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T e K& Vibrio shilonii BY $InEEGE E HY 52 /E
FF514 # R 3=k
' AT OB B SRR 2R

(L. MK AEPRE 5 TR e N 350116)
(2. TRHEAEFR TRELTRE M WM 350116)

WOE. [ 9] AEERRN SRR B BY T 515755 — /s BA 5B b 6 9 2L
Feat AT ek, [ ] & 3 R4 7 SIRBE H AR BY 4T 16S IRNA A B 551 4947,
AR ARG A, ARIE CARE WY IR IREE AR B 7 5 6 BRI, Rt R T34, AR % PCR
(Touch-down PCR)A # EARF B AY Wit kB 55 2K, s AE G| #ATEME &F 5
M. ¥ B 4k BN pET22a(H) 4K, #1LKMATHE BL2I(DE3), &84T 43k, 41/ DNS
HMR T BB EE, ML BRI T AT . (4R ARATE|—f 0 3R
H A, % A Vibrio sp. BY (GenBank & 3 5 : AIW39921.1), Vibrio sp. BY X F 57| 4K 2 232 bp,
Y 144 ANRIRBR, Bk 5TEH 85KD, Vibrio sp. BY #9RIKEUF 3K E B b €kt 3K E
FILBT 7 Vibrio sp. ETY3 #9ABAE A 86%. K BRI IR Bl & /1 4 71.73 U/mL, £ K A6 &
6y SRl B SRR AR ) AL IR Bl ) SRAE IR A pH A Ay 50 °C A 7.0, S BLAA 4T
agfe e, (458 VAR e ERP B EA ST EATF B — 437 0937 IR B AL B, HF /£ KM AT # BL21(DE3)
TRILT BRI, AHIIRBEe LR BT R,

Cloning, functional analysis and expression of a novel gene
encoding agarase from Vibrio shilonii BY

YANG Guang' YE Xiu-Yun'? LIN Juan'? LI Jing-Hong' HAN Yao-Yue'
LI Ren-Kuan'*"

(1. College of Biotechnology and Engineering, Fuzhou University, Fuzhou, Fujian 350116, China)
(2. Fujian Key Laboratory of Marine Enzyme Engineering, Fuzhou, Fujian 350116, China)

Abstract: [Objective] The novel gene encoding agarase in a strain of Vibrio shilonii screened from
marine was cloned and expressed in E. coli BL21. [Methods] Isolate an agarase producing strain BY,
16S rRNA gene sequence analysis and construct phylogenetic tree. The degenerate primer was
designed according to the known agarase gene sequence, touch-down PCR and chromosome walking
techniques were used to obtain agarase full-length gene sequence. After being assembled, the
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full-length of agarase gene was inserted into expression plasmid pET22a(+), then transformed into E.
coli BL21(DE3). Activity of recombinant enzyme was determined utilizing DNS method, study the
enzymatic properties of the recombinant enzyme. [Results] A new gene Vibrio sp. BY was cloned from
strain BY genomic. The full length of Vibrio sp. BY consists of a 2 232 bp, encoding 744 amino acids,
with a putative molecular mass of 85 kD, the amino acids sequence of agarase Vibrio sp. BY shared
86% identity with the agarase of Vibrio sp. EJY3. The activity of agarase was 71.73 U/mL, which
indicated that Vibrio sp. BY was an agarase gene. The optimum temperature and pH for the
recombinant activity was at 50 °C and 7.0, have a high agarase stability. [Conclusion] A new agarase
gene was cloned by chromosome walking techniques, realized recombinant in E. coli BL21(DE3),
which lays a good foundation for the research on application of agarase.

