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Abstract: Purine nucleoside phosphorylase (PNPase, encoded by pupG) is the key enzyme in the synthesis of ribavirin. The effects of
pupG overexpression and ‘integrative. expression was investigated, on ribavirin production in Bacillus amyloliquefaciens TA208. The
overexpression and integrative expression procedures-resulted in the successful construction of B. amyloliquefaciens TA2081 and TA2082
strains. Real-time _polymerase ‘chain reaction results showed that the transcriptional levels of pupG of TA2081 and TA2082 increased
significantly, but the increment of TA2081 was more obvious. PNPase activity of TA2081 and TA2082 was approximately 2- and 1.30-fold
compared to that of the original strain TA208, respectively. Finally, in the 7.5 L fed-batch fermentations, the molar yields of ribavirin from
guanosine, by B. .amyloliquefaciens. TA2081 and TA2082 were 98.63% and 40.95%, respectively, whereas that of TA208 was 20.41%. In
summary, the improvement of pupG expression via either plasmid-borne or chromosomal integration approach increased ribavirin production.
The results’of this study would be useful for development of more efficient ribavirin producers via metabolic engineering.
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Fig.1 Ribavirin synthesis catalyzed by PNPase
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Table 1 Strains and plasmids used in this study

Strains and plasmids

Genotype Source

F, ¢80d/lacZa M15, A (lacZYA-argF)U169, deoR, recAl, endAl,

E. coli DH5a Lab stock
hsdR17(r, M, "),phoA, supE44, X', thi-1, gyrA96, relAl

B. subtilis 168 trpC2 Lab stock

B. subtilis WB600 trpC2, nprE, nprB, apr, epr, mpr, bpr, Em" Lab stock

B. amyloliquefaciens TA208 Ade’, 8AG', MSO', overproducing guanosine Lab stock

B. amyloliquefaciens TA2081 B.:amyloliquefaciens TA208 containing plasmid p\WB980-pupG This study
] ) B. amyloliquefaciens TA208 4 nprE: PP .

B. amylaliquefaciens TA2082 o This study

(PP fragment containing P43 promoter, sacB, pupG)

pWB980 Ori Bacillus, Km', Ble", P43 promoter, sacB signal peptide, 3.8 kb Lab stock

pWB980-pupG pWB980 containing pupG fragment This study

pKS1 Temperature-sensitive plasmid vector, 5.1 kb, Em’, Km" Lab stock

pKSN pKSL1 containing 4 nprE fragment This study

pKSNPP pKSN containing PP fragment This study

12 54

R 2 NARFAEH G4, 8 Primer Premier
5.0 Bt

13 EZH AP

B 75 fLIX, Eppendorf A#]; SZif €= PCR Y,
ABI AT OB Agilent 1200, 38 E 225G
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Table 2 Primers used in this study

Primers Sequences (5°-3") Description
P1-S GAGAGGATCCCAAGGACAGAATTGAACGC pupG (Xho 1)
P1-A TGCACTGCAGCATATTTATTCGTACTGAGCG pupG (Pst I)
P2-S AGATAAGCTTAGAATGCGAGATTGCTGGTT nprE upstream homologous arm (Hind 111)
P2A TGAGTCGACATTACGATGTAGGGCCCTTAGAAA prE upstream homologous arm (Apa 1)
CGGCTTCAGGTGAT
P3-S CCCTACATCGTAATGTCGACTTCTTCTGAAAGCGGCAAAT nprE downstream homolagous arm (Kpn 1)
P3-A CGATGGTACCTAAAAGTTGATGACGGAGTGAGG nprE downstream hemologous arm (Sal 1)
P4-S ACGTGGGCCCAAAGGTGGAGATTTTTTGAGTGA PP fragment (Apa 1)
P4-A TCGAGTCGACTTCGTTCTTTTTTTACCTCTCG PP fragment (Sal I)
DL-S TATGAAGGCTACTCAATGGAGAAAG pupG (RT-gPCR)
DL-A GGGTTTGTTCCCATAAAGTTGATA pupG' (RT-gPCR)
14 BEs W 5E 2 W

