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Cloning and expression of alginate lyase genesfrom Vibrio
alginolyticus and characterization of the alginate lyase

Jie Gao, Yimin Li, Cong Du, Xuze Pei, Huimin Lu, Xiaoyang Zhao, and Wenjie Yuan

School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, Liaoning, China

Abstract: With the discovery of the significant medicinal value of alginate oligosaccharides and bioethanol produced by
microalgae, alginate lyase has been the focus of research in all fields. Five alginate lyase genes in cluster from Vibrio
alginolyticus were cloned and expressed in Escherichia coli. SDS-PAGE and enzyme activity showed that four of the five
genes have the activity to degrade alginate. Optimization of the induction conditions, protein purification and enzyme
properties of rAlgV3 with the highest enzyme activity were studied. The results showed that the enzyme activity of
recombinant enzyme rAlgV3 increased from 2.34x10* U/L to 1.68x10° U/L, which was 7.3 times higher than before. The
optimal reaction temperature was 40 °C, and the enzyme was relatively stable between 4 °C and 20 °C. The enzyme had a
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higher activity between pH 6.5 and 9.0, with the optimum pH 8.0. It showed a wide range of pH that the alginate lyase can
exist stably between pH 4.5 and 9.5. Appropriate concentrations of NaCl and Fe**, Fe** ions promoted enzyme activity. SDS
and Cu?* ions inhibited the enzyme activity. The enzyme degraded Poly-M fragments and Poly-G fragments, with a wide range
of substrate properties. The degraded product of sodium alginate of rAlgV 3 analyzed by ESI-MS mainly was oligosaccharides
with a polymerization degree of 2 to 3, which means that rAlgV3 was an endo-type alginate lyase. This enzyme has the

potential in the development of third-generation bioethanol and the production of alginate oligosaccharides.

Keywords. alginate lyase, Vibrio alginolyticus, clone and expression, enzymatic properties, fuel ethanol
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Fig. 1 Putative alginate lyase biosynthetic cluster on
V. alginolyticus 40B genome'®.

*1 BERABEIEERSY
Tablel Primersof alginate lyase genes

Primer name Primer sequence (5-3)

PalgvVlF CGCGGATCCTTTCAATTTTGATTTA

PalgvlR CGCCATATGAAACTCAATCTACTCGT

PalgV2F CGCGGATCCTTACCAAAAGATTGTT

PalgV2R  GCGCATATGAAGCATATTTTCTTCA

PalgvV3F CACCGCGGATCCGTGTTTATAAAATCAAC
TAA

PalgV3R CACCCGCTCGAGTTGATGAAGAGTGCTC
AAAG

PalgvVAF  GGAGAAATACATATGAGCTACCAAACCC

PalgvVAR  AAGGATCCCCGATTTTTACATT

PalgV/5F CTCTCCCCATATGCCACAAAAACTA

PalgVb6R  GGTGGATCCTTATTATTTCTCCTGC

Underline represent the restriction site.
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Table2 PCR reaction system

PCR reaction system Volume (puL)
5%PS buffer 10.0
dNTPs 4.0
Primer (F) 15
Primer (R) 15
ddH,0 31.0
Template 15
PrimeSTAR HS DNA polymerase 0.5
Total 50
#3 EEKR
Table3 Connection system
Connection system Volume (uL)
10xT4 buffer 1
T4 ligase 1
Vector 2
Target gene 6
Total 10
Fz4 WEYKER
Table4 Double digestion system
Double digestion system Volume (puL)
10xCutSmart buffer 1.0
ddH,0 3.6
Restriction enzyme 1 0.2
Restriction enzyme 2 0.2
Plasmid/Gene 5.0
Total 10.0
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Table5 Protein purification buffer system
Na,HPO,-NaH,PO, NaCl Imidazole

buffer (mol/L)  (mmoliL)  (mmoliL) P
W w w1
ma?; 50 300 10 74
E;’fts“ 50 300 150 74