Keywords: Agarase, Vibrio shilonii, Chromosome walking techniques, Expression

e (Agar), S SIS A P 4 i BE rp i B R
PR RE, 2R ) B, B A
BB AN B Bk W R 2 20 L BhURe (A garase)
MK E(GH)ZE, BERERr S PR BURE
HOK =Py B SERE o AR B e g e 7 <X
AN, BB AT LA AR o- BB BE(EC 3.2.1.158) 1 B-
EEHE(EC 3.2.1.81)P), B A BB BEAR I8 T 7K
%, M Henrissat 2B H (19232 12k
o- SRR 43 HE GHO6 ZA05, T B-Er e e 4] 41
f£ GH16. GH42, GH50. GH86 K. Bl A
PZ BRI, WA B SR . BERZ I DNA
FIRNAL A hyife e ) TR

H i ¢ T IR B A o F 2 E A L R
FRG B TR A5 I, Sl A 1
B TR AR EAE AR RN LU RAIG . RRvE a2 . A
REHEAT Tl AR AE P4 2, RTE 2B e
FRuERSHEARKEERD, Ca8lh—ME
e, WAEFPE—L Tl AL 1987 4F, Buttner
UV ARE T BURIEREN dagA (OIF51), ZFER
KR TR A AR . 2004 47, Ohta % 5i e
53| T2k BT Microbulbifer itk JAMB-AT [ B-Ei
L AgaA7, Jang ZECPIF 2010 4F MEEVELN A
(Agarivorans sp. LQ4R) T sepEZRIE T —ASHHY B-Ii
JREREHE DN rAgaB.  HI T X BRI 701~ AE ) e T
BRI, SRR IR R R D, AR PR
TG (Vibrio sp.)' O AR5 8s Sl B (Pseudomonas
sp.). FEIERZE R (Microbulbifer sp.)% /DELAFh
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J& , XHB BB Bl PR 114 5 b e TRt AR TN TR 2L
T o ASSCEPRT I S AR P S B R R, R
PRIEFT o FAEY 2R %0, AR CARGE S B 7 5]
G PRI Touch down PCR FIYL AR AR 1K)
Tk, SEREAREI—ASEI B EEIE N, IR
PEAT AW B2E T | 5 Rk S A i g
FIsE, ABREG R — PR T BE S

1 MREHE
1.1 EHRE

216E #iFHE gLy FEAM 5.00, BERETE
3.00, FeCly:6H,0 0.02, ATi7K 1.00L, pH 7.0,

WK R BER R 4L (g/L): 3R 2, HAeHnS
2216E KR HEAHF]

N LK (g/L): NaCl26.5, MgCl,-7H,0 2.1,
KCl 0.9, CaCl,2H,0 1.2, MgSO47H,0 4.2, 7&/%
K 1.0L,

KB IR 3 N LBRE FR 3 (g/L), (B0,
TEERE S, AALEN10, pH 7.0); & FLH Bk
KIGFF R SRR E FE R R
1.2 EFZEiRH

NN E LN 2] DNA IRF) & e G &
kiR BOAF &, W H B4 T A TRA FRA
Fl; DNA marker, Tag PCR mix. PCR ZZ Wi .
EcoR 1, Xhol, BamH 1, Hind III, pMDI18-T #EfA
Genome Walking Kit il &5, W H FEYIOGE)
FHBR/AT]; Pfu Tag Polymerase, 10xPfi PCR buffer
(f MgCly) % At mt a8 a N dl; 519m LifgA:
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TAYTEARAF G DNA W H Invitrogen
AR E AR BR A F 76 o

DNS il : B 180 g WA B 41T 500 mL A9
ZEBK R, NN 3,5- ANk AGIR 5 g, EE KK
NI NaOH . &M FIJC/K WARIREN A S g, FETEER
fRIGERE 1 Lo B THRERPBeE— RS,
1.3 EHS Rk

Ftk BY HSES %S BI, E. coli DH5a,
BL21, pET22a(+) A S5 28 (5585
1.4 E#kBY D TLE

16S IRNASEH JFF153H7 : $EEUERZIDNA, LA
HOABARIEA T 14, @519 H8FFI1492R, 741
W21, PCRIZJWAZ (20 uL): ddH,0 7.0 uL, 2xTaq
PCR mix 10 pL, IEM5[#8F (10 umol/L) 1.0 pL,
KL 5141492R (10 pmol/L) 1.0 pL, #kz1.0 pL.
PCRJZ W 244+ 94 °C 5 min; 94°C 30's, 55°C 30,
72°C90s, 307G ; 72 °C 10 min, ¥ 45 H1%
(B RE R e FEL DK ARSI 38 45 5, g DI PCR ™47
TAIE , FEZRpMDIS-THEAAH , % AE. coli DH5a
JREZ AN, R PR s, A3 ) E 2 Bk
% Invitrogen/A &) ¥ .
1.5 Touch-down PCR ¥ #E{R=F K E&