(1) FhrREgEEE (glL): H&kE 20, SUHKR
% 20, FEBRERY 10, K3 30, NaCl 2.5, MgSO,7H,0

17 KH2P0417 l:l)—k*jﬁzs, pH?.Oo
(2) K73k (g/L): Hi%EHE 80, BEERF) 18,

SRR 42, FK 23, (NH,)SO, 15, MgS0#7H,0

8, K,HPO, 2.5, k% 15, MnSO, 0.006, FeS0Q;0.012,
Ji/K CaCl, 2.5, D-Hi%&IHEIREN 2, pH 7.06

15 BE AN AR %

PR Ry 2 MO T A B ST 1 e A2 S A Y
il LA 772 MSCIR® . A AT - 4%
AR R A OB LA AR SEART PR WB600 14T
DNA [{Etfi, GRideds BIATER AT, R 4iflhvh
JE AT AEER SRR A R A HeAt oy TN
PEE SRS dg THE A S 1.

16 ScHfE E/PCR 247

W FRTER 2 HOAT T (B. amyloliquefaciens) TA208.
TA2081 A1 TA2082 =K% T 5 mL #EE 177 0L
W, M RNA SRS IR EUE RNA, FIH]
RO RF &3S cDNA, FFLAZ NSk, Ll B.
amyloliquefaciens [ 16S rDNA A2t HE1TSEH & &
PCR, i 27T it SIS S R ek o

1.7 PNPase J& M 46 |
FHBR IS & EABUEE 2Tl PNPase 414

FHBER I & BRI MO BE37 349 37 *C. 200
r/min R FR, AE 4.°C L5500 r/min 2.0 10 min
JESCERE A, FHIRRRER R (pH 7.6) Vel mwAm
R o /1] P T SRR o A | A A TR, o

AR BRI RHERA R B R EERH BCA &R
e a7 A .

BEEIE . JONAAZR N 200 L, 5 1 mmol/L UL
T 25 mmol/L HBERRERZZ TR (pH 7.6) FlidE
BV, SONERAE 37 “C R 3 min, TR AL
o A IR B R HPLC JE &0 T .

PNPase i & Mz 78 _FIRBHSG I 2 2444 T, 1 min
WAHEALILEZER 1 pmol MRS B 75 B i v S
N—AEEE AL (U)o MR B B R BT 5
PNPase LUERE A: 19 S8 EH DS BKIBRSG (Ulg) .

18 KB

PEHEE 7% 4 B. amyloliquefaciens TA208. TA2081
A1 TA2082 B tRERHIE AL JE Hehp T2 &y 30 mL
FIFhFREFREE A (500 mL #E3/), 36 ‘CHEFE 10 h J5 LA
10%FEFhEHANT 30 mL KRG FEE+ (500 mL $%
M, 34T, 36 CTHiFR, KRNI 60 h,
BRI 2 RE . 4512 h 20 g TCA, J&im 3
Ko

7.5 L RIFFER: 7 F AR RHITE AL B P T2
Y 100 mL fRpFiE IR (DL R, 3L 4.
36 ‘CH53% 10 h JolPhFiE 77 84% 10% 2N 7.5 L K I#
TR CRlEN 4 L), KRR 3 iminaEsK
el pH 7E 7.0 Ay, $5FRIREN 36 C. itk
TR LI 28 2900, DAV E kit & (5 g/L/h) #4
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CIENFEM, W 1 mUmin, AHEA 185 °C, 1
MRRKR 207 nm; S BOE R BARCEDE, BORIE
T, O BRI E ST, B EA N R
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N 1 mUmin, #8430 °C, #EKA 254 nm.
110 & F %
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DI =S H 9 Fr BeAnggq4, i Solution 1 %452 . 4444
A0 kB iR 7 =03 N B amyloliquefaciens
TA208 F, FR{FERIE pupG I LFERE B. amyloli-
quefaciens TA2081-

