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[HZE] LM (Microbulbifer sp. ) ALW1 BUZERAIU NN, i A6 I S4R I Algl14 RE54E5 | Pt
1T PCRY™H, A4y =W 5il 22 pMDI18-T ZM G AT T, FEXHZ3E BN 4 9 2R A 5T 90 1A T4 WA B2
W7o ¥ EHRFEEIE A pET-28(+ ) FEIKEAK, # A Escherichia. coli BL21 (DE3) Wit 7Sk, JEHA
FMENTHTEAR AL, SR BN, FEILE K R/NNG 1350 bp, BN D5 449 S LR LM
HAT, Z%E AT A5 H AR R A0 B 240 i 7 51 A — 2 AR UM, B0 ST e i) B i) 35 PR 4 1
WP RN, FJE T PL-14 %, W03 SIS AlgLl4 MBSy T B /N A 48. 772 ku, BRIGZEH 5
H16.27, RAFIREABER S R ALW1 8B I 24RRE AlgLl4 B9 =250, &8 -E., ¥ HERNLE
E. coli BI21 (DE3) HitfTiES RS, b iRS EAE B 2ERE ., SDS-PAGE /3T s, #ikh) HEIE
FAF it 294 48. 8 ku,
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Abstract: The genomic DNA of Microbulbifer sp. ALW1 was used as the template for amplification of algi-
nate lyase Algl.14 gene by using PCR with a pair of specific primers. The amplified products were cloned into
pMD18-T vector and then sequenced. The deduced protein sequence of this gene was further analyzed by bioin-
formatics. The target gene was inserted into pET-28c( +) expression vector. The recombinant plasmid was
transformed into Escherichia coli BL21( DE3) and the target gene was induced to express. The recombinant alg-
inate lyase Algl.14 was purified through affinity chromatography. The results showed that the cloned gene was

1 350 bp, encoding 449 amino acid residues. The target protein sequence shared certain identities with the alg-
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inate lyase sequences from other bacterial strains. So the cloned target gene was predicted to encode an alginate
lyase belonging to PL-14 family. The theoretical molecular weight and pl of the alginate lyase Algl.14 were
48.772 ku and 6. 27, respectively. The three-dimensional structure of alginate lyase Algl.14 from ALW1 was
constructed by homology modeling and presented B-strands rich structure. The target gene was transformed into
Escherichia coli BL21( DE3) and induced to express. Then the recombinant alginate lyase Algl.14 was purified.
The molecular weight of the target protein was approximately 48. 8 ku through SDS-PAGE analysis.

Keywords: Microbulbifer sp; alginate lyase; cloning; gene expression; bioinformatics analysis
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WP — R B IR B 20, & F ORI TR WSS M AL BE, St B - D - H EEpEmE
R (M) fla-L-HBHERER (G) Midp-1, 4 FIFEEERRNEERS TREY" , SHK
KUz, RO EARM: | Rueth . BERMAES SRS FERA, D RS, BB
7. EDY AL T 24007 Y M R SR MBS R g r= e, oA 2R AR T, PR PR
e, Puskim . REmbE, BEmE . PobEES

oy PR RS I ELAT B — TH R AL 2 A R BB TSR A RE T, 77 A 2 AN T TR 2 i S S A T A
PR AR BAARS | W AR A R & —1E, T DO A2 R B-D -1, 4 - HERAHRE R
LM (EC4.2.2.3) MZR a-L-1, 4 - HDPERERAMEE (EC4.2.2.11) PRI, M
MR YRSz, ANREAR R . IEANE . REE . TETEANT . S | HEVE AR S ) it
FAEDT | HA IR LB R T 2 RARBORIE, InBsS Rt R | BT SR
FRREES T BRI AR M T A T R AR S [ AR SRR 0 O TR, BT, R
FRIT T 1) 4 e s 22 g il ) TR A B 5, T T B A v s R it T S IR v S ) v Ay AR TR
L,