RO A FRNE . IR R = R B
Mg S IR S AR, BT FIE [l RS [ i 5 | 4%
—%%, srilen4s o BY-F, BY-R (38 1), LIKtk BY
FEFZH DNA st , FH Touch-down PCR §34 H
() F Bt , PCR JZ WK % (20 pL): ddH,0 7.0 uL,2xTag
PCR mix 10 pL, 1E 7514 BY-F (10 umol/L) 1.0 uL,
K514 BY-R (10 pmol/L) 1.0 pL, #kz 1.0 pL.
FRi 264 : 94 °C 5 min; 94 °C30s, 60°C30s (4
PEFR—UIR DA 1 °C, FJATE 40 °C fHFF 20 1K,
HAFER 40 ¥K), 72°C90s; 72 °C 10 min, 1%
BHEE I FL VKR PCR 2525, A DNA Jie [Tl £
HEAT VI A Ak 0 s B e, A R T 4 R %
Invitrogen 2~ BT o 400725 5 78 NCBI il
FEXF, AR X8 SR 1 27 91 B () AR S F
BIUFA,

1.6 FIRAEEAKRSHBIEAY EIRREE Vibrio sp.
BY EE#I£1K

R 45 Touch-down PCR 4 1475 2| () 3L K 15 51,
NI 5 314 3 4551, 4’5 A 5'-SP1.5-SP2,
5'-SP3. 3'-SP1. 3’-SP2. 3'-SP3, J¥¥IlL#%E 1, 4 Bt
faj 519 WLF Genome Walking Kit {55 & 14, 435
45K AP1. AP2. AP3. AP4,

VR . SUARET Y HEPCRI IV 55 -
PLFE P ZH DNA A , PCRIW A £ (25 pl): ddH,0
17.8 uL, 10xPfiu PCR buffer (% MgCl) 2.5 uL,
dNTPs mix (2.5 mmol/L) 2.0 uL, IF [0 5%
(10 pmol/L) 1.0 uL, K [H514(10 pmol/L) 1.0 pL,
Pfu Taq Polymerase (5 U/uL) 0.5 pL, #i#k0.2 L.
PCRIZV 454 : 94 °C 1 min; 98 °C 1 min, 94 °C
30s, 65°C 1 min, 72°C 2 min, 5P§¥; 94 °C
30's, 25°C 3 min, 72°C 2 min, I"MEH; 94 °C
30's, 65°C 1 min, 72 °C 2 min, 94 °C 30 s, 65 °C
1 min, 72 °C 2 min, 94 °C 30's, 44 °C 1 min, 72 °C
2 min, 15MEHR; 72 °C 10 min, FH3'-SP15[4HUL
5-SP1, HAMGMAAAE, HTY 3 wmA AT,

52 RN SARFNTFANY S PCR W 451
PI%S 1 %8 PCR 55 MM, PCR AR ZR[FE 1
BN, PCR JAAF: 94°C 2 min; 94°C 30,
65°C 1 min, 72 °C 3 min, 94°C 30s, 65 °C 1 min,
72 °C 3 min, 94°C30s, 44 °C 1 min, 72 °C 3 min,
15 MEH; 72 °C $EM# 10 min, F 3'-SP2 5 UL,
5-SP2, HAMAMAAAE, HFY 1 3uARHT5.

