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1.1 SEIGJE#}

KIAFFEI A A X e A YHE ARG RN,
KR4 ( pETDuet —1/pMAL/ pZE ) A SZ 96 2 A5 AF
S E ERRERAN [ T ERE e G

B P P9 DDl R T4 3% $ 1, R BRI R B
(" E) AR A DNA R4 AL PCR B2 WA
TR, FAEY TR (KIE) A RAF ; DNA Marker
FIEE 1 Marker , Jb U 0 78 A= M) 8 R A RS A5 9
Je ) DNA H, 3k 324 7] , Biomatik 2 &) ; 5 4 %&-B-D-
BRAR I i 2 FLBEEF (IPTG) , 4l K T 98% , b1
TEE M Bl & 11 SDS - PAGE H, Yk #H 42t 71,
Amresco A\ .

GEER T 95% MIFALTE 2, REITRE KR ™
YIS & AT BR A W) 5 218 KT 98% MR ILAS R .
ILHER RALE R Rk Bl MFEAALT R Ik
B2, B AR & SRR AR B A PR A w5 A AR Ak 2%
AL [ A st 2zl A
1.2 (UFE5E&E

V-5100B &4 T, BT A
FRA F] s LC-20AT AH @I (RP-HPLC) , H A
B AL 2 - 16KL ¥ 7R 20 ML, 78 [F Sigma 23 Al
WS600 + £ [ HL KA, T At 7 Az i B 1A R
01CT714 8 75 2 40 MURB AL, TR T 2 LR MR A FR
3] EPS — 100 %R WL vk AL, F i R e R A R
NI
1.3 XIWH*E
1.3.1 SRRLFZARR

SRR 12 ] TP 07 1 1 s A ek sl , 4 B &
JRAETE ZRE T R R R AL Sy, PR Sk i
AP RAETT REEM, TA RIS, W5 £
T2k FH R g B 52 26 M 3 I, W AR K AR T Jie T
PR . R B RV R e, I A IR
FE R A B O AR /b B R R BT A AR S
PFIR WL R XG0 45 °C e+, 4530 A4 AR ED
R IEAE T RAEA
1.3.2 BEgffik %

il fif 14 22 2 BB Devenish 25 (177 ¥ 3 RS VE ik
3, ¥ 200 mmol/ L BEFRZE WP | BV 5 18 1Y R AE
H R OO T = R IFEAEE R EA RS G TR IR
HRZ3% N — B i [a], H B AR R B AR

1 mL 45 5 R B g AR 25 v ) A R — SR A
JFAEHE R &,
1.3.3 RiLHZ P EEF_RASZTMNL

AR SRR AL AL TS 2 B AR5 SRR 2R AR
AR PR SRR 5 3 2 LR R R IILAR R,
P R ARA o R R AE T &R B1 B2, R LC-
20AT AR €8 3 A, W 2 45 R F . W B AH S 2
(A)F10. 5% BEFRKIAW(B) F 3R 1 s iy 5544
PEATAE BE TR A VRN ; 4354~ Diamonsil - C18 {4 4i%
HE (250 mm x 4. 6mm,5 pm)  AFHR BN 35 C, FiER
0.7 mL/min, FAER 20 L, {# FH 0 45 [ 50 0
i, R K 280 nm,

1 RP-HPLC ({86 YEME S5 14
Table 1 The RP-HPLC gradient elution conditions

‘ B %
[R}HE]/min
A B
0. 00 10 90
45.00 20 30
65. 00 60 40
75.00 60 40
80. 00 10 90

1.3.4 AREITRERAHME

LA T AR T A e R I R TR R R
el AR R SRS S AR AR TR S
Sambrook % YT ik , b AR K A FH 2 A9 5
Yringk 2 ik 3 fis,

2 PIRIGFTHERIE nanA JER BT 519
Table 2 Primers for amplifying the nanA gene from

Escherichia coli

519 P55 -3
GGGAAAGGATCCGGCAACG
pETDuet-1-nanA-F-( BamHI)
AATTTACGTGGCGTAATG
GGGAAAGGTACCTCACCCG
pETDuet-1-nanA-R-( Kpnl)
CGCTCTTGCATCAACT
GGGAAAGGATCCGCAACGA
pMAL-nanA-F-( BamHI)
ATTTACGTGGCGTAAT
GGGAAACTGCAGTCACCCG
pMAL-nanA-R-( Pstl)
CGCTCTTGCATCAACTGC