16 EHBBEFMRIOMR
1.6.1 EHEE rAlgV3 BEGE IR B & HiRE M

(1) FHARBWEESIEYIRA ., ATE 4 C.
20°C,30°C,3C,40°C, 45°C,. 50°C. 60°C
A1 70 “C K H R 20 min i i il

(2) XTI ENE, ISHEABBHRE 4 CUKAE
% 20°C.30°C.35°C,40°C.45°C,50°C, 60C
70 CARME Lhg, MEREHZE 4 °CJaE i .
1.6.2 EAE rAlgv3 BIRE pH R EBEH

(1) Z3 50 F DA 22 i 5 R NE AR R A pH
LWR-LTRMZE il (pH 45, 5.0, 55, 6.0),
Na,HPO,-NaHPO, Zifif (pH 6.0, 6.5, 7.0, 7.5,
8.0), TrisHCI ZZihik (pH 8.0. 85, 9.0) MIb-A
AN s (pH 9.0, 9.5, 10.0), I 5E ) 38 A
L1 BEAE AR pH 244 T IO REE 7 .

(2) ¥ W 5 0 A B bR JUFP 22 o ik R
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TE G5 5 W0 1 SN A 2 e 43 il A 283 sy
1 mmol/L 4 SDS. CuCl,. MnCl,. NaCl. KCI,
(NH4)>SO,. MgCl,. FeSO,. FeCls, EDTA I ,
RN AT B - SN AA Z (4 BTG 2 Sl 100%, Il 5
Al S A4 ZR P A T T
1.6.4 AR[F NaCl ¥ B Xt B S i =

TERG S Y B R FR 2 B ALk
4 0. 100, 300, 500, 700, 900 mmol/L f# NaCl
VSV, N E BN T
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E 2 AlgVl-algV5 B PCR &R

Fig. 2 PCR identification of the gene algvl-algV5. M:
DNA marker; lane 1: PCR fragment of algVl; lane 2: PCR
fragment of algV2; lane 3: PCR fragment of algV3; lane 4:
PCR fragment of algV4; lane 5: PCR fragment of algV5.

kba M 1 2 3 4 5 6

250—
150—

100— & B
2 8 1
5= sy —
1 B
-

Fig. 3 SDS-PAGE analysis of recombinant protein rAlgV1-rAlgV5. (A) SDS-PAGE analysis of rAlgV1—+rAlgV5
supernatant after ultrasonication. lane 1: rAlgV1; lane 2: rAlgV2; lane 3: rAlgV3; lane 4: rAlgV4; lane 5: rAlgV5; lane
6: control; M: protein marker. (B) SDS-PAGE analysis of rAlgV1-rAlgV5 sediment after ultrasonication. M: protein
marker; lane 1: control; lane 2: rAlgV 1; lane 3: rAlgV2; lane 4: rAlgV 3; lane 5: rAlgV4; lane 6: rAIgV5.
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Table 6 Quantitative determination of alginate lyase
activity

Fermentation  Ultrasound

SranBL2UBL2L  superndtant  supernatant E: %Xj
(UIL) (L)
PET292-AlgV1 179  Notdeteted 179
PET292-AlgV2 227 5416 5643
PET292-AlgV3 111 23266 23377
PET292-AlgV4  Not detected Not detected Not detected
PET202AlgV5  Notdetected 167 167

A A N S G B0 algVL, algV2, algV3,
algVvs it [y ifg e R 2L A Tl g A0 L A 5
rAlgV1-rAlgV3 iX 3 /™ 21 3447 i A 6 i 1 Tk
T, X A PO S A R — B, R R AN
TEPEARXT AR, WHMEEN; BB 3 ATLLE
rAlgv4 Fl rAlgvs ¥iE4T T Rl Rk, 1
& AV 4 L Y A AR A TN 2 il |, D R AT e

A 120,
100
80 |
60 |
40 |

Relative activity (%o)

20

0

Temperature (C)
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100 + ‘/—;/l\x

