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Abstract: To develop a purine nucleoside phosphorylase which can hydrolysis nucleoside. Adding
purine nucleoside phosphorylase to the mash liquid, it could increase the free purine content in wort,
which were utilized by yeast during the fermentation stage. As result, the utilization of purine could
improve ,purine content decreased in beer. The gene deoD encoding PNPase was cloned into the
expression vector pET-28a (+) and the expression vector was transformed into E.coli BL21 (DE3)
using chemical transformation. The activity of recombinant PNPase was analyzed and it was applied
to the mashing process. The results showed that the enzyme activity of obtained recombinant PNPase
was 184.46 U/mL. When it was added to the mash liquid,the free purine content in wort was
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increased. Thus,yeast could use more free purine,purine content decreased significantly in beer,

laing the foundation for the further reduction of purine content in beer.
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1.1 MRE5EE
111 XA 544 LB/Kan KRG 3. &AM
10 g/L, BEERHREUY S o/L,NaCl 10 g/L, F A 50
pg/mL RAPEE

PCR 514 . LA T AY TREARA RSN,
TaqR DNA K& WA YIRS Hind WA BamH 1 |
T4 DNA %40 PTG 34 A BG4 TAY THRA
PR3 ) 5 W4 A2 17 B 2 AL 86 (200 U/mg) - W H O
B ERBHE A R A KFEZ 2F Matcalfe : R ZZ 2
(VLR A FR 2 7] B B2 04 5 Bk (Adenine , A) | 5 IEE IS
W% (Guanine,G) . Y EE S Tl Ak (Hypoxanthine
H) | 8 5% % 5 (Xanthine, X) : 4 1 Sigma 2> 7 5 1K
IS A% 4 (L Inosine, Ino) : W | 145 A 57
NN
1.1.2 M Z%E  EBC-LF BIARMER ZER AL . db i fE
Z M R A RS 7 YQ-PJ-6B Al 4 [ slif 4L
A 52 TN T VG 22 B BT O L A D 5 Agilent 1260 1=
BOBAR LAY . 55 H LB 28 ] ;SCIENTZ JY 92—
L1 R 7P 2 200 L 4S5 Bt JR AR 06 g vl Uk A | T
UKAY : %6 [E Bio—Rad 2 F] ;JD-801 & i BUZ X : VLI
BEEAPHL R A RAHE
1.1.3 ®E 45 A& KB FF @ JM109 Fl BL21
(DE3), %k pET-28a(+) Fl pMDI18-T . ¥4 4 E ¥ fir
1.2 EWHX
1.2.1 314t 4= PCR ¥ 3% HR4E PNPase J& X (1)
WA B )7 A BT —XF 51 ), 4 S AE iR 514 37 v
M U590 555 A Hind A BamH 1 B Y147
A,

519 5'-CGCGGATCCATGGCTACCC-3'

T #5115 -CCCAAGCTTCTCTTTATCGCC
CAG-3'

FHLL ESIYP 1 9 5 PNPase FUEEIA |, J i 4%
PEUNF .95 CHIAEYE 5 min, 94 CAEYE 1 min, 55 C
Bk 30 5,72 CHEAf 45 s, 35 30 PMER , 45 H )5 72
CHEAH 5 min FIRANE DNA K,

1.2.2 Lk #Hhfek ik B ke Mz FIH T4 DNA
B RN PCR & 14 197 ) 5 84K pMD18-T #F17i%
e k= A 2R Z S A0 E.coli JM109 H, Bk
WOV b AR K OE 8 B T5 Bk S i, Dhas 34 i
L SRy 0 BEC R VIR D 5 Ak SR X0 28 i 2 A AN IR
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W F 1k AR pET-28a (+) F1 8 20 pMD18-T %k
K5 W H Hind AT BamH 1 3847 XU )5 %48 | B
AR 7 W e AL B AZ AR ML E.coli BL21 (DE3)
Hh PRICER 4 TR, DA A8 A SR R 4 BR AT RLTK
X 40 25 At AT AU R N ) R HE AT il U0 4
{1 BH Pk 72
123 B8 EGRMGFEFRE S AH pET-28a
(+) HHFHBL2I W%, T&A RIFEZR (50
pe/mL) [ LB AR K: 32 3 b 37 CIRG 1 FRad 1, LA
WEAE R Pl 3 1% Hemh e B % B2 5] LB ik iR 55
FEH 37 CHi 9 2 ODgye=0.6, 1B it A S 7 3k -
B-Hi G FLM 30 CHRLLIAE T £k 4 h,