GGGAAAGGTACCATGCATCACC

pZE-nanA-F-( Kpnl) ACCATCACGCAACGAATTTA
CGTGGCGTAAT
GGGAAATCTAGATTACCCGC
pZE-nanA-R-( Xbal)
GCTCTTGCATCAACTGCT
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Table 3 Primers for amplifying the nanA gene from

Staphylococcus aureus

519 JF4 53"

GGGAAAGGATCCGAACAAA

pETDuet-T-nanA-F-(BamHI) =\ vy s A AAGGTTTATATGC

GGGAAAGGTACCCTATAAAT
pETDuet-1-nand-R-(Kpnl) 0 oo\ rGCAATGAGTTOATE
CCGAAAGGATCCAACAAAG
pMAL-nanA-F-( BamHI) ATTTAAAAGGTTTATATGC

GGGAAACTGCAGCTATATAT

pMAL-nanA-R-(Psil) CGTATTTTGCAATGAGTTGATC

GGGAAAGGTACCATGAACA

pZE-nand-F-(Kpnl) AAGATTTAAAAGGTTTAATATG

GGGAAATCTAGATTATAAAT

pZE-nand-R-(Xbal) CGTATTTTGCAATGAGTTGATC

HRCHIEC
C:R]:OH, R,=H; EC:Rle, RZ:OH

Extensions Units

OH

JHAE

H

K1

JEAET Rk =

Proanthocyanin monom

Fig. 1

48RRI BRI

1.3.5 B

JirA SE EE A 3 YR, FIIH Origin 2017 X 52 56548
PEHEAT 54T, B 25 F R HEBME = FrifE 22 g K
TR,

2 HERE T

2.1 MEMREHERERGZ

JEAE T RS ot EEH C4—C8 Fll C4—C6
PR D e 4 (I 1) e SR AR T R B
TR IFAE T AT R = B  3R A W BA a)  2
ST PRI L TR A R P R SRR S R
TETT R LRSI LA B, AT mT RE 24 i 12k 31 i
TETT Z R S A [ PR 24 25 51 23 (1IEC) X
3R 7S K 2B ) — 28, 7 Enzyme Database —

46T R "R R

OH

OH
—1 [ ) )
OH Terminal Units
OH
OH
RIRKFALH R Rk

ers, dimers and high polymers
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BRENDA #4ls E48 2%, K ILBE RS W 2 C—C BEAY TG
RZ ik ETA R a 2l ORI T 5% A
Y1 A SO 2 . 2 9l ) 2 R GRS I R AR
it — OB A I A BE ] T N-C B 45
12 %4 f# i§ ( N-acetylneuraminate lyase, NAL), NAL
RERE 1 419 N- Bt 28 IR % e hy T3 A A1 431
AP [ N-C B 2 R S AT R
SERZEL, A AR B REA (& 1) FESJUIR S
PR — IR E SR NAL 24 N-Z B 4 &R
AR L B A P AR AT BT, X 5 v SR BB 7 R R Aot
PR A Z A C—C W A I Bl T
PR SRR , AR T DR T R 48 (7
A BRI N- £ T i 28 B8 R 224 ik Wi A o ik — 2D 5%
JFAETT 2 AR 0 H AR
2.2 N-ZBHZERRMEBEBHEARE

W R R T 4 B 607 2 K O AR I AT T Y NAL
FEH 43 A5 44K SananA Fl EcnanA , B A0 FE K 4
Fea ] LA [ [ 57 A W) BAR A5 B b0 (National
Center for Biotechnology Information, NCBI) H A & 3K
5,2 F %5 5 43 7 8 NC_007795 ( SananA) F1 NC_
000913 ( EcnanA) o ¥ SCHR 38 33 W3 i 12 K
W EERIA, IR A A eV i R 3855 NAL,
12 Ry 20 Bk AR A B F2 , pETDuet — 1 pMAL

NALJ:HA

RFUMLAL 3o
720@@@1 5.2

I 1490
FRETHEH A PpETDuet-1/pMAL/pZEFU ki
lPCR?}L b
SananA/gcnarL FEH R e Rl
lﬁﬁ@]

N

P S

|| «—<

K2 Bk e

Fig.2 Plasmid construction procedure

I pZE 7353 %5 17 4% DR | rh 5 DL BORL AN S5 ) 3
TIRORE, FH 4B B0 2 BR TR B R b AT TR Y B TR 4H
PCR ¥ 14153 SananA Fl EcnanA FeH K B, 1 J5 8
PIFP R B VG 2 3R 3 RO TR Bk, 75 5]
6 Fift B 4 SOk 8 2 DG A SORE Y R A B e Rk ]
YRR E,

