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WE I THAREERENREEE KRGS, KARITTEFAT»HEE. E@éﬁ%@}%
FIS6I& 5 oA Bt kak 5 o . o B 1 2 o B v A A A% € 1 o 3 v DA B g AR R Al A SR B
RER, F LGN E— AR 0 FAL, 738 H — R Ak - IR IR A5 3 IR 2R %EM@ﬁﬁ%snnz
H T 16S IDNA 77| My & se L, 2@ 4k 4 = & Yangiasp. ST-H-12, 3 7 7% 4 B 19 4 25 2L H Alyya,
ALYYA & T PL5 Kk 4 % i 24 B, 1 25 R 7 & 3 78 £ #% Jig TIF IK B2 B (Yarrowia lipolytica) W #E 4T
Mk, T4 ALYYA W& J7 1k 2| 342 U/mL, 4T &4 % 39.0 kDa, A #5519 PolyM {414,
ALYYA 7 25C~35CH kI H 80% FHyE S, HAE 30CH RN EHREES; & pH # 5.0~10.0
Hy 98 B AR E MEAET, B E B R A AT 60% 19 7E 475 0~2.0 mol/L #y NaCl & ¥ & #7& ALYYA #7E
ZXE, RADBWS RN, R — R AR R AR

Ho ALYYA (ARG =4 £ E =&
Be, % LRk, ARARMEE — R RIEEEREMFEE A, AT/ ALY YA 23 A 6 (K 05 48 3 ik 3

M@E&%ﬁn&é’y%éﬁ%ﬂ% e o A5 N MK IR 4 S5 I B A Bl e O A T KR R T S B
KA IR B ki AR, pH BE
FESHES S917.1  XEFRIEE A XEHRES  2095-9869(2021)06-0117-08

Wi E R, AR, S A R
S A W I 2 —(Florez-Fernandez et al, 2019)., 1
HMEA M AEYIEEY R, W . AR, A
MR HEREL . ZW MY ESE(L et al, 2019a;
Sharma et al, 2014, 2016), H, WEER L HHEE T
VIR 22%~44% (W/iw), 46 8 40 i BE A 35 22 A 5
(Wargacki et al, 2012),

WS — A REY, B p-d-H B R
(M)FI a-1-ty BHERERR (G)VE Ny SR B TT 2 1, B A
i 1A AR AASRIE 256, #4 B3R i 2 WH RS R
B(PolyG). T H 5 BERE MRS - Be(PolyM) i 4y
B (PolyMG)(Wong et al, 2000)., 8 3 e 241 il 6 11 e
WY 1 A-FEFP R, TEAXHRA TR T, 48
6 8 7K Sk R ¥ 4 35 B (alginate  oligosaccharides, AOS)
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(Lietal,2019b), AOS EAHLA L . HUMsd Fn4i e
SEAE NG 7, R BT (A O 40 I HL AT T AE 1
(PNAR M4, 2005; Iwamoto et al, 2003; ¥ Pl B 4,
2001; Lin et al, 2007), 1AM, AOS XTHEMIR R A FH H
A B E WL PEEH (Xu et al, 2003; Zhang et al, 2014),
Z IR AN T T LA 7= AR AR TR R I, R
4 (Streptomycete sp.). i LI (Pseudomonas sp.) .
0 1] I (Salmonella sp.) . # FT B (Flavobacterium
sp.). ZEAFF B (Bacillus sp.) FI5R & (Vibrio sp.) %5 (Chen
et al, 2016; Inoue et al, 2016; Jagtap et al, 2014; Li
etal, 2015; Schiller et al, 1993; Thomas et al, 2013). &

AR v B R S S T, AR TR T 2 A
U2 23 i T 1 G RS 5 PR I 2R 4 7 E 4H 3R 3K (He et al, 2018,
Zhang et al, 2020), v, GRS BB R R Z 2
PRI TEMGRANMT, MM E S Y R AR
FEVEREAS A B, ELAR IR AL A IS Y XU
TRBEFE DAL 4 (Gao et al, 2018) . {H Hy T i it 3 i Fa
FE 25 FLTE A, 230 1048 38 i 240 i O e 2
Tl oK Bt 7 B0 e AT A Tl T A R Y
BTG M R AR A8 P e 24 A il

