (0 4544, 754
sacB 5 5 K J¥ 9 1 deoD T & J5 1 H B X
/. pBSApupG 1 Xho 1 Fl Sal 1 XIS TE 830 bp
A B AT, SHUHARSE. AR, 45
K5 GenBank B IR 741 —2L.

6000 bp

1000 bp
750 bp

M. 1 kbp DNA Marker; 1. pBEdeoD (Kpn | #1 Sal 1) ;2. pBEpupG
(Kpn 1 #1 Sal 1)
(a) FLHBTHL pBEdeoD Fl pBEpupG MEFYIFE 1

6000 bp b1
-

i

——

1000 bp —
750 bp -

M. 1 kbp DNA Marker; 1. pBSAdeoD (Kpn 1 #1 Sal 1) ;2. pBSApupG
(Xho 1 F1 Sal 1)

(b) ki pBSAdeoD F pBSApupG WY K i
1 pBEdeoD.pBEpupG.pBSAdeoD #1 pBSApupG HI3EIE

Fig.1 Identification of the recombined plasmids pBE-
deoD , pBEpupG, pBSAdeoD and pBSApupG

22 EHARLAEBERFIEHEMK
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5 LA R 2k S0t BUR] =B AR RE R, f 4
PREAFEMA R 5A pBE43 23 JFoki b IR U 145

15 20

WA TSI, 5 ORI R TR A A R OB RE | LA
A ELE AR, AR A2 2 frs.

16

B (g L)
WLAF R A i (g-L7)

B AT R (g-L7)

40 60 80

20 100 0 20 40 60 80 100 0 20 40 60 80 100
i 7] /h H5F 18] /h H5f 18] /h
-a—Q60/pBE43 —e- QG60/pBEdeoD —o—Q60/pBSAdeoD  —a-Q60/pBEpupG ~ -a—Q60/pBSApupG

() FIEFARA A

(b) JUUH A At £

() WA Btk Zk

E2 FIEBFEHRERAEIEMRLZL

Fig. 2 Fermentation parameters of ribavirin

S5 IR 4 BRELLIE B R AAR T A/ T X0 R
W, Ao Wit R A A T Q60/pBSAdeoD FiI
Q60/pBSApupG /B i, T HLIX WA TRT A X 250 HA 4
f2,20h J5 BRaE ACEARHL M N SRR AL
Q60/pBEdeoD H1 Q60/pBEpupG 5%t MR AHALL , 7E
40 h A5 A HE AR, H s DR AT 82 Wi Y ) R Gk
TR R A 1 BT AR R EE A AL XS R A
10 h FFERFR BT, iR b, Kl 80 h J5 T
2%, XTRRBEAEUNIN TCA JEIFIAAA A A B 35 4k
R (HRF B TE 2 o/L, RBEE LT A K I
Tt 4 BREEZERR AU 7 5 RE G AH L DU B S

W, W TCA J&, FIE S5 ARG il B B 4,
PNPg;s A H Q60/pBEpupG Hl Q60/pBSApupG Iy
WK E B K. PNPy, B4 W Q60/pBEdeoD i
Q60/pBSAdeoD MIF|ELF ARG MR IR HHTH —
AR ARG 20% 4. A6, MR PNP R
A3t FRIA | ARG B LU A ek .

4 PRELH WA F AR R ER 4~ 6
s WU R A X RRBE Y 15% ~ 30%, Ui Blad 3%
ik PNP A LA A B AR & B, ST A A)
B MR WU LR A TCA R I 2.