ME 3 Al PIFE ), SananA Fl EcnanA £ 3 FiA
[ (%) SR P 8RS TR R K B R Gk b SananA
1 EcnanA TE pETDuet — 1 Jukr o Al %5 1 32 34 18 i
K, SananA —pETDuet -1 41 Fkr 3¢ 35 () 25 (i
&%, RETE SananA —pETDuet —1 5 28 AL A% 41 g
BRI DCTE PR A7 E REAEER HfrdEH 2
RHUEEEARN RS RS RN, DK
SananA -pETDuet -1 fl EcnanA —pETDuet —1 Jiki 5%
KA H BT AL, 1 4 R2EAL S 245 T R EE 2
JEH 5 1) SnNAL ( SananA X% R ) NAL % 1) i
EcNAL( EcnanA XFRI NAL ) .

1 23 456M7 8 91011 12

Dbl b i b
HH H el
CHHEHHE
1.3.5 9 pETDuet —1/pMAL/pZE 3 F ki i 40 o B 7 b 35 9 v
Y SuNAL; 2 4 .6 4 pETDuet —1/pMAL/pZE 3 F JFoRL A 40 S f i
PUHEF Y SaNAL;7.9 11 & pMAL/pZE/pETDuet —1 3 Flt FkL 4A
T B bW Y EeNAL;8 .10 .12 24 pMAL/pZE/pETDuet —1 3
ol JBRCRE 40 B 10 555 0 3 7P Y EeNAL M 25 11 FR 7 Marker (14 ~
250 kDa) ,
K3 SnNAL/EcNAL [ Fik H ik
Fig.3 SDS-PAGE of SananA/EcnanA of
pETDuet —-1/pMAL/pZE after cell lysis

2.3 NAL BBEEEEMERE
2.3.1 NAL BRI fER A6 F 0 R

FH 2.2 R HERY 6 B 4150k 2% 1K 1 25 1
F ML VA AT D AR R R A e, 5l S
BRO13 T R N 2% 18, ¥ B R JE 1 50 °C, pH =
8.0, N 1 h, JZ Bt 7 o AT USRS, LAakE f
MEff = pl A, S FIRRIEA T RIEW AR
FE L HLAL R & A R R RAEE B (K&
b 3R ) VR S B YIS A, DL A B Ol A 8K
F1%) s 35 6 %) 0 %), R FED T Ak BRI B JRAE T R LR
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M—ZE H bR fE Marker( 14 ~250 kDa) ; 1—SananA —pETDuet -1 ;
2—EcnanA -pETDuet -1,

K14 SnNAL/EcNAL & 14lifk/5 SDS-PAGE HLIk

Fig.4 SDS-PAGE of SNAL/EcNAL proteins after

purification

R W 208 (PR B &) SR 1k 2 g
MR MR, S5 RWE 5 Fin, 5 AT £ ih
FERLAHLE 15 S B R AT B S 4 B AR — SR AR
2, UL NAL BAT B A i R IEAE TS RIVAE ST 52 ~ 6
5 BOWAR 22 T W] S A BRLARCRT T RAR AR R B Rk
AR ARG, 57 5 X5 AR 45 R AT
X EG AT I O i AT AT B A A R P T RE A A
5% ff BRI N — SRR B B A, T B S S A A
BT ZIRAR B R L JEAE T 3R W06 B i X 1
BRI O HERR R AT TR TR AR B R RN T I A
R R AL T R MR W, kB A fk 5 SnNAL Al
EcNAL 35 FUFEAT B i 5236, #E— 2B WF 5T NAL X 5
RIFAT R BEMBCR

LS
B —&®K

BURE/(mg-g)

[T T OO T T T T

A TTIY
IR RARRRRRRAAA

MAM1ILIIMM]]DIININN
AMMMHMMIMIMIDIIL

(LTI T T

A % 2 | VA 2
1 2 3 4 5 6 7
iR
1.2 .3 7 pETDuet —1/pMAL/pZE ik SnNAL A9 40 w35 W
R 34 5.6 S pMAL/pZE/pETDuet — 1 F ik () EcNAL #
IR MR LR R AR 57 Sy B (25 11 K T T A 2
R B3 o
5 OR[RIEE ZH TTRL™ A= B4 RE VR 1Y) ok e L i
Fig.5 The degradation reactions in different crude

enzyme solutions

2.3.2 NAL 44t =% &R R H 2R

¥t SananA -pETDuet -1 Fl EcnanA —pETDuet -1
Pk s E AT (B 4), Haifb )51
SnNAL 1 EcNAL [ % fift = R IR AL TH 2, Wit
Py - FL ] 10 mg/mL 119 = B B AL 75 RIS, A2l
Ak B, 7RI 50 °C .pH =8. 0 2/ R 1 h,