AW L B IR FE N Yangia sp. SJ-H-12 fig
PEARTR S5 AF T 40 D040 5 JEC SR e il , o At s o G 284 ik Tl
WSS Alyya JF 78 B i P A% 1 2 g HIS QB2 B
(Yarrowia lipolytica) H R ik , 43 Wb %) # 8 Jic 224 fifk Tilg
ALYYA BEAHIFHIR R EERM pH F2EtE, Al
TGV R ER B, O AT A A A T SR, AR
ALY YA 1] Lk e 356 2 Bt it (/) A 30 T HL

1 #wREFE
11 BEHRESEE

ey B B A g B AE A (F 5) . PolyM Al
PolyG 4 H 75 & RN 1 AEM B ARG BR A, 43ih 3k
KR RS HB ICEE B R 40, URA-TH R A1 ik 2 1A
pINA1312 iy EE I KA IR W e . 7E LI
TS B — B R Y ASC(H T TR P — Rl U5 55 97 3
alginate as sole carbon source)[ A 1% 55 3 v i BE Fl K%
TR R I F bR . ASC B RIS 10 g/L
EBEICAN . 5.0 g/L (NH,),S0,. 1.0 g/L MgSO,-7H,0 Al
0.1 g/L FeSOy, M/KELH] . 7654 1.7 g/L BEh: IR A
PR, 10.0 g/L #jZ5kE. 5.0 g/L (NH4),SO, fll 25.0 g/L
HURA YNB AR b i 26 i g HI [Q B2 1) 7% 4k 1 (Madzak
etal, 2015). GPPB #5575 T E 4 E ™, 0% 30.0 g/L
HIAIHE . 1.0 g/L (NH,),804. 2.0 g/L BEREZERA . 2.0 g/L
KH,PO, . 3.0 g/L K,HPO, 1 0.1 g/L MgSO,-7H,0, pH

H9 6.8, 2216E BEFEIEALT 1.0 o/L BERFZEW) . 5.0 g/L
FEHME. 0.01 g/L BB 20.0 o/L BHR, MK ECH]

1.2 PR8I K R B T AR B 0 8

X SR B 1) S 4 ¥ AT (Saccharina. japonica) R i fifi
FHCHHEKEBE 3 Y, I 0.5 mL JCTHE VAT R R )
W, FREIRATE ASC A, BT 20°CH5% 7 d.
Ay ESAS B TRE R 2 ASC AR FREE T IfAE
20C T HEF% 48 h, KEE LA 5000xg B0 o L) 0.5%(W/v)
M BE SR TAE MR, R DNS(3,5- - fi 3 /K% 1R)
TG I S SR TE 17, 1 U RS 2 R 1 min 77
A= 1 pmol 38 JEORE BT R B (R UL SR AR, 2008) . 431 H]
FI B RETE & 30% H 3l A 2216E {7 Fh I H—80 °C 145

1.3 BEMEE

PRI S E R T 2216E AR R 7R b 1 5
2~3 do WEAMEFEENL | mL RS, BUEIR, 95°C
PRIE 5 min, BEEEANMIFERCAN A DNA, {4 PCR #
# DNA, #5149 27F (5-AGAGTTTGATCCTGG
CTCAG-3")F1 1492R (5-TACGGCTACCTTGTTACGA
CTT-3) Y B44HH 1) 16S rDNA, XEHKK) 16S rDNA
HEATIN Y . 3 BLAST, 5 HAh 16S rDNA J¥ 517
Fe# o ffiH MEGA 7.0 84 R#% Neighbor-Joining fY
TIEWERTLEW.