5% 3 S PCR JRISRF: LIS 2 %8 PCR
50BN, PCR VIR R [FSE 1 #8. PCR JZ
N &5 94 °C 5min; 94°C 30, 55°C30s, 72 °C
90s, 30 MEH; 72 °C 10 min, FH 3'-SP 514HUL
5'-SP, HAWMZAFAAE, HTY 4 3umAMTH, &
HEHAl S5 A4 514 AP 255 AP2. AP3 . AP4,
AT 3 5 PCR 2. 1%B AR oaE e F Uk AN 5 3
¥ PCR 455, F DNA a7 &b U e itk
My BEN Y, ek EAFRLE S Invitrogen A H
T .
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F1 LWHFTABSIY
Table 1 Primers used in this study

519 ;g

Primers Sequences (5'—3")
8F AGAGTTTGATCCTGGCTCAG
1492R GGTTACCTTGTTACGACTT
BY-F TGGARKCYTACGGCAGYGACCG
BY-R GGYTTRTARAABCGHACCCAGTC
5'-SP1 GGCGACTCTTGTGCATCACGGCTAAGG
5'-SP2 GATTTCTGCGCGAACTTGTTTGACCGTCG
5'-SP3 TTTGAATACTGGGTCAAATGG
5'-SP4 CACTTGTGTAGAGCGAGAGCGTAG
5'-SP5 GAAGCATCAATATTGTTGAAG
5'-SP6 CACCACATCGTGAATAGTTGGCGT
3'-SP1 CTATATTTAGGCTGCCGATTCGCAGACTG
3'-SP2 AAGGTTTACATCCTCAGCCATGGAG
3'-SP3 CGGTGAGTTCCATATCGGCTCG
BY-Q-F ATGACGCCAACTATTCACGATG
BY-Q-R TTGGTATCGTCGCTTGTACATAG
BY-Q-F-E GAATTCGATGACGCCAACTATTCACGATG
BY-Q-R-X CTCGAGTTGGTATCGTCGCTTGTACATAG

K SRR
Size (bp) Primers source
20 Used in this study
19 Used in this study
22 Used in this study
23 Used in this study
27 Used in this study
29 Used in this study
21 Used in this study
24 Used in this study
21 Used in this study
24 Used in this study
29 Used in this study
25 Used in this study
22 Used in this study
22 Used in this study
23 Used in this study
29 Used in this study
29 Used in this study

T BRI LRI 3R, BY-Q-F-E: EcoR 1 BUIf A ; BY-Q-R-X: Xho I BEI A4,
Note: Restriction sites were underlined. BY-Q-F-E: EcoR I restriction sites; BY-Q-R-X: X#o I restriction sites.

MR R SHRRSFI 2K, WRFEE
Ye@ AR ARTEFT 2 YK PCR 938 (- 5E HoAth 518
s, SRIHEIY 5'-SP4. 5'-SP5. 5'-SP6 S|
Yy 5'-SP1., 5'-SP2. 5'-SP3), HAIY 4 HFH 54
KA1k

B SIPEER S 3 P45 94 NCBI %l e rh
FXF, ISR R Bebfez, PHEEE, AR Il
FEAE R, BITBURESE BY SN MFES K51, 2>
95K BY-Q-F, BY-Q-R, J¥¥ILF 1. FIHH
} PCR RS2 BICES BY SEHMEK, 1%35E
BHEE IS HL VKA PCR 255, ] DNA Ji [t &
AT VIR ali AL A va BRI Y, d5 i o 7 4 ok 326 3
Invitrogen 23 7]

1.7 FAEYERFEREGXIRIREE Vibrio sp.
BY EE#HITHHT
FIH NCBI BLAST & R4t 5 ik 7
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FEoXE, 43 BT 12 Bt e il 56 DT 55 At B e Tl 56 TR 1Y)
AL ; A ProtParam (http://cn.expasy.org/tools/
protparam.html) 7T S 73 F S FIAFHL ;. F ORF

Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html)
FI - SignalP V2.0 (http://www.cbs.dtu.dk/services/

SignalP/) 73 B 1 3 Bk ) T 1) S AE A ] BEFR 15 5
WKF 515 A NCBI I 3l (14 45 44 35 50 9 /%
(http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
Bt AT 45 M B Mros Rl Swiss-Model
(http://swissmodel.expasy.org/) M HT BB Vibrio sp.
BY JE[A 4t 8 B — 514
1.8 Vibrio sp. BY EE R EHRIX