FESEHTAIIFSE Y, ACURAIZE DS 2 g fy v 0 1 — A 5 S 1l o 7™ TRT AR ALWL, 555 SR it
B (Microbulbifer sp. )" AWFFEIEAT Microbulbifer sp. ALW1 46 ¥ I 4 fift i AlglL14 3[R i 5o e |
FIRh B A BT, L MRS B S AlgL14 ARG . A 2546 5 T RE AT 5T 24 E 2201

1 MB5F*
1.1 SEIgsrsl

Rk ALW1 AL = i 64815 s Escherichia coli DH5a Fll E. coli BI21 (DE3) B bk A 5256 58 {5
1£; pET-28a(+ ) il ly Novagen A )77 ; pMDI8-T #i4k . Taq DNA B4 E . ANTPs F1 DNA Frifits
TaKaRa A7) fh; T, DNA JEHEREA Fermentas 23 7)™ iy A0SR ZH DNA $2BGAR &0 A TN AR A
I ARG PR/ )5 Ni-NTA BRARMER G 7 GE Healthcare 23 &7 s A1 F0RL DNA 42 G2 70 & FiAk =
DNA JEIIBGARIG RAR AR (b)) ABRAR ™5 SERATIRIT A& AL R 7 51 i D
WIZAEIE T Vs A R A BR A R S8R W BERREN o B 25 8 A s R4 e 4t i
1.2 HBERAEMEE AlgLl4 BEMTE

WG Microbulbifer sp. ALW1 3% J5 4 /i i AlgL14 Y FERF31, &AL FEI4, Pl: 5 - CGCG-
GATCCACCGAGGTTCGAGGAGCGATTG 3" ( FHIZH 537 BamH 1 BV &), P2: 5’ - CCGCTCGAG
CAAAGAGCAAGGAGATTTCGTGTCC -3" (T NZH 734 Xho 1 BEYIA 1) o ¥ PR ALWI 13 FI 21
DNA fE AR, H PCR AT M A 3L B, R 2N 95 C 5 min FAEH; 94 C 55 s,
55 °C 45 s, 72 °C 90 s, 30 MEFR; 72 CHEMH 10 min, PCR F=HI2 it 4350 1 % B ISR I b, vk K6 i)
o, BERCIRNG H YRR B, B ) S pMD18 — T sk i ATi%E 4%, ¥4k E. coli DH50 JERAZ 2520
i, MR AT AE S A 100 wg/mL Z R HEHRM LB FEARRE SR AR L PR E#YETR A 10 wL 0. 5 mol/L
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IPTG F150 wL 20 g/L X-gal) . MCOP-HRHkE I (BB HEFT 7% PCR e B4, PGy 4w Edl
FEkr AR AT S
1.3 BERERERRBEYNENZERSHT

I Fl NCBI /) BLAST 27 7E GenBank #0484 k4 786 (1 U7 8 9 (R R &R . FIF MEGA 6.0
(&R (Neighbor-Joining, NJ) WE ARG L EW , FIH ExPASy 1 Protparam T HiE47 8 FH it i #fk
PRI, # F REERTR F NPS IR 45 %% (hitps ; //npsa-prabi. ibep. fr/) A GOR4 35" gE47,
FH NCBI # CD Search F2/5""' ££ GenBank ¥ it 47 8 1B A0 4540 38850 #r . FLAH Modeller 9. 157
PEATEE ARSI 0 = 4ERAEE, SR VMD B SR 8 (A R 23 [R) 254
1.4 1BERZREE Algll4 BEHRRIEFRRHE

Fil BamH 1 F Xho T XY 245 16 5 i 24 Bl AlgL14 FERAY T AR FEk 84K pET-280 (+ ) HEAT XL il
U1, mykER E R B, SR T, DNA MR, S8 WA KIGHFF B DHSo RS2 5400, 1
7% PCR TRk BHVETERE , RBUTOREA TN P 0AIE, FIrk el ) 4l ik Bk 44 R pET-28-algl.14
1.5 EERREMERS Algll4 BB S RIATN4L
1.5.1 HESHEE