14 #HBERIEE ALYYA NEWMEEREST

SI-H-12 THFRFEF L] DNA B 5¢ BLil e Fnid: B (%
RECR) . FFIIaH R, FREATELE 1 DIBTER
ey s 24 LA, K/ R 1113 bpo fifi ] SignallP 4.1
file 55 #% (http://www.cbs.dtu.dk/services/ SignalP-4.1/)43
Mrfs 5 Bk 76 & <7 380 846 )& (https://www.ncbi.nlm.
nih.gov/cdd) P HEATEE AT ; AR TN ERIS pl Al
MW (http://web.expasy.org/compute_ pi/). F&THRIE K
W EE ISR, (i MEGA 7.0 S {4 #R 4 Neighbor-
Joining M T EM R G KB .

1.5 ALYYA MisribRiz54i1L

Xt Alyya 3 H T %S b, %% XPR2 {55
JIKFLH (Synbio Technologies, H[E), & hAY DNA K
B R pINAL312 JTUkL, F T4k URA i Pk . 7€ GPPB
(glucose in phosphate buffer)y /At 77 K 30°C 15 5%
84 h, AN E B FE AL T 1048 38 e S G 0 o B
Pk M34 LSRR pH A 7.5, SRJGINE Ni-NTA Bt

S BE A (GE Healtheare, 26[H). % ALY YA [iff i 3
BEERS, FHBRMEA VRS . H 12% W) EERE SDS-
PAGE %0iF ALY YA B4 & Fl53F1& . A polyM .polyG
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A EIEENIEY), WF9% ALY YA B4 e ik .
1.6 SEEEF pH Xt ALY YA i& A& E 48 20

TEYRE A 10°C~60C . pH=8.0 1 10 mmol/L H
RAIR-NaOH ZZ i H AT ALY YA 1AL K it S5 1 o
DU 3 LAS A S FE OB R o W iEAl ALY YA AR
EVE, etk ALY YA 78 10°C~60°C R 12 h, 28
JETE 35°C MR FARTE S, 7EAE pH #Y 10 mmol/L
2% WP [Na,HPO,—F7 16282 (pH 3.0~8.0), H & #2—NaOH
(pH 8.5~11.0)]H, il #5483 BEMS I WAE MKW o i X
AP R G V) 5 il T ) DA A et RN pHL. AT
fETHEEARTR pH P T 4°CIEE 12 h 5 R4
ity 16 1 ok A pH MRS E M . i MR 3 K,

1.7 NaCl % ALY YA & 10

BE il 0.5% (w/v) 48 35 4 W (pH. 8.0), 433 A
ANFE Y NaClo LUIAS[F R B 048 B8 IS TN IR
IMAZERR ALYYA, 78 35°C NIEREE 11, W50
NaCl % ALYYA i 1 5200 .

1.8 BN

Bralifb iy ALYYA (40 U)fiINA 10 mL. pH 8.0
0.5%(W/V) 8 8 IE AT, 35°C R S 40 min. % 5 min
oG BE AT 235 nm ARG . S AL RIROGEE YRR
ERF, KR )@ i ESI-MS B E R E
(DP),

75

Yangia sp. SJ-H-12

100

—
0.020

2 #HR5WR
2.1 PRI R A B I R Y I I

JNEREL AT R Loy B B 46 BRI TR . Hod,
7 AHRE 20C FRETE ASC Fh LA, BiHH X LT
PR AENE = A AT TR A i e 24 A i . ST-H-12 TRARTE WA
ASC K5 5L BB 43 W B 5 116 7 4 s S L 35 5
2.44 U/mL. 7F 2216E VAR I, Btk SI-H-12 (7%
e HANEY, 2L 6, BIE RE %55 (K 1a);
BB, XS ANERIZ(E 1b). Blast Huxt
TR, H 16S rDNA J¥ 9] 516401 Yangia J& AH
RUEZ TR . BRI/, Wtk SI-H-12 &5 Yangia sp.
CDJ15B-A02 7E [ —4332 [ (¥ 2). Z7% Blast FIR%E
REMIILEE, AR SI-H-12 J& T Yangia J& , wrés h
Yangia sp. SJ-H-12,