S3 et BRI Vibrio sp. BY 3751 4K 5|
Yy, fn4 A BY-Q-F-E (7% EcoR 1 WY1z s5)F0
BY-Q-R-X (7% Xho 1 Fg¥I{ii ) (3% 1), #47 PCR ¥~
B, 1%BAEREBEE L UKAS I PCR 4558, 1] DNA Ji
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ISR G T VIR Sl A SE Rl 7, SRk 2l
JFRi% Invitrogen 23y ®)INF . I EcoR 181 Xho 1
BEL A4 P U it it D) i 2H SO, DNA Jie [mSc i 551 8 it
T i, 1= 2 EcoR 1 H1 Xho 1 i)
(%) pET22a(+) 84k, HEE 4 FkL pET22a(+)-BY,
ALK A BL2I(DE3)E R, H53Ki5,

KHH DNS 0 B g e WG 7 o 5 R R
10 000 r/min 50> 5 min, HEyERAEAHERE. &
YRR REJE HL 20 uL B, IMAE 0.3% B OB RR &
AN R 2% v (pH 7.0, 0.2 mol/L) 180 pL,
50 °C fHIE /K 15 min J5, JIA 300 uL DNS K51,
il 5 min GBI EIHERZE 2 mL, RY, 1E
520 nm AbE OD i, 25 141560 DNS BRI
HAWE BRI, T HeE FURARE M 2 3RS )
TG A A SUATE BRI, B AE AL 1 pg F
FUBE A S T R A B iR 1 BERE BRA
1.9 SDS-PAGE FEHHjik

B EAFHITFIEFRFE 20 h, BEREL, B
i, AT B IE R 12.5% SDS-PAGE 1 HL
Tk, s, RN s R H i A
i
110 EAFREHIEFMERAR
1101 FHIFREMREEERREREMS: 1
AFEHREEGO, 40, 50, 60, 70 °C) il Bk B
WG 7, VAR e #00 100%%0 IR, € feid
SR EE o PR T 0 B TR RIREE(30. 40, 50,
60. 70 ORI RIR 0.5, 1. 2. 4h, )5
MR, FESl N RO, I e e e Ay
TG 71, LATE i3 oh 100%%t B8, #RFT IR EEXT
BB A P B 2
1.10.2 EHIFREGHIHIE pH & pH I EM: 15
WSy 5 pH 4.0, 5.0, 6.0, 7.0, 8.0 AY 0.3%FUKE
JEIAE 50 °C KUV 15 min, 05 S50 G (4 H 7,
DABES J1 = 100%%F B8, B e fols pH H. K
B E T pH 4.0, 5.0, 6.0, 7.0, 8.0 FUZEhi b=
ST 4 h 5, Thofi pH NIWERIREE S, L

Bl 5 N AR IR B BRI BTG 18 100%X% R,
BT pH X B A & MR RS2

2 ZR54H
2.1 E#k BY A7 16S rRNA EEH FLERH#
& ¢

I FHAHE FH Y 16S rRNA JE K 5 #7352 K 41 DNA
47 PCR, ¥ PCR Z5RM)F, MFL5HRAE NCBI
Ba e EE X, X A5 IR R T A BY B9 16S rRNA
HH A 5K Vibrio shilonii HIT 1) 16S rRNA %&
JPHNEAT =5 99% AR, K5tk BY 4
Vibrio sp. BY , HR & Hb X285 A4 e H ik BY MR S8
REME 1), A MELRH AN G MPR, B
TR SR, BRI AEME Koy THEY R
ERR, KEWH BY J—E% e RN (Vibrio
shilonii) .

22 ®RFHREPCRE R

fai I |9 PCR 255401 2 Sk iR, 4
RAE NCBI B b ot o, JE R 51 5 B 4R
PIBRUREBEE PR ORI, (R N B i LR 7
5 598 E Vibrio sp. ETY3 (GenBank 5% .
AEX22367. D) BB I ARIAME R 89%., L, FAi]
HEWnZ 5 B Vibrio sp. BY FUF A FER A B .
23 FEERTHBIHASE BY BKIRREBE R
2

TR HE . PCR P 34343 W I R4
JEA, DR FRAT TR e R D RS HOR Y 1 RIS Bl
Wi Vibrio sp. BY J:[H P8 2K .