U 5 5 0 TR VR AT 0, FH T4 1) ik i i
B KUUTE I F 200 W, TAE 5 s [k S s difr
R P TR 2o J A L T 4 °CTF 12 000 v/min
B0 20 min, [RS8 A R
124 EaRmEo&nE  WEEHREES
R H Bradford %, LLA- I 18R ¥ T0A80RR o
T, AR v 2
1.2.5 &G/ SDS-PAGE B R 12 g/dL, 4
e 5 g/ dL, Ko 58 1 256 1) L TR B 1 A L Tk 2 e
W, TFRRETHL R R 60 V, REFE S AR B — 2% B2k A
Sy B JE JE R 80V, SR RS MR - AR IR i A%
HEE AT A 45 bk K, H UK A R 4 [ E
B 0.5 h, HDH e g 1 h, e B 2 e
K (1:1:8) B Bt (B Bt 4.2 5 h BAT
1.2.6 &3k A8 &3 (HPLC) 4o m) -2 o i 45 4
ZAF A0 3% H Waters T3(4.6 mmx250 mm,5 wm) ; i
A : KH,PO,~HsPO, pH 4.0; 28 HMGE I #% I K . 254
nm; K : 1 mL/min; #9725 C; M5 .20 pl,
1.2.7 BgEpan AR R 2 mL B (2 mmol/
L AL#, 50 mmol/I. KH,PO,~K,HPO,,pH 7.5)F 60 C
KBTI S min, A 10 L BRI, 25 9 J5 37 B
A S min K, I HPLC I 52 J52 0 9 Hh v i e il
OB DIIEIE RN

PNPase WJEEG PR E LR 78 RN G &
38R AE T umol YR B REERS BT T 1) 6
1.2.8  AFSmaT & 220 R v i S IR B ) 2 i
ANER Ty 22 BR AR L 48 0.22 wm JE B E
DERHEAT 5 RICHROR £ T A T

AR it v A 56 T S T Ak B 5 v A T B

10 mL 2291, A 0.5 mL 19 70% = &z L IR 50, 37K
W1 h JE R E T KIS AT, F NaOH 3 OE £
PE, P EIEACE K DUEY , BIE R E R 2 50
ml, P FH# BRI 15 pH 4 4.0,0.22 pm JEBELIE
129 EZigiaesewms BELIFEeT, 5050 b
AR TB R 8 I T M 4 A T Tl R AL B 0.032 U/mL
FFETE B4 12 000 r/min 250> 20 min Ji BT
FEL B, 15 00 b 5 o B A W e A T £ il o) 22
T RS W) T = SR WL 1

76 C,
80 10 min
75 b 68 C, —=
70 10 min /
[ 63 C, —
5:7 65 . 50 min -/
60
ui
55 +
45 °C,
30 ¢ 30 min
45 =-
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FsF ] /min
1 BRI ZisE
Fig. 1 Profile of mashing