K1 SJ-H-12 B -1 B VR 25 (a) MR R T 25 (b)
Fig.1 Plate colony (a) and cell (b) morphology
of SJ-H-12 strain

MK411257.1 Yangia sp. strain PrR004 16S ribosomal RNA gene partial sequence
JQ691607.1 Yangia sp. ND218 168 ribosomal RNA gene partial sequence

g9 |! LCO076758.1 Yangia pacifica gene for 16S ribosomal RNA partial sequence strain: JCM 12573

MN435723.1 Yangia sp. strain CDJ15B-A02 168 ribosomal RNA gene partial sequence
JQ691608.1 Yangia sp. ND240 16S ribosomal RNA gene partial sequence

NR 109745.1 Yoonia sediminilitoris strain D1-W3 16S ribosomal RNA partial sequence
EUO016198.1 Antarcticicola litoralis strain IMCC3295 16S ribosomal RNA gene partial sequence

MH325951.1 Bacterium strain B4 16S ribosomal RNA gene partial sequence

Kl 2 JET 16S rDNA JF#5ILL Neighbor-Joining )75 IE A4 i R S84 7 B (LU RS2 0.020 FY 38 A2 B 29)
Fig.2 Neighbor-Joining phylogenetic tree based on 16S rDNA sequence (The scale bar indicated a genetic distance of 0.020)

22 BERKRAMEE ALYYA EMEEESH

PR ST-H-12 By LR AL A7 AE 1 AN TEAE A v e
SR B gL R o R R EAE F 1113 bp 1A%, it
370 MEIEBRIE R (MT533612), Z Mgk 4

ALYYA, Ifitfrit— A 15 B 2% Hr. ALYYA
MIHT 23 NEEREF TR, S0WEE—3, 8
Fo G, AR5 M (pD)h 4.00, F3F it
(MW)% 38.1 kDa, 7E NCBI F2rHr & ¥, ALYYA H
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AR LI I E ALY YA BIZEEAL B, R
It 2 BE R ) 0 HC A € i 30 1 4 8 P 2R ik i A o T
ARG LR AnE 3 TR, ALY YA 55 Pseudomonas sp.
EO03 ) AlgA F1 Enterobacter sp. FY-07 (%) AlgL {3 T[]

7 FWRPLTFI 17 ZJE(PL17), T AlgA #l AlgL ¥1J8
T 5 KK (PLS), HA polyM i Btfilf 14 (Inoue et al,
2016; Qin et al, 2018; Uchimura et al, 2010), ALYYA
MR IFE T PLS S5 BER R B O BIF 7T, R R

— I3 o ELAIRIE ) 2 RN R I SR Tl I T 2 M I A

79

A BRI polyM A Bt fwdr % .

AlgMsp Microbulbifer sp. 6532A (BAJ62034)
AlgNJU-03 Vibrio sp. NJU-03 (ASA33933)
Aly08 Vibrio sp. SY01 (QCX08462)
AlyL2 Agarivorans sp. L11 (AJO61885)
Alm Agarivorans sp. JAM-Alm (BAG70358)
AlyPI Pseudoalteromonas sp. CY24 (ACM89454)
Aly1281 Pseudoalteromonas carrageenovora ASYS5 (QHR78428)
A1-II Sphingomonas sp. A1 (BAD16656)
AlyA2 Azotobacter vinelandii D] ATCC BAA-1303 (ACO78583)
PA1167 Pseudomonas aeruginosa PAO1 (AAG04556)
Alg2A Flavobacterium sp. S20 (AEB69783)
FlAlyA Flavobacterium sp. UMI-01 (BAP05660)
83 alyPG Corynebacterium sp. ALY-1 (BAA83339)
Alg Streptomyces sp. ALGS (ABS59291)
Alg Streptomyces sp. M3(2009) (ACN56743)
—— A9mT Vibrio sp. A9m (BAH79131)
100 —— AlyVOA Vibrio sp. 02 (ABB36771)
83 — AlyMG Stenotrophomonas maltophilia KJ-2 (AFC88009)
100 L TsAly6A Thalassomonas sp. LD5 (ATB23536)
88 — alyPEEC Pseudoalteromonas sp. 1AM14594 (AAD16034)
100 L aly-SJ02 Pseudoalteromonas sp. SM0524 (ACB87607)
—— Algl4M Saccharophagus degradans 2-40 (ABD83173)
100 L Alya7 Zobellia galactanivorans DsijT (CAZ98462)
100 alginate lyase Hydrogenophaga sp. UMI-18 (BBH51062)
— 1 0alS17 Shewanella sp. Kz7 (AHW45238)