P2 F R TR AL B 3875 2 E. coli BI21 (DE3), 474 PCR FidEBHIE IR IS, PRICIHTESE
e FRYRRIETS, FeMhT 10 mL LB IR FREE (3100 pg/mL RAFER ), 37 CIRGIFLR, K
FREWAE 1% (V/V) FeBlEERE] 100 mL LB AAE 723 (%100 pg/mL KIBER), 37 CIRGHHEE
AgoTEIEF] 0.6 ~ 0.8, I A SN HE AL FLBEH (isopropy thiogalactoside, IPTG) 2k
0.05 mmol/L, 7£ 12 C, 200 r/min 7504 Fif5 #3520 h, E.OUWERMA, FIH SDS-PAGE 7 HrE M
JE A F IR
1.5.2 HEAELifk

K Ni-NTA BEfRHEE A2 Mg AT alifl, K7 1.5 1 R B R E T 10 mL HE A9 2% whiik
(50 mmol/L NaH,PO,, 300 mmol/L NaCl, 15 mmol/L BKMt, pH =8.0), vk 5T #4718 7 i 14
4 °CF 15 000 r/ming0> 20 min, YA IR, J0.22 wm IEBEIE, KBRS IR Zha &2 )5 %
T HIWE A2l BOE AL S UEFT SDS-PAGE HLIK /3 M PR AE S B 48 BF A Bradford 3212 il
FE R AR
1.6 BEKAMBENENNE

SKHIDNS (3, 5 - KR ) 27 A FOR A i 0.9 mL 895434 0. 3% 18 3 R A IS
Y (FT 50 mmol/L BEFREANZE M) JA 0.1 mL B, RS YT 40 C/KIB TN 15 min J5,
A 1 mL DNS 5], FF&8 S5 min B0, SRR KAHEEE, RMVBEESRZES mL, £540 nm T
WSE R, DARKISRRRAE N2 XTI . 78 BR AT, BB K IR =4 1 ng 050 (LA
EET) IR 1 ANEEE S (U)

2 #R
2.1 BERHMEE AlgLl4 BEEMEE

VL Microbulbifer sp. ALW1 HJHEPKZH DNA i, F 4S8 e R i AlgL14 ARE Ve | it 1T
PCR ¥"3% . BifRMEEEAC K o, §7 387780 K20 1 300 bp 19 DNA F B (LI 1), BRI ek A
T ARG HATIT T, SR ER, HIZEEIK/N A 1350 bp,
2.2 1BERAMEEE AlgLl4 EERERBEYNEFS S

Microbulbifer sp. ALW1 &35 24l Algl14 JEH (1 350 bp) T4t 449 IR, %8 R
T 33 AR IERR IR IE P {5 50K, B A YIEIOLE AT A33 Fll A34 Z 8], K% R P HITE Gen-
Bank i) Reference proteins ZH5 2 A7 RIE MR 2R, 45 R o, HIWEERHGSH&EAFRFI 5k A
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Shewanella waksmanii ( WP _028774034. 1) . Haliangium
ochraceum ( WP _045118766. 1 ) . Haliangium ochraceum
DSM 14365 ( ACY14264. 1) . Psychromonas sp. psych-6C06
(WP _ 101106907.1 ) . Opitutales bacterium TMEDI158
(OUW17800. 1) . Alteromonadaceae bacteriu ( PCKO7151. 1) |
Gammaproteobacteria bacterium TMED134 (OUV79830. 1) #ll
Zooshikella ganghwensis( WP_094785829. 1) (£ R B - D -
R T TR S Tl A S M 2L A T 0 Y 90 03 ) A
57% . 47% . 47% , 44% . 41% . 40% . 40% F1 40% I
AL, B ASSEIN 608 35 DR G % 7 400 Ao 46 95 e 2 A i
TR RR ALW1 463358 I 27k 1t P 1) -5 HLAD 1 Bk
TSR B R Tl P 9 A T L XS, 2R AN 18T 2 B, 4%
AT R R PR ALW1 45 B 2% TG AlgL14 Fr 51 5 HoAb
SN I R R DR A8 S e 2L Bl TP 9 AT R
SR, AR (WK 3) WoR, W 2% S PL-14
KGR R A B R LR, JBT PL-14 K
TR B S i