M 4 SR AT LUE Y NAL (90 AR = 3R
JEAE T 2R AR A AR R — SR AA i EL >4 BT Il 5
AHIE A, SnNAL B FIl EcNAL BERE i = R IR AL T R 77
A 1 PR IR AR A T W 3 25 5 3K 10 X 7 e
it 3 ik v SR DAL T R R JIARL, 5 TE S 4 ¥
ZIER B R UR 1Y SnNAL AH #8 F K M FF B Ok U8 1
EcNAL TE SananA — pETDuet — 1 5k of Al 35 PE 8 H
FIREE L I TR 502 SnNAL 1E K
15 R IRAE T R R G

# 4 LT SaNAL FI EcNAL RERRACR
Table 4  Degradation results for purified StNAL and EcNAL

MR/ (mg-g™")

s —
ik — ik

SnNAL 2.47 +0. 15 7.89 +0. 17

EcNAL 2.67 +£0.19 8.05+0.15

LR TR B 0. 17 mg/mL,

2.4 NAL BEERELTZZFNMRL

ZHRE A BIRFFE K SN i 2 AE 50 °C
DK 7 R B R A T RO R HE g 4y R
50 “CHY pH XF NAL SZm e K, Pt 2 Jm i 52 96 6
pH S [R] A NAL 2 1R X 3R R A 75 R %
i RS A S A R A
2.4.1 pH

SHHIFSGE pH X N- 2 i 28 2 R 224 T A i S A
FRIE, EWE 6.7 Frniy pH LR B SE
B ZRAR I AT R (RSB ) AE
il Y JEE ) | 70 B FE R 50 g/ mL 1Y JFAE T R
Hin A NAL, { fif§ 57 & 9k B0 0. 17 mg/mL, & J
Lh, MEZEAR] pH T AR — SRR Rty 224k,
[Fi) B 52 AN Tl 1) 2 I A 3R O 25 R IR 5 %€ pH
X IFAETT R BEAf = e Pk 52 )

W 6.7 Fizs, &% NAL R RTESLE Y pH TE
FINEEYIBEE pH T, AR R R & &
PG ETHGINA a3, Y pH IK 2 10 B, B F 2R
AR Bk B e KAE, H2 Y pH KT 10 B, FLif
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10:— - X R

UG/ (mg-gh)

pH

K6 L pH {EDX AR SR Y 20
Fig.6 Effects of pH on the yield of monomers

127
10F —e— 25X

R/ (mg-gh)

pH

P17 SO pH B — SRR S (5
Fig.7 Effects of pH on the yield of dimers

SRR R Ul N R, U N-C BE A 28 R A
fiff T8 PO 0 1 A R pHL T AR ] B B4R 2R A
Gy FARE T2  TERSAE 25 A1 R AT e Bk e At Ry S/ Y
o F. HTEWSG pH 504 TR RELE R AR
JE KA 8 WR R R X R el S e AR A T
N REALRR T AR pH o 4 BOBRME S F R SR A —
RIKGDVFRUER, LUAE pH O 11 A 12 504 R R
R AR R A T B AL, FoAth pH R 28 FLS N
PR ZRAR AT R K, fe 2% pH =10 i E
HEML AT
2.4.2 R AT

L@ A N LT 7 A A NG -l (L B N €
pH =10, IR E N 50 °C M2, 76 5 8 e N
10 mg/mL FY {55 2R JEUAE 7 28 T VR A o s vk B Ry
0. 17 mg/mL AYNAL A7 52, 4 — B i ] BRORE
FERARR ZRARR & i, S5 ER, RV 8 h B L
PR Rt e, 4 h B SRR R Rk B e s Ak
A RARMF R 8 B i s (B, i — 2P K R0
INNEIVAE- =TI E=S NN 0 SR SR EY NP3 S
AR RS T AR E RE AR A5 R (B BAR ROV AL