30 Alyya
TO'E AlgA Pseudomonas sp. E03 (AIY22644)
AlgL Enterobacter sp. FY-07 (AMO49514)

100
A1-IV Sphingomonas sp. A1 (BAD90006)

7 { A1-1V Sphingomonas sp. A1 (BAB03319)
100 Atu3025 Agrobacterium fabrum str. C58 (AAK90358)

94

56 100

B3 5148 v s 24 g 2 LR )7 S A4 72 (1) Bootstrap consensus R 58K &

Fig.3 Bootstrap consensus phylogenetic tree based on alginate lyase amino acids sequence

2.3 AlyyaysribRix 54t Kl 4b iR, TEVKIE FRA P50,

FEZH 39.0

FELMERRGE Y, K 5008 P I 44 i AE K AT i
(Escherichia coli)1 33k, SR, TR H#53MW
RE155 . AN R HEA RS RY i, KA
PR % 15 48 i I 24 A i E Tk AR e sz 1) T PR
(Miyamoto et al, 2009), ABFFELE R b e 3 ik fig i
CEERE R RIR T ALY YA, X E—FP) 32 (i) 5508
6 ¥, HA AN UEE S (Madzak, 2015), HALHE
PR M34 5 7m H f s i A AN o IRl 4a R, AE
GPPB JEFsriEs: 60 h 5, EAHEM M34 g
ALYYA i /1353 342 U/mL, WM 162 g/L. I
SN E TR R (2.44 U/mL)AY 14 £5%5 . M E3E
Wrhaife ALYYA #H, Jf# it SDS-PAGE 434, 4

kDa, 555 AR TSN EA His brsis3)
FIEE T i . Ak ALY YA X8 S LAY FL s 1
4 676.4 U/mg, 1%}t polyG H EBAll polyM F BLi) b 1%
F150 901K 213.2 U/mg F1913.6 U/mg, 45 SRIAE T 4=
Y B 2F 00 ALY YA X polyM A i (9 Fii .

2.4 ALYYA HEFEFD pH $iE

TERGAEAL LR b WF5E T ALY YA RORG# PR .
e sa fiR, ALYYA SRS 7E 30°C bR ;
FE 25°C~35°C Z A E] 80% LA I e & 710 41k
FETHZE 40°CLL LI, 360 2R F e, BRI 10°C
1 20°C T BAEARIE 7153 50 A S S Y 53.2%F11 38.4%
fIEF 35CH, ALYYA Jed R 7 40°C FHHE
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ALYYAWE S
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s 8
H: Y& Biomass/(g'L™)
15

1 1 1

0 12 24 36 48 60 72 84
f 18] Time/h

B4 BRI 19 ALY YA 15 7 (¥ i8] 2R (a)
Falifh, ALYYA 1 SDS-PAGE 43 #7(b)

Fig.4 Time curve of ALY YA activity secreted into the

culture medium (a) and SDS-PAGE analysis of purified
ALYYA (b)

B ET 3 4 FAT; M UKIE R R R b
TKIH 1 Fonaifbi) ALY YA
Data were based on 3 parallels; Lane M represents pre-stained
protein ladder; Lane 1 represents purified ALY YA
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Bl s RRELEEXS ALY YA 1 ) (a) RS E 1 (b) 1 2
Fig.5 Effects of different temperature on the activity (a)
and stability (b) of ALYYA