| 2 =55 i

2.1 PNPase H®IE E B 1500
IR 1.2.1 7, DLRIBHFF DNA Rt |
FF L5 FREEGL, BIIY T PNPase H Y
FED L, B 2 BRI KNG 720 bp BYRESF SR .
W 18 Th B 454 22 SanPrep HE 2 DNA K A1 i it
Fl & i, il T4 DNA #3235 pMD18-T sl zk
kit M E.coli IM109 &3 25 4N M i1 754
fee 5, e BEALPKIOT MR b OE # A K R T
AR BUE W R VORI Ak R, X 5 i A
AR DR HE A JBORE 6 R R AT 0 43 A 0 45
FUIEH
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2000
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M:DNA marker; 1.2 PCR #7374 ;3. FAPEXT HE ;4. FHE X #]
2 PCR ¥ 18 deoD
Fig. 2 PCR amplification of deoD
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M Hind 1T .BamH T XUE§YI ow f 24K pMD18-T
1Yy PNPase FE X FI 35 804K pET-28a(+), iE %,
331 FOR 556 2 E.coli BL21(DE3) ", M B+
A EEPREUTURL, DL S B R X BT LUK, A
i i A N o A A e S A B S RN R

Hind Il . BamH 1 3 U) %6 7 F BEAR /N Al 4
YIJE R B oy 8 3 B KNl B Y 25 D92 75 0E B %
o B3 WoREEYIAE RS B RN 3,

bp M 1 2

15 000
10 000 -\
7000
5000
2500

<«— pET28a(+)

1000 <«— deoD

250

M :DNA marker;1.2:ET-28a(+)~deoD/Hind Il +BamH |
E 3 pET-28a(+)-deoD WY 45 &
Fig. 3 Plasmid pET-28a (+)-deoD digested by double
enzymes

23 KBHEDEHRNPRIESH

Bl 4 Sy 28 75 Ik B s 1Y) 40 f 2 A W SDS -
PAGE 23 #r &, L E.coli BL21(pET-28(+)) J X} & |
FHLFAE 28 000 2247 B3I T 38 500, AR
SEW A FRIK ) PNPase, [A]i 43 M 45 R o | B
VS B ) A K B 1 0 R A R B 0 5 =
YRS /S B i S S R AN (S I s DY A o
WHE A, BN ANE S AT PNPase 24
hi 59%,,

M1 2 44567 8

98 000
66 200
45000

31000
<«— 28000
22 000

14 400

M 8 FSORDG 2 St b s 55 1 25 Ukl i 3 4 h J5
DUVE ;55 2 50K 15T 4 h J5 AR B Vs T 58 3~6 45kl
HiFET 4321 h 5 B EH B 7 ZRUK0E AR T TR R
FIBE ;55 8 AR IE 28 BUkiiF & 4 h A A,
B4 ZEHEF deoD FiLH SDS-PAGE 43 #7
Fig. 4 SDS-PAGE result of expression product of deoD

2.4 EH PNPase WESE o #T

XJ 5 PNPase RIEM KR, IG5 IRE 5%
G117 7o NI 7 ) S 1 1 B 7 O )
A RS IR 30 °C A S RIMRE 0.05 mmol/L,
X B A R T 017 5 Rk DL R R S R S AR
4 h,

Fie 1.2.7 BETE PR E I ik, x4 iRk e 3k
A4 B Tl VAR A T IS D . EZH A5 4 h 5 PNPase
1% 7170 184.46 U/mL, Xf FE P [ 1% 77 11.39 U/mL,
2 TR AE T I P TG ) S e TN BR
25 HBUBZTHhHEBSERHEERSERENNE

K 1.2.6 BRI 7 32 %04k T2 B okl i 22
T IR R W VA B O A B AT G L A5 R IR 1

B2 1 A AH ELZS 22 T TR0 i 22
T T B IS g B AL 30.03 mg/L TR & 44.98
mg/L, ¥4 11 49.78% ; ¥ I 17 i KEL g 1) A2 3 v die
W& i 5 J5 & A 30.03 mg/L JH 5 2 40.10 mg/L,
BN 33.53% , ORI, IF B AL PR S 0 22 1 i R
W B o VR PG . X DB i PNPase (1995
I, AT ARGy iR 22 T R BRI R R 4R i 2 0
r iR g A R O R

1 KEZHEHIHEELRERBRENNE

Table 1 Determination of free purine bases in wort of

barley malts (mg/L)