PRsF R B RIS R34S . R 5o i S 1
SR G 1Y), Gad e R LR HOR 1) 3 320 ER,
25 3 4¢ PCR Z5 Ry UNE 3 fiw , A58 A 700 bp
() BL(1# 3 Ukl 3 ik i Jrn)), K PCR 45540
Fe, MIFPas R SEESF B BE SmRe Pk, Kok
gEILTE NCBI Sl P e, et gs s, B
JPE ik 25 750 bp, P BLFRRETE 3 X RS MES Y
5'-SP4. 5'-SP4. 5'-SP6 FIH — kYRR AR,
LY WS RS R BUK S 1200 bp, X2
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41

26

59

46

43

44 Vibrio mediterranei AP11 (HE584769)

89 —|— Vibrio shilonii HG3 (FN554610)

Vibrio shilonii HE9 (FN554598)

45 Vibrio mediterranei strain 342 (HF541933)

Vibrio sp. CECT 8200 (HF541970)
Vibrio mediterranei strain 355 (HF541935)

Vibrio shilonii strain SW-2 (AY911395)

Vibrio mediterranei CAIM 944 (HF541956)

Vibrio mediterranei strain 110T149 (HF541936)
Vibrio sp. 1231 (GU223586)

2{ Vibrio mediterranei strain 200 (HF541940)

Vibrio mediterranei R150-13 (HF541953)

Vibrio mediterranei strain CECT 7870 (HF541965)

Vibrio shilonii strain HJ7 (FN554607)

BY

0.000 2

1 E# BY 16S rRNA EEFFIEIRMEHNRFKE L B H

Figure 1 The phylogenetic tree based on the homology of 16S rRNA gene sequences of strain BY

bp

E 2 f&F PCRER

WRALE T SRR B 5 R A 0P (B 4 KGE 3

! Hi TR o

PRSF R BE T WP B9 A 3 e
SRS 1Y), Zad e R LR HOR ) 3 R0 R,
55 3 % PCR &5 01K 3 s, 15 8] TR R 500 bp
1 B (3 UKiE 8 HiskFR), R/NSHELSAEEE
FH—2, F PCR 455 00)F , P45 R 5 F R B 3
ImRE PR, FILIRA TG TIRSF R Ba T
ira I

FIFH} DNAMAN #AFORSF 7 BOR i . R i
FEANBHEE—, A NCBI B S T HURT, T
Xof 235 T 4k R R 471 5 2 i B e T PR E AR
U, HIZIER R By 8 T 915 s i R B
FilE 0 AL PR N 89%, H K /N5 HE I Y B i
(2 232 bp)5E 4= —EL,

MRPEPHESE %1 BY-Q-F .BY-Q-R — X547,

Figure 2 The result of degenerate PCR . U . .
Note: M: 250 bp marker; 1: Products of degenerate PCR. FIHH AL PCR #1741 s HLUKEE R AnE 5 s s K
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El3 $&ikP B IEIREVibrio sp. BYERE F5 # ik E
Figure 3 Chromosome walking method to get the Vibrio
sp. BY gene sequence

F: M: 250 bp marker; 1. 2. 3. 4 43R 4 #1514 ADI1 .
AD2. AD3. AD 5 5" I HIR RS9 5'SPL, 5'SP2,
5'SP3 %5 3 & PCR &55R; 5. 6. 7. 8 /343w 3 MRIITIY
AD1., AD2, AD3. AD4 5 3% FIEFHI IR TS 55 3 42
PCR %2R

Note: M: 250 bp marker; 1, 2, 3, 4 respectively represent specific
primers of the third round of the PCR results of four degenerate

primers AD1, AD2, AD3, AD4 and 5’ end of upstream sequence; 5,

6, 7, 8 respectively four degenerate primers AD1, AD2, AD3, AD4
and the 3’ end of downstream sequence specific primers of the third
round of the PCR result.