90 +
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80
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4 EUBEE rAlgV3 IFSEHHtL
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o T R AR A P TR A, 4 TR A T M 1
SIS 7 VRN TR SR BB S T R 24 i il 1)
T, T BEHAS Bk T R SR W TR,
540 TR EE S P AR 10 335 P A 5 5 TR B rAIQV'S AL TE i
PRSI B B S, P REJR RS rAlgv4 AR
HEM rAlgv2 Rk i, BRGwEs, BA—
SE W 75 TEALEE rAIQV3 I EEIE AR B, T
R M P BTG , X L SCERIRIE SE R T 23 £, B
ARG AN (P 3R R SR vk rAlgV 3
MRS, s S, R rAlgv3
PRIk, HETRHZ BRI T 43 B 4l Ak 5 i 0T 1
FTAE
222 rAlgV3iES &R

N TR rAlgV3 R A, ARSI IR
. %S OD. ESH IPTG ¥ LU St ]
A5 AT AL, 25 R LR 4. f Ak g Sl g

B

110 -

90

70 -

Relative activity (%)

50

02 04 05 06 07 08
ODgy

120
100 -
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Relative activity (%)

20+

12 16 20

2 4 6 8
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Fig. 4 Optimization of induction conditions on the recombinant alginate lyase rAlgV3. (A) Effect of temperature on
the recombinant alginate lyase rAlgV3. (B) Effect of OD on the recombinant alginate lyase rAlgV3. (C) Effect of IPTG
on the recombinant alginate lyase rAlgV 3. (D) Effect of induction time on the recombinant alginate lyase rAlgV 3.

&: 010-64807509

B<: cjb@im.ac.cn



1184 ISSN 1000-3061 CN 11-1998/Q A:# T #2244k Chin JBiotech

E’zfﬁ%ﬁ%%#ﬁj 37 CHiFHA OD k% 0.4, F
25 Ci#F4715F 6 ho i 50 | PTG X il 14 5% 1) A K o
AL 5 EALEG rAlgv3 Fik &3t m, M ik 2
1.68x10°U/L, FuARALRAT#ZR T 7.3 1%,

2.3 EAEE rAlgV3 Bk RESERAR
231 HEABROMMIELAL

T E4 8 rAlgv3 WA HisTag, it
TaKaRa /A @ (I E S Ak dE T2k, WOAR M 37 H
#17 SDS-PAGE (&l 5), & W 4lifk i # i 1 24 i
Fifi A W 25 ARG 4571 , 1 i Western blotting & B %
Falr A AR, TREIE A Fok pET29a
5 H YRR AR GG %, 50 8 Y B8
o3 WSR-S B0, X URCAE B 0 A E A T S PRI A
398 U/mg.
2.3.2 EHE rAlgVv3 BRI

A rAlgV 3 1 i ik B AR e 1 - S A
G rAlgV3 5IRYIR G5, 47 3IHE 4 °C .20 °C |
30°C.35°C.,40°C. 45°C ., 50°C. 60 ‘CHl70°C
ARG Y 20 min W E R, 253 LA 6A .
SERATHL, % 40 CHETE e, MAE 4-70 CHy
A RS, 0T UL SN R B AT, ATE L
Fofr s o 3k 2 v Rz

kba M 1 2 3 4 5 6

250 —
150 —
100 — .
75— - : —67.9kDa
5 E4ErAlgv3 E H#E4{k SDS-PAGE o4

Fig. 5 SDS-PAGE analysis of purified protein rAlgV3.
M: protein marker; lane 1: control; lane 2: supernatant
before purification; lane 3: fluid through the gravity
column; lane 4-6: eluent after purification.
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6 EfMrAlgVIHIRERE (A) FARIEEM (B)
Fig. 6 The optimal temperature (A) and thermal
stability (B) of the recombinant rAlgV 3.