22 BAEFUHMME

PUIRBUTURL pKSL DAy 4 7 ) B ) 322 & 5 Joi i
pKSNPP. LA B. amyloliquefaciens TA208 ()3 K2 s
2, 5399 514 P2-SIP2-A Fil P3-S/P3-A 47 1145 [] nprE
EFURFEVER R ES PCR A M EE B
nprE, {5 FFRHIPEPN DIEE Hind 111 A1 Kpn 1 XU A
nprE ABTRE pKS1, —F VK IUE s Solution 13
2, A3 TR pKSN .« - LUSTRL pWB980-pupG SR,
1 PA-SIPA-A 53 8417 58 J5 5 5~ P43 M sacB {5 %5
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JIKI pupG B, findaizv Bl PP & FRIIPEN V)G
Sal | A1 Apa | XUV A BE PP AT RL pKSN, & VIR
[ i Solution |, 4 E U444 iUk pKSNPP.
HE B nprE BFEREEFHEE S TN A,
IS ) G B PP ORGSR IRA , RDRE
WA 585 31 P43 Al sacB {5 5 Ik pupG 7 A\ FE K14,
RASREEA TR B. amyloliquefaciens TA2082. 14
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i W H.:nn_v[u/ique}iu‘iens
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[ Kan || RepAts
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. 37°C

[ RepAts H Kan | PP -
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30C
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Fig.2 Marker-less gene integration strategy

2.3 1 pupG 2t K] #y 2% e 44

WEIA TF R LY PNPase X L F5 AR Bte s
BOCEEMIER, H mRNA & 8] g is 3 K]
puUpG LK o AHIEFENT =HRTR I pupG HesrK-F
HEAT T RT-gPCR 7341, 4552 %31, B. amyloliquefaciens
TA2081 (1) pupG /K2 K B TA208 1) 32 1%,
TA2082 ] pupG #4%7K-T2 TA208 1) 4 5. 70HT4s
R 3.

# 3 RT-qPCR 423l pupG EEHEXT FEK T
Table 3 Reverse transcriptase quantitative PCR analysis of

pupG gene expression levels during exponential phase

Strains pupG gene relative expression
B. amyloliquefaciens TA208 1.0040.11
B. amyloliquefaciens TA2081 32524834
B. amyloliquefaciens TA2082 3.8740.82

2.4 PNPase 7& M

PNPase & K EAE A R B A5 bR ) O PR I,
A S FF B AL AL - 1T R, A%AE- 1T R FE % 1
FE R 455 R TCA AERFIE SR, HEEE M)
ER BB R AR A . BREET (B3)
K RZE pupG ff THEHE B. amyloliquefaciens
TA2081 [ PNPase ¥ J7ik %] 20.92 Ulg, &Rk
TA208 1 2 fif. XIIRFEEFIH TR pWwB980, SEIH 1
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7E B. subtilis DB403 /= RERIA I H IR o-GE R,
BEEiAE] 770 UmLM™, 58] pWB980 Mt F5
RARIEEAR. SR, FCEYaR I A NRIE R %
KRR R AR R, B bric vk
UM BRI 2 AR — e . I, A
FiJE AR PR BUTRL pKS1 #4156 P43 3371 sacB
55 IR pupG 2 (K #4431 B. amyloliquefaciens TA208
RIZH E, 39507 pupG Bk, #2851 PNPase [
W% /1. TFEE B. amyloliquefaciens TA2082 [t PNPase
TH 718 1343 Ulg, UMK FHK TA208 (1) 1.30 £,
PHRIA R A Rt — DAL, SKIKAS 5 =) PNPase
FikE.

25 FIEFHAEE

N T R B R LB A [F] Rk T 20 (i
P RIS B FIH AT TR WFIE AR R 15
W, AWFAAT T RIE TR 7.5 L K
SIHEANELR B, 3 AL T =R AR K SO, FERE
R, FIEFHRREU LSRR E. &4 90E
FMRFRI R 60 h J5 (M REESEL . mZERmTR, HK
B. amyloliquefaciens TA208 FJ 2 F5 k= A Ay 1.32

olL, Z5GHSFABEE TR LR R & TA208 H &
pupG FiL/K AR, 5% PNPase Wi IAK, SHFEIF|
FARIEE R R 10.54%. S AR, Fikiik
(1 T2 TA2081 FIELFMk=&4em T 7 %, #iiA
B LTEARER, SR AR R ERIA
BT 99%. TAEE TA2082 Al AR B L K
MRAEE T 58.30%, SiFA KA HIAR, HiERH
16.30%, ViHAEEA THEE PNPase 1% A E LUK R iA
V) A A