40
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FEDH AR 1Y PCR 77 W) X 52— Hg 78 e 24
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Notes:M—DL2000 DNA marker;1—control of PCR

products without addition of genome template;2—

PCR products of alginate lyase Algl.14 gene
B 1 #BERAMEE AlgL14 EE# PCR =4

Fig.1 PCR products of the alginate lyase
AlgL14 gene from Microbulbifer sp.ALW1
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Fig.2 Partial alignment of alginate lyase AlgL14 protein sequences from Microbulbifer sp. ALW1
with alginate lyase sequences from other bacterial strains
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100 — Corynebacterium sp. ALY-(BAA83339)
2 L streptomyces sp. M3(2009)(ACN56743)
| Flavobacterium sp. S20(AEB69783)
100 Flavobacterium sp. HMI-01 (BAP05660)
59 e Azotobacter vinelandii (AC079344)
100 L Azotobacter vinelandii (AC078583)
5 Sphingomonas sp. A1(BAD16656)
Agarivorans sp. JAM-A1m(BAG70358)
Pseudoalteromonas sp. CY24(ACM89454)
Kiebsiella pneumoniae (AAA25049)
Microbulbifer sp. 6532A(BAJ62034)
Agarivorans sp. L11(AJO61885)
Saccharophagus degradans (ABD81807)
Agarivorans sp. L11(A1Y68670)
-_-ﬁfiwbn‘o haiiaticoli (AAF22512)
Zobellia galactanivorans (CAZ98266)
Pseudoalteromonas sp. IAM14594(AAD16034)
100 Pseudoalteromenas sp. SM0524(ACB87607) |PL-18
100 L Pseudoalteromonas atlantica (BA150574)
7 Photobacterium sp. ATCC 43367(CAA49630)
100 [Phoiobacten'um sp. ATCC 43367(CAA49630) |PL-7
100 L Vibrio sp. 02(ABB36771)
Vibrio sp. 02(ABB36772) PL-7

A———ﬂi:_— Pseudomonas sp. 0S-ALG-9(BAAO1 182):{PL p

Stenotrophomonas maltophilia (AFC88009 )

PL-7

100
16 43

&6 il

21|

58

3 Sphingomonas sp. A1(BAD90006)
39 vy —————————— Pseudomonas sp. 0S-ALG-9(BAA19848)

pp Saccharophagus degradans (ABD82539) PL-17
ég"_i{:%hmgomonas sp. MJ-3(AEM45874)
96 il

Stenotrophemonas maltophilia (AGM38186)

strain ALW1

" Littorina brevicula (BA1.22352)
100 ﬂiscus hannai (BAC87758)
3 Aplysia kurodai (BAJ72675)

— Agrobacterium fabrum (AAK90358) s
100 L Sphingomonas sp. Al <BABom9>

Cobetia marina (BAA33966)
Pseudomonas sp. KS-408(AEW23144)
Pseudomonas syringae (AAF32371)
Pseudomonas sp. QDA(AAN63147)
Azotobacter chroococcum (CAA11481) |PL-5

PL-14

100
Azotobacter vinelandii (AAC04567)
Pseudomonas sp. E03 (AT1Y22644)
Pseudomonas aeruginosa (AAA71990)

100! Pseudomonas aeruginosa (AAA91127)