2 h G, FRY 60%01E J1. T 45CHf, ALYYA
TR RERTE S 2B BRI 2R B AEZ) 40°C R HL
ARG S, AR IRAE P AR AR LT 35°CHb A
B B AEALTS F1, 7E 20°CHEEA TS 18 50%
DL b o M7, MICHER T Tk A 7= A R S A 48 e i
S, HARIE W SR A g2 8O iR . 58
ZEAE DB A B AR B AR L, ALY YA 7E 20°C

A A3 0B g, I HAA AR e (] 5b). ALY YA
LA A [ i M 8 G 110 3 780 T EL

K 6a ik, ALYYA % J17E pH 8.0 I &,
HTE pH 6.0~9.0 I8t 80%., t4h, 7E0HE 12h )5,
ALY YA 7£ pH 5.0~10.0 975 Bl N - B TS 60% 1915
Jio AW EEA pH {E[F(3.0~11.0), #H 12 h
JEHURER T 40% LA 1 135 7 (&1 6b). i 40 TR K I8 145
B 24 figk Tl 22 B0 1) T AR v P B O A Ak KRR B
(Mochizuki et al, 2015) -5 HAth A1 1 48 8 e 224 i il AH
Fo, ALYYA 7EH KHY pH 18 Bl 2 B0 AL 1.
4N, TsAly6A Fl AlgNJU-03 1 pH K 5E 3t BBl 43 54X
} 6.60~8.95 Fl1 6.0~9.0 (Zhuang et al, 2018; Zhu et al,
2017). EBr b, ALYYA 9 pH &g u Bl E ZE L rhiR
1 PR 4R AlgNJ04 AR (Zhu et al, 2018) X Ffr
MAFR pH B @Ml ALY YA 7] LIZEA RIS T 58
A R TG P R AR BRI Ak . S5 4h, Pseudomonas
sp. E03 [ AlgA [F#EJE T PLS Fi& , feidh [ b i h
30°C, il pH A 8, HAWFGH ALYYA ) pH
AR LRSSl (Zha et al, 2015),

120 a
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FXHE S Relative activity/%
Y
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100 -
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HAXTIE 77 Relative activity/%
[\ S
(=) (=)
T T

(=]

Bl 6 A pH X} ALY YA 1 7 (a) Figs e P (b) 9 52 1
Fig.6  Effects of different pH on the activity (a) and
stability (b) of ALYYA

2.5 NaCl XI#EgiE W HEGE1ER

W 7 fiR, NaCl 7E 0~2.0 mol/L ¥k FE R el
B W35 ALY YA #9367 o 7E 0.75 mol/L NaCl # & T,
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ALYYA 3% Pk B 5% 55(290.0%) . NaCl k2508
P AR 0 TS AL AN TR, #E 1 mol/L NaCl
i, AlgM4 1§ F1 e JE NaCl iH4in T 7 £% 42 45 (Huang
et al, 2015), 7E 0.3 mol/L NaCl Ff¥) Aly08 i% f1 /2
NaCl Y 8 {57545 (Wang et al, 2019), #LZ T,
ALYYA FI3E 8 REEE , X NaCl AR 455, 5
AR AR . AR | S RN T 1545 21 A9 48 B 1)
AT FNER BEY A BRI 5. Bk, ALYYA J&—Fpm] L
T8 AN [ ER B A, e AR I TR R

300

S w o G
(=) S S (=)
*« T T T

FAXFIE 7 Relative activity/%
wn
(=)
T

1 | | | 1
0 0.5 1.0 1.5 2.0 2.5 3.0
NaCl#¢# Concentration of NaCl/(mol-L™)

Bl 7 AFEHEE NaCl %t ALY'YA 15 71 (5 1
Fig.7 The effect of different concentration of NaCl
on activity of ALYYA