XTI EE, K A rAlgV3 IR TE 4 C
VK4 K 20°C.30°C.35°C.40°C. 45°C. 50 C.
60 ‘CH1 70 C/KIA 1 h )5, MBAHIE 4 CJallE
FAXT B , 455 WLIK 6B, 4 AT M, 1% TR 4
rAlgV3 7£ 20 “CLLNBHE b/, BARIFH
FREME, 30 CLL MG T, %60 CLL LG
PoE i de o X 1 B A I rAlQV 3 ANELAE S IR
PRI AT

AL rAlgV3 [ iE pH F1 pH etk 4
SIS G2 i 15 SR R ) pH: Z1R- RSN SE
Wi (pH 4.5, 5.0, 5.5, 6.0), Na;HPO,-NaH,PO,
ZEwhi (pH 6.0, 6.5, 7.0, 7.5, 8.0), Tris-HCl
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Zwhi (pH 8.0, 85, 9.0) MM A - A AL #h &
IR (pH 9.0, 9.5, 10.0), 5 5 i s ik Tl AN
[l pH 2 AT AN, 25 R0 7A, FHA
fiff rAlgV3 7E pH 5.0 LI FJLF-BA B, HE pH
8.0 IKF AME, X4 pH KT+ 8.0 J5liE T, X4
pH & 10 B, EEEMSE 4k, mEWH, B
fiff rAlgQV3 & & IV pH 4 6.5-9, HAT){Z pH
Rk

BB B AR | 3 g vhiiik R, I
T 4 COkA T RAE 24 h, DIE R XS, 45
UL 7B, pH 4.5-9.5 B AH X EE AR LA K, T pH

A

120 Acetate buffer

——8— Phosphate buffer
100 F—— Tris-HC]I buffer
—o— Borate buffer

o0
=]
T

=
(=]
T

Relative activity (%)
N
=)

]
(=]
T

—a— Acetate buffer

| —=— Phosphate buffer
—e— Tris-HCI buffer
40— Borate buffer

Relative activity (%)
o
<

3 l 5 I 7 I 9 l 11
pH

7 E4ff rAlgV3 BI&iIE pH B (A) FpH TEE

% (B)

Fig. 7 Effects of pH on the recombinant rAlgV3. (A)

The optimal pH of the recombinant rAlgV3. (B) The pH
stability of the recombinant rAlgV 3.
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9 10 B, B L8 A ek, i AR S mT
A rAlg2 1) pH FETER N 4.5-9.5, Al ILiZ
fiftg ELAT it R T A X e, ERTR] pH R AR RE TR
I, 5 ERGSCHIRIE R BTG pH FeE A LA
W1 AL, BHAE R Tl 1.

AN [R5 2 rAlgV 3 BRI B 5% 0 < L5
5SRO NEMA  H 43 I A 244 BE S 1 mmol /L
Yy SDS. CuCl,, MnCl,, NaCl, KCI. (NH4)2S04.
MgCl,. FeSO,. FeCls, EDTA IEH, AMNAEfes
T RN AR Z S E X 100%, I3 f2 v 1A R
A TS, 45 HLULIK 8. 45 %M, SDS. Ccu*
FLATH BRI VE T, i Fe” . Fe* g {e kil
VR, HAEFZmA K,

ANE] NaCl Wk EEXTEH AR rAlgv3 6P 52
M) = P T i e S0 T 2 L HEVE AR W), NaCl
W R A OW ) — AN ESZ M R R, ST
1 NaCl Ve EXHZBFI 52 . AL -5 A 0 SO 4
9, SR ALK 0, 100, 300, 500, 700,
900 mmol/L ) NaCl %, W AHXTEETG , 455 UL
&l 9, MIKIALAE ), NaCl % 7 300-500 mmol/L
BF, WEREPE R R, I NaCl X il ig HAa fg it
ER .

150,
S .
£ 100} h B
3
2
E 50t
[+
0 =) N N
Q7 O O L O OO O &Y
T “;@?&ﬁé’ T

8 BFXEHEE rAlgV2 EgIERIR T
Fig. 8 Effects of reagents on enzymatic activity of
recombinant rAlgV3.
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Fig. 10 Results of decomposing sodium alginate (A), Poly-G (B) and Poly-M (C). 1: control; 2, 3: rAlgV3.
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Fig. 12 ESI MS analysis of alginate lyase degradation products.
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