WA E—PRAWTE . L7575 B R T P IRR
JEAETT R MBS R fe S ML I3 8 by

30

TDL
o
g8
B
=g
o —a— LA
5T —— IRk
n Il L 1 n 1 n 1 n
0 5 10 15 20 25
J5 R i) /h

P8 SR [ADX SRR — SRR R R )
Fig.8 Effects of reaction time on the yields of

monomers and dimers

2.4.3 NAL HmE

VEPE R NLIREE 50 °C S I [E] 8 h pH =10 1Y
it fift S50, 76 R N 10 mg/mL A9 BB AL TS R
PP S IS R B 0 (3R 5) , T2 NAL 7805 %5
PR A SR I RE M, 235 L3R W 7 il 5 o Jo ot vk
IX[E] 24 0. 09 ~0. 35 mg/ml I}, Fifi 25 i 8 (10 42 5 2.
PN SRR A B SR G S T 1 I, 2 O g ) ST
FERT0. 35 mg/mL B HL 04T — R AR A B 2 5 15 m
AR A A AR Y R N B Wk R R
0. 35 mg/mL, 7EIZIR BE 2541 T A] 1551 35. 67 mg/g I
AFI14. 49 mg/ g —BAK

5 SnNAL H Ik BEXT AR — SRR R R R
Table 5 Effect of SnNAL concentration on the yields of

monomers and dimers

TR/ MEEE/ (mg-g™")
(mg-mL™") ik ZRR
0.09 18.16 £0. 12 11.21 £0.20
0.17 25.18 £0. 31 15.83 £0.23
0.25 32.19 £0. 18 15.21 £0. 16
0.35 35.67 £0. 34 14.49 £0. 13
0.42 35.70 £0.27 15.12 £0. 19
0.52 35.01 £0.21 14.24 £0. 16
3 %

A SO FHAE DB PR AE S R R B, o
S A B PRI 18 T, 4 30 46 B 000 7 4 R DR R Y
SananA FIKIGFFERIRA EcnanA 3 KT B 15
itk e R IFAETE RIAEIE ;SR el i A 6 FoAS [ 1Y
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HAH I bR UL AL B AR R Rk, S5 R R R
SananA 3ERFGEE] pETDuet -1 kL, A5 107 5
HEHERERML, b5, 4ifk SananA —pETDuet -1
FIBHY NAL Jilg, IR HRE AR I AL T R 9 2% A EAT 00
A, W0 R B B Tl A 52 I 2% AR 2 SO iR 50 °C
pH =10 SN EF[E] 8 h B AN 0. 35 mg/mL, 7E I
FAF AR AR BUR R 35. 67 mg/g, — KA
FE M4 49me/g,

R BIFR 2 SR WA FH A= W e R i v 2R A
H R BRI T R BT, HEA KR
GUN 7 RS R os EoUi NI 7/ R S W BV e
A LLE AR SO B B A NAL (9 i g 0% 5 5 52 1
PRI AR LI A AR R 228, R, ARk Y WF 5T
AT IO E AT WA 5 1) A LA $i v A 8038, B
NHE AL P8 v i 128 B 22 1) A [ VS 0 95 P i, A T <34
H i SR IR T R SR B Al
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Abstract; The chemical preparation of oligomeric procyanidins suffers from potential environmental problems and
excessive byproduct formation. In order to overcome these drawbacks, this work attempts to identify an enzyme
which can degrade polymeric procyanidins to form oligomeric procyanidins. After gene screening in a database, the
genes of N-acetylneuraminate lyase from S. aureus and E. coli were selected as target genes. After the nanA genes
from S. aureus and E. coli were ligated into the plasmids of pETDuet -1, pMAL and pZE, SDS-PAGE indicated
that SananA has the highest soluble expression in the pETDuet —1 plasmid. Subsequent experiments for enzymatic

hydrolysis indicated that a temperature of 50 °C , at pH =10, for 8 h afforded the best degradation conditions, resul-

Cloning and expression of proanthocyanidin degrading
enzymes based on gene screening and the optimization of
their enzymatic catalysis conditions

SU HuiJuan"* LIU Dan'® YAN Kun' ZHANG Chao® WANG WenYa' '’
YUAN QiPeng'

(1. College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029 ;

2. Amoy-BUCT Industrial Bio-technovation Institute, Beijing University of Chemical Technology, Xiamen 361000 ;
3. Jinan Jiyang Area Comprehensive Testing Center, Jinan 251400, China)

ting in monomer yields of 35. 67 mg/g and dimer yields of 14. 49 mg/g from the polymeric procyanidins.
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