B 3 Microbulbifer sp. ALW1 82K #fEEs AlgL14 MR S & & Lt

Fig.3 Unrooted neighbor-joining phylogenetic tree of alginate lyase AlgL14 from Microbulbifer sp. ALW1
2.3 EEREME AlLI4 EESEELRNELER

FI ] ExPASy 1) ProtParam T H. 734 H 19 & K I g 19 £ 1 BT 9 7781, 45 R ANT . & B ECh
449, BHE T BR/NR 48. 8 ku;y PRESERL AN 6,27, TUHLATARAEE R 43(D +E) , IERLfar Ak AL
BECH39(R +K) 5 73T A CpigHipoNsgy O Sys, JETEECH 6 7315 TN AE I AT T4 200 i P4 > e 1
KF 10 h, ARUERECN 25.21, HEHFIIIENREE A, JRFEIEHCN 70.36, KM%
(grand average of hydropathicity, GRAVY) & -0.258,

2.4 EBREHME Algll4 M- RLEMLEE
T Microbulbifer sp. ALW1 #7247 I Algll4 i) —Zhabty, g5 RuK 4 s, o - 12E., B -
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Pr B MU LI BT o5 L9043 590 4 17.37% . 59.91% FI 22.72% , %75 1 I3 40, 75 e 56 Jie 224 ik I 45 )
B, BLT 245 ~334 R AR, Z5RANE S5 PR,

10 28 30 49 58 60 70
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B 4 Microbulbifer sp. ALW1 #8358 B g AlgL14 Z R & E
Fig.4 Prediction of secondary structure of alginate lyase AlgL14 from Microbulbifer sp. ALW1

Conserved domains on [iclIseqsigMLNVY_179360090610d%927633439b80d0) View Concise Resuls v 2
Local query sequence

Graphical summary hide exraoptions « & Show ste features  Horzontalzoom: x [ [

Ny e, S R

S“Pﬂ'fa“uizs : Rlginate_lyased superfamily

Search fo similar domain arhitectures | @ Refie searh | @
List of domain hits ‘'
Name Accession Description Interval E-value
[#] Alginate_lyase2 super family c121738  Alginate lyase; Alginate Iyases are enzymes tat degrade the lingar polysacchanide alignate. . 245334 148605

& 5 Microbulbifer sp. ALW1 #52 Bk 2L iR B AlgL14 45 #15 B9 i
Fig.5 Prediction of domain of alginate lyase AlgL14 from Microbulbifer sp. ALW1

2.5 1EEREHMEEE Algll4 H=REH

¥ Microbulbifer sp. ALW1 ¥ 3 i 24t AlgL14 PEFT =25, FI Modeller 9. 15 Z B A 11
Uige, RN R ALWI 16 B 24E 0 AlgL14 B9 =045 . BitRAE PDB Fda i b iy 8 5
548 5GMT_B 3GNE_B F12ZZ]_A, HE 6 ATLAE i, Microbulbifer sp. ALW1 15324l AlgL14
BB - S, MRS HEZANREPEAT B - A, 28 - RiEBIR, AlgLld 25 fFfE—1
TL LRI (18] 6 Fik iR ) o
2.6 EERHMEE AlgLl4 HRIEZ541L

5 T 2L R S i b K TR AL B AT T E. coli BI21 (DE3) , #E4T IPTG %5 H1 SDS-PAGE
HIK M, G50 ER, pET28a(+) FikFokiffi A HIERA, £ IPTC S5, 5 pET-28a(+) B3
(K7 MIE 1) ARSI pET-28a-algl14 FAPETE (&1 7 (W3H 2) M LEL, 5T RIENSH pET-
28a-algl14 BHPERTE 45 ku 24 AW W ARG SR A RIA SR (K7 W9IE 3) . BRSNS, BISWOH
Ni-NTA agarose >EfIFE2lifk, fHE|EHAEH (K7 WiE4), /5T HE N 48.8 ku,
2.7 EABERABHENENNESR