) AT +RT GG | T A

U 5 IR I 19.39 20.68 20.23
UiF B 2 I 6.27 13.22 13.71
i 128 U W 0.74 6.89 1.32
Ui B9 R e 3.60 4.19 4.15
e 8 S 30.03 44.98 40.10

26 EERPHBENHERSRENIE

SR FH1.2.6 ORI 5 3 ok TR VAR v 5 T ik
BE 0T iR B AT I A L S5 R R 2

2R 2 AT, 25 1 R TR R T i S IR I vk
79.83 mg/L, 525 HZZ R 30.03 mg/L
XFEG, PRERE AT IR 20.2 mg/L iE B B ;AR 2K
BL, S 0 T T ) A TR R T U S TS A O 8.02
mg/L, 5 IR &b A 22 T b R IS S 44.98
mg/L A LY, BEREMCR ] 36.96 mg/LL Ui 25 5% 2 ; U
T ARG P 2 T v i 1 IS B O 8.12 mgl/LL,
U A R B 0y 22 0 bl 2 EE RS S 40.10 mg/L

AR5 1t £ 510 2017 £ 36 B 12 19 [ETA




RESEARCH ARTICLE

LI Yumiao,et al: Expression of Purine Nucleoside Phosphorylase

and lts Application in Beer

M EC, RS 0T A 31.98 me/L e BBl XU B 48
FH BB 3 WL A 4 70 A 1) 22 U R A7 WS 8%, T B
A LA WA P B 22 00 9 1 R R | 4 R T IR G 2
L/ IpiR DA EE
x2 ABRPHEERHERERENNE
Table 2 Determination of free purine bases in fermen—
tation broth (mg/L)

| R | R
il t:w’
o (0.032 U/mlL)

(0.032 U/mL)

U B AR e 5.08 3.07 2.99
= 1.29 1.30 1.02
U 25 TR B I 0.17 0.28 0.18
Ui B B S 3.29 3.37 3.93
Ui B B 9.83 8.02 8.12

27 EEBRTPRERRERENNE

K FH1.2.6 1 00 53k ok R TR VAR P MR A o
WL AT E 25 R L3R 3,

H1 3% 3 W, AH B2 I TREVR, VS IR o g 1)
P BER R B WS WA 77.45 mg/L [ E 50.65 mg/L, &
1% 34.60% ; S I 19 T REL I 1) 22 TR A v A T i L
M 77.45 mg/L B2 54.85 mg/L, FEAIK 29.18%, iX
Ui 3E i PNPase VR, WIS A2 1 FE 510 B B
P53 gk [ B A= i i) i 15 MR B e 55 22 0 b AR
FETE (0 7 125 L I RS | 7 K I3 OO Bl T W S
F, e 2 BT o S (N AT+ 10 S
WA ) BRI, 33X — 253 1T LA Sy 1 M 4y ML g 2

SZ Wk

PR
RI ABRPEERREBRENNE
Table 3 Determination of total purines in fermentation
broth (mg/L)
AEE VAT A | R R RL BRI

w (0.032 U/mL) (0.032 U/mL)
S R S 33.60 25.95 25.30
B s 36.95 17.90 18.85
SR T IS 3.35 2.45 2.35
ol T I 3.55 435 8.35
SRS 77.45 50.65 54.85

R

I 3 R TR A 4 R T BEAE K W FF B P 3k
PNPase 3£ | 76— 3kt (0 Ltk E 5@ 0 41 78
(A i P K LA 2B N U A R T2 (b
b T2 B B vl U 25 WA i B 5 o KR R RN, B
A 1) 7 21 A EL A AR A AN (B, [ B & A
WP i T 2ok R v B 2 1 Ui B R T LA hy R B
FRRRIFR AR R 2 11 I AT MY v ) M4 o o Yk
Shy I PEE 4 LG (3 A 7= R ik

AT 5T R, AT IR O R R 4 32 2F ) HLBE K
Bk e T80 W A AT AL, 3R 25 1 & v rh R e
W T M Bl 77.45 me/L, Ja 250K 25 A B AR
VL B e ikt BEE T8 kB T2, B AR 451K
MR W LG
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