B4 REESTHEHEIRE Vibrio sp. BY 5'ikARHF5
B2 R 1k E

Figure 4 Second chromosome walking method to get the
unknown Vibrio sp. BY gene 5’ sequence

7F: M: 250 bp marker; 1. 2. 3. 4 535K 4 3514 AD1 .
AD2, AD3. AD 5 54 B4 RF L5149 5'SP4, 5'SP5
5'SP6 % 3 % PCR 454t

Note: M: 250 bp marker; 1, 2, 3, 4 respectively represent specific
primers of the third round of the PCR results of four degenerate

primers AD1, AD2, AD3, AD4 and 5’ end of pstream sequence.

INIR 2200 bp, X} PCR S5 EFFINF, 45 51
FIH NCBI s FEVEA T HOXT,  HEXH 25 R /R i3 A
i 1) S TR ) 3 45 1 3 1% I AT B e 6 174 R 1L
9 89%, HI/NGPHEZ G HEW I EISE(2 232 bp)
Sta—3, WmIATA NG T Vibrio sp.
BY JPAI AR, HAZFEFE BB A , K
SR FI A NCBI $idl JFE, SE&ER5H
AIW39921.1,
2.4 IFERES BY EEMEMERESH

XTEUCEE Vibrio sp. BY 3R 5L W15 B 2457
Wil il Vibrio sp. BY J&[F 424 2 232 bp, 4t 744
NEEERR, it THN 85.4 kD, HHESHL N pl
B4 5.02; ZIEH P i P8 P A5 5 1K
SRR, B E TR KRS 42 K
Jti(GH42); BLAST 73 #r&M, Bl Vibrio sp. BY
IR ILRRTH 5 NCBI $dE 4 b B 0 B e il 1 51)
Vibrio sp. EJY3 FAHIIMER 86%, SEuCHE)T 4
Agarivorans albus FJAIYER 67%, h—FiEi BT
R ; T Swiss-Model J M5 2112 55 K i 2
=M 6), H—A> Ca” 4ha i, SERkE
() B-EE ST 4bgd. 1A I =5 S2%AAHMLTE
2.5 IRFQES Vibrio sp. BY EE B EHKIE

M5 Vibrio sp. BY £ BY-Q-F, BY-Q-R 3|

bp M 1

2250
1 000—

B 5 PCR 1 Vibrio sp. BY EFEF5| £
Figure 5 PCR result of Vibrio sp. BY gene

H: M: 250 bp marker; 1: Vibrio sp. BY J:[HFH] 44K,
Note: M: 250 bp marker; 1: Full-length of Vibrio sp. BY gene.
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6 Vibrio sp. BY EERIGEH I =RLEH
Figure 6 The third level structure of the protein encoded
by Vibrio sp. BY gene

Y PCR Y 415 BT Vibrio sp. BY KK 41 14>
K& 7), HEEEAFRAEAR pET22a(+)-BY, $#2HK
JECRE, B EcoR T il Xho 1 BRI PV BEHBED SR
XI5 R K 7 Fros , fi Sk B iy B A
K/NZ 2 250 bp, SELSTAHN], IR D)
P T EH A RIR AR pET22a(+)-BY .

i 20 323K 4K pET22a(+)-BY 7E K % ¥ 14
BL21(DE3)if 51k, SDS-PAGE HijkZh i

1 M bp

—2 250

—1 500
—1 000

— 500

—250

7 EEFRIEH K pET22a(+)-BY WEGHI4ER

Figure 7 Double digestion results of recombinant
expression vector pET22a(+)-BY

#¥: M: 250 bp marker; 1: LR IEF K pET22a(+)-BY M)
7).

Note: M: 250 bp marker; 1: Products of double digestion of
recombinant expression vector pET22a(+)-BY.
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Figure 8 SDS-PAGE of recombinant expression vector
pET22a(+)-BY

. M: A Marker; 1: IPTG #5530 pET22a(H)#MAFIAH
Wi; 2: IPTG Y530 pET22a(+)-BY HLHFEIAH K.

Note: M: Protein marker; 1: IPTG induction of pET22a(+)
expression bacteria; 2: IPTG induction of pET22a(+)-BY
recombinant expression bacteria.
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Figure 9 Effect of temperature and pH on activity and stability of the recombinant agarase
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