20

16 -

PNPase activity / (U/g)
)

TA208
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Fig.3 Comparison of PNPase activities of three strains
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Table 4 Comparison of parameters of three strains.in shake flask fermentation

Strains DCWI/(g/L)  Glucose consumption/(g/L)  C(ribavirin)/(g/L)  C(guanosine)/(g/L)
B. amyloliquefaciens TA208 9.7840.10 176.0040.17 1.3240.39 9.6540.20
B. amyloliquefaciens TA2081  11.0340.14 137.6740.17 9.20#0.17 0.08+0.25
B. amyloliquefaciens TA2082  11.2940.09 178.0040.10 2.09140.35 9.1940.28

75 L KIS HORIRER R (H 4, TIRE
B. amyloliquefaciens TA2081 A4 i % 1, TA208 2%
18, AT ReAE BB R I B A A e, B
A K2 B o IMTEREIACRE S, HR R TA208 [ ifii
ARG, FTRER M PNPase 3E LM, ARE5E 4 A
FHRTPRY) TCA, TCAL I R AR B0 R R AR K3 il —
SETE R VER o RBARE T IRE HH TS SR R
HiZRE R R TR TA208 42 & A7 1, R 40 h
Je SR R EN9.07 g/L, BT H &1 PNPase 75 111,
SRR AR EE R AR R 2041%. LREH
TA2081 1Tk pupG KN T PNPase 1514,
REASFE SH TP ORI 45k, Hidm
1% 98.63%, FEF#AE N 11.52 gL,

Fili B 2 FEAF R AR I SR AR 1) [ BT A 2 1) L
S REEAR, FANFEATIARERIE, X
e Ak B SRR AR T W RS —. &R B.
amyloliquefaciens TA208 (] nprE 2 (JafidH 8
B 1E pupG HEEAr sk, IR bR nprE ki

B ABEXT PNPase [FIR#fi#. AWFFHGE, nprE ZEHH
R AN 2R TAT I A KA B 4 AL
T/ B. amyloliquefaciens TA2082 sk BT H4E K
5 R TA208 F:A—3%, K% 40 h 5, TA2082
AR HTRER . AP TRasE, 1 TA208 MIfR+E
TEEAEFRAK, BAGRE TR A E. KT
I TFEP TA2082 FERHERIS = T H R, KBS
A R AR FEE AN ZE A K. T T RE 1 TA2082
FEFLRIZH _F36 N T — pupG 4% D1, PNPase (IR
Perm, KIS RN S RSN 6.02 giL, SHEF|
B AR BE IR A 40.95%; 1T 52 ML, TA208
FERBEEERINAT 0.04 g/l BHR R, SEHEARNE
20.41%. F2B§ TA2082 FIE 354k 20 3.60 g/L, Lt
HRH TA208 it 80%. FH R, TA208 7E K
40 h JERIE ARG ETFUE T, HED R R AT A2 i
F PNPase 7 /1 FF%, FEA SRR 2
LoMERZRE-L-TER, TAZRE-1-BE RV E A niE T

67



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.12

HARIEK
14
12
g 10
2 g
5 6
[m]
4
2
0 1 1 1 1
0 12 24 36 48
Time / h
180 —a ]

)
(=]
T

Glucose consumption / (g/L)
o
=
T

0 1
0 12 24 36 48
Time / h
12+ —— ]
—— 2
10+ —A—3
= L
) 8
£ 6f
=
z
S 4r
&
2_
0 1 1 1
0 12 24 36 48
Time / h
10 —— ]
—— 2
(= —h— 3
=
N
P
2 4
Z
& 2f
D_
1 1 1 1
0 12 24 36 48
Time / h

& 4 IZIZEBIRR BT RIZE A NN EFEK. #E FIE
FHEEMEHREERIFN
Fig. 4 Effects of different ways of PNPase expression on cell
growth, glucose consumption, ribavirin production and
guanosine accumulation
7E: 1. B. amyloliquefaciens TA208; 2: B. amyloliquefaciens
TA2081; 3: B. amyloliquefaciens TA2082.
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