2.6 BBIRSTYISN

i ALY YA JK i 3 M 40 min, YRR
AN RRERT, Bt B F ESI-MS K=y,
7 HR, PR EE R THE351.05 m/z), B
A3 BAE(175.00 m/z) Il = K5(526.90 m/z)., K, ALY YA
2 — T P T R i SR A it o T TR A PRI 2L Tl Al
H1 AlgNJU-03 7= 4= () SE 0% 32 2L DP2~DP5 (Zhu et al,
2017). ALYYA Al &8 F R i s, A WNTE
259 o T 5

X1 (% | — ESI Scan (0.13-047 min, 44 scans) Frag=110.0 V 2-5.4
28k 3510
24+
%2 i DP2
1i2 i 373.0
0.8 DP1 3209 - 5269 DP3
0' 4l 175.0 h JJ 450.0472 o i 4‘2“‘549.0570.9
! A NP PR o O O S

160 200 240 280 320 360 400 440 480 520 560 600
Counts vs. Mass-to-Charge/(m-z™")

K8 g ESI-MS 7347 ALY YA R fift 1)
Fig.8 Analysis of degradation products of ALY YA by ESI-MS

3 #Hit

ZE BRTIR , ARWFFE b T — il A B0 I IR 46
SRR S N, JF0 HEAT T ML Ah o AR kA

FiF5E . ALY YA FEHRE N 25C~35CREERBE 80%
LRSS, HAE 30°CHERIH fmih fr, g
PRI TR 4 5 Jioe e it 5 L A , ALY YA 7E pH iy 4.0~10.0
FITE RN R T 70%Lh L RITE F1, 78 pH i 3.0~11.0
FITE RN PR T 40%LL EE 71, B pH BUEiE Rl
EE A R A S 2R R, RIS pH RRUE I
WAL, ALYYA J2&— B0 AT DL N A [ 5 B 1 il
FERT A AR F R ERE . L, ALYYA WRIAR
S Tk B AR T H

L % X M
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Secretory Expression and Enzymatic Properties of L ow-Temperature-Adapted
Alginate Lyase from Marine Bacteria
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(1. Shanghai Ocean University, National Demonstration Center for Experimental Fisheries Science Education, National Pathogen
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Fishery Sciences, Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural
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Abstract Low-temperature-adapted alginate lyase has unique advantages for alginate oligosaccharide
preparation and brown algae processing. Producing a low-temperature-adapted alginate lyase with better
stability remains an urgent need for industrial applications. In this study, to screen for a low-temperature-
adapted alginate lyase with good stability, we identified and isolated marine bacteria, by cloning and
analyzing enzyme-encoding gene and secretory expression and purification of enzyme. The effects of
different factors on enzyme activity and stability, as well as analysis of enzymatic hydrolysis products
were evaluated. Results showed that the marine bacterium SJ-H-12 is capable of secreting low-
temperature-adapted alginate lyase when cultivated with alginate as the sole carbon source. An
evolutionary tree was constructed based on 16S rDNA sequences, and the strain was identified as Yangia
sp. SJ-H-12. Furthermore, the gene encoding the enzyme ALY YA was identified as belonging to the PL5
alginate lyase family. The gene was secreted and expressed in Yarrowia lipolytica, a food-grade host. The
activity of recombinant ALYYA reached 34.2 U/mL; the molecular weight of ALYYA was about
39.0 kDa, and it had a strong PolyM preference. ALYYA showed more than 80% vitality at 25°C~35°C,
with peak vitality at 30°C; it demonstrated good stability in the pH range of 5.0~10.0, with more than 60%
vitality remaining after incubation. NaCl could activate the activity of ALYYA at a concentration of
0~2.0 mol/L. The products of ALYY A-degraded alginate are mainly disaccharides and small amounts of
monosaccharides and trisaccharides, resulting from its endoalginate lyase activity. In summary, a
low-temperature-adapted alginate lyase-producing bacterium was screened, and most of the alginate
lyases found were mesophilic enzymes. This study showed that ALYYA is a typical low-temperature-
adapted alginate lyase with excellent enzyme activity and stability, providing reference data for the
screening and industrial development and utilization of low-temperature-adapted alginate lyase.
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