R2 BEAERNZERFERRUELRR
Tab.2 Comparison of the yields of total nucleoside and inosine utilization of the recombined strains
1|25 Pl A/
kS «-,—ﬂg q;)FZE ¢ prp/ (mol-L™) MﬁIJ?E ¢ mi/ (mol-L™") WA /% TCA R /%
rra/ (gL (gL
Q60/pBEdeoD 8.33+0.57 0.034 3.04+0.40 0.011 75.2 19.1
Q60/pBSAdeoD 9.06+0.17 0.037 6.71+£0.21 0.025 59.7 20.8
Q60/pBEpupG 11.00+0.38 0.045 3.33+0.57 0.012 78.4 253
Q60/pBSApupG 12.67+0.60 0.052 4.02+0.10 0.015 77.7 29.2
Q60/pBE43 2.02+0.72 0.008 19.60+0.62 0.073 10.1 4.5
e WAL = ¢ e/ (€ mmun + ¢ ma) -
% 2 AT AE H EAHE Q60/pBEpupG A+
M= EE . Q60/pBEdeoD B 32.5%; Q60/pBSApupG 3 it i

A F B =E AR 5 H Q60/pBSAdeoD 1 39.6%, 1 i
Fik PNPgjs HA FI TR EF AR AL ML
T FRIBHEAR Q60/pBSAdeoD 1=t Q60/ pBE-
deoD & 9.6%; Q60/pBSApupG Lt Q60/pBEpupG
15.5%, 4 BREELIHA TCA F| I3t 52 B ) R
P, GXTMBEAML, 5 E T 32 ~5.5 fiF, Ul
PNP 153 2R354 F T H AR5 AL

KWL A B AR EAZ A O HT RS, PNP
VEAEARTR). WEFERIT 3 FhIERS R rp L e i
JEEW, B AASBIR ST LINUHR AR 7 A A T, Rt 4
PRANFIZE TR PNP 1 I TR, @i SMIRES I TCA
A7 TR 5 MR A 5 R B R ARG , Bl
A K AT LT R R AR R0k, SE— 25
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B BRI EL 3 AR

REEG R BN, N A i 35 PNPgy6
FIEL MRS BRSCRAEY) TCA BRI R8T
PNPygo, iX 50 K AT 45 B—3. Xie ZPVRIY
PUUHFVE S SR S 405 , PNPgy F1 PNPgy¢ FUTEAE 5
71 % 28 K 18 70 3 4 (1.23£0.01) pmol/L  Fl
(0.310.01) pmol/L, PNPg,s HA H R 3E M ST, FrLL
FIEF A= R E . BN = RIRBFE BN 1 4
HAALIE VB T 755 3 S0RREE ; /S RIAREE
HAEER 1 A HA AR IS PE 752 6 ZiREE,
R FRIRE B Fe Rk Ok, TE R R BEARIE T, AHIE
R[] (142 Si At AFIE , — SRR BUELAG i AR 1 1) T 53
TR BRI AR DT AR RIAR, JeR w0

FIEL A5 ARG A G AR TP AN A JIEY TCA f7
TET RIER T, K PNP 43b 3 40 AT GBS 4 55 S
ROR, LI EE A 7R 43t 2638 T 2 A 1R EL 5 6K
JPHEEFT TCA RIS TN R IR E A, B
ST R AR IR A N R . RO SRR
TR, &8 1 0 F S-BEIRAZHE, R
Y B B, IR U N R R B
i, TR RN B S TCA TEMISM AL T
JE, /DT TCA 5 stk AN L 35 PR iyt iy
THFE, R RSN, B A SR 0Y AT BT 2 B 2R
KT ANR], S SO R R T RAEAE 22 575 T 4h,
LS RIS ) fE A PR AS [R] , e A AT Mt P g sz
#) 7 mt,

I 2 AU, i Ak DALY Ay JE 9 S5 0 it 4
A3 T 15 S A B AR T (100%) 1), PNPogy AL 1
AITE TN 46.2%; PNPgyg HEAL ST ROTETE S 87.7%:;
A L AL PNP 7EBEIRER S vl LA SR
A2 BE AR AR B VR 0 it 1 ) L 5 R 2 7 e 4k i F L
1. B b ST B 53 77 ) S E RS A LT 1) 43 it
IR B ERS TR AR, A R SO 1) R B B A B
[ AT (E SR H R R DA 1 s 1 1 A T R
B PNP 5 SR AR 58 A B AR A A A G AT . I
U, A JE WIS 5 ) o] LA B LS VR S AT R
Yy, WA R R TG , P PNP R BEE
A0 B =5 A B 5 .
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