DNS A6 30 JOHE & 1, RN ShA 4 i e R Tl AlgL14 RO BE TS D Tl e, 45 s, &
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B RLE AlgL14 ARG S 1. 14 U/mg,

—

SRS
N N~IODIN
S Do =

~
(e}

30

25
20

VLI . M—2E bR 5 1— pET28a(+H) i # ,IPTG i 5 ;
22— pET-28-alglL14 FHME B, K152 ;3— 7 pET-28-al-

( T —
: ) J T o gL14 FIYER 37 °C IPTG 5% ;4—48 Ni-NTA agarose 4lifk

4B 4
BB RN AR NN e RN

A3 1 3 71 B 1 5 A L R A S R e R Note?:M—protein mar!«.er; 1 —bactf:rium con.ta'ining pET-28a(+),
IPTG induced;2—positive bacterium containing pET-28c-algl.14,

Notes:a-helix, red;3-sheet, blue;the letters N and C represent not induced;3—positive bacterium containing pET-28a-algL14,

the respective termini of the enzyme IPTG induced;4—purified recombinant protein

6 Microbulbifer sp. ALW1 18 35 B 24 i B 7 WEKHMGE AQLI4ERE
AlgLi4 gy = sz FiEF=¥H SDS-PAGE 4 #7

Fig.7 SDS-PAGE of the expressed protein

Fig.6 3-D structure modeling of alginate lyase )
encoded by the alginate lyase AlgL14 gene

AlgL14 from Microbulbifer sp. ALWA1

3 iTig

ol PR S e S g ] LA 25 EA 2R A s R SRR . A, MR R RETEEE 2 | TR
PRI PRI T S5 T A W BB R, ARSE R, D Microbulbifer sp. ALW1 ()3 KT 20 Hh s D 47 14
T 1350 bp (R8RS BERE R B, 1 DR ) A 25 P -5 E Al D PRI VR 740 4 9 e e i EL A P A
FERIRRATE o K75 A7 he P A il BE TR 1Y) B A R R 5 (L 2 385K 15 3 E. coli BL21 (DE3), 7E37 C4%
HFRIA 0.5 mmol/L IPTG #ATIFFRIANS, HMWEFTEAMIN F L UKL, FIHERZEN
LA BIATEEAE N (45RARR) . AR, £E 12 CE&EFAIA 0. 05 mmol/L IPTG #4715 %3%
KB, AT TR EAE N, BT adres, B AW SR 2 1 .

Vo T S Bl BRI % (PLs, EC4.2.2. =) MORLEY, MRAREERIRI LS T PLs 43 22
DRI, WEEAMEET 7 A%k, 450 PL-S, PL-6, PL-7, PL-14, PL-15, PL-17 fll PL-18, K%
BN R AR A P UIAE e S SRR T PL-5 A PL-7, IR 2 BA M2 R B-D-H SR B BRI W A 45 5+
M, FEZEAFMER oL PR RIEY NS . 28 E TS BR, Microbulbifer
sp. ALW1 #5335 B 24 i AlgL14 VHJE T PL-14 G ZHESLHNG . A58, Microbulbifer sp. ALW1 i
SRR AlgL14 (973 [MZ5H0 F20h IS, FUM LS H W T A e B AT 4E R W, Algl14 254 rh
FELE— D EERIARR, X R A48 BRI o F R it A, I SIS SAR AR

Microbulbifer sp. ALW1 &35 4 il AlgL14 19 va -5 3238 il 0 iE— 20 wiF o DL Tk AR A 7=
MNHFT T RAFag3Eat . fEARKMGR T, 0] LLIEAT Microbulbifer sp. ALW1 #5718 24 fft g Algl14 19l
AR AN B R 454 5 S RERIFSE
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