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Y5 ERs A ARES 5 FEE £k Microbulbifer sp. SH-1 B9 E. £EX
Hrig A Mmi

wa s, e

VA RO RE R IR SRS, R T 510642
2R A SRR RO E RS, UK M 510642

WE: [ By ] ik — s R = - ek, FRmat Ui B 2 P2 T iR IR A G o [ ik )
DA T 5 T ) Ay P — %ﬁmm%g,ﬁm@@m@ 5 39 SR W EA T T e RN 408, AR A5 5 R 2 it il
FTEE AR RIEIEAS . A FRAEALRRAE I 16S rDNA P A Mt B BB RRES 7485 5 AR5 18 1 B R ZORN IE
AR N FL PR S AT AL . [ 455 ] T Sk LNk nE (CPC) L (/8 5] 4 kkB B B 5 1 75 B A% L (i
(D/d) > 3 I FI Pk ; DNS HRIAE 4 TR ik K TV s e R S TG 77, FLrh BRIk SH-1 1) g 86 19 4 ik Tl 1 Pk
B, 5% 315.52 UmL; ZIE4 . A= AR AL FI 16S rDNA I F % , #4444 4 Microbulbifer sp. SH-1;
T R R ANE SRS A, 0 2% A R I W R AR - VB PEIREN 10 g/L, NaCl5 g/L, (NH4),SO.
5 g/L, MgSO4 0.2 g/L, K,HPO, 1 g/L, FeSO, 0.02 g/L. W7 &bt — b4 R I, 1EWIth
pH 7.5, R 32 °C M4 T, LA 1% A9 FER s SH-1 BERRZA 50 mL ik K559, 240 rimin 38 T ¥k
VikEgE 24 h, SH-1 Bk B RIEPE AT 1k 757.90 UimL, FeAiAbrTides 1 2.4 5. [ 4518 ] SH-1 &4E™
FE 2 PR AN, Ay T T8 T SR A TR 14 R I T 5 A B B IR 2 R A 4R 3 1 i e it A E TS A B

KRR EEEIRATNE, BOLW, R

WEE AT AR, AT TR il BRI, A0 TY SRR 30%-60%,
AR L 20 S RO S R R B T TR AN R R LG Y i {%@&IEEEBD
W T HARR A A S, B ORI HEERERERR (B-D-mannuronate) & H: C5 224 A 1A
HAEWMRSAYEEY R, RRREGHEEZ ™ o-L- 7 Z P58 R (e-L-guluronate) P F 5. {4 i 11
MR BRI, Hiy, WEEEERGS TR,  LA-BHEE R A W w2, BRAEE
HAT ZHmmat, w2 s b S8y 1000-10000 Z @B, Hf s 3 flaik. BHE#

REE&WB: EFEAHLHI(2016YFD0200405-5); |~ A4 FHL 1115 H (2019B030301007)
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YrkS B HEA: 2019-06-19; fE£[E HHR: 2019-10-09; M4 AR HHEA: 2019-10-25
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PEEERR (polyM), 3l B BEIERR (polyG), LA I H &%
R R 1ty 5 B R T F ) 2% 3R 0 (polyMG)P®) 4%
T =Rt | i R KN By et fie 1 e s IR ) 7
Z T, BORk S B AE SRR, IR R
) WG it = W e S S W, H PR I A TS P A )
RE, anpTeALTEPE . BUATE . PUMIR . Sy
SO DR, S T SRR R A T T
Yy, (HSH— B IRARNS

SRR AR D A 7 X SR IR . B . A
fift DR A L R A i 101 R R
SRR SRR SN, AL B S SO AL AR
AMEFIR BTN, JFAEARE E R 5 C4 F1 C5 2
[T S U 3 — 2 g S il e i SIS 2L
A, DRI A 5 e S B L T A R A
A BV, B A A S R YRR S 15
/N BB WE 40 (RAW264.7) 43 W5 9% 34 38 X 1
(TNF-o), T R 7K fiff il £ () A A 40 e SE M0 L5
R, SRR KRR, gAY
B A R R . ROIRABRR A, @EE T L
b Ak ] 54 AR SR

SRR R R IR, MR 2R, B4R 100
oA S5 1R R 2R T DV RN Bl L2 1 L YR AR
P FER SRR YR b Py B BE L ERER
iAo, VA 58 PR SR A O 7 7 T 43 B
g AN A, i D) O 2nT 43 S N DT A AR )
it , i PR O 41 ] 0 Ry SRty OB RE R T — 1k il
B B IR — VR LA B U REBECT, e
21 0 - P 200 A A T TR 2R S Tl e S R U
1N A1 7 & (Flavobacterium sp.) . 7 VE3K B (Vibrio
sp.) . 1M J& (Isoptericola sp.) . 1% 5 fifl 14 &
sp) Mk 2 B B OW J®
(Pseudoalteromonas sp.) . & {644 % 14 (Streptomyces

(Pseudomonas
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violaceoruber sp.)25 01823 ok, H AT E A A
) VR R SR IR SR A AE A S PR AAIC . FA
{7 A5 B — ST, R T A A T PR )
YR R o DRI, 07 32 v 2530 A A 40 T S 1) T T
AR GV R U AR A S R T, =TT
RGBTV, IRR LS EAA B i 42 1) wh SR
SROT AR5 WA VP T VA oA DX RS A1) - 49
Hh i ok A5 ) — Wk R I R 2 A T 1) RO
SH-1, ZWMR™ B A BT (B 50, BEVEMER, BT
KA R A Y B RE T sZ e, X kR SH-1
(7= W A A RIS, i S T Al 1l Ak
7RI FH SRR 2 0

1 HR A7k

11 Kb

111 MOBBRIR: W, SR A e NI R
X (117.95E ; 24.15N), 4 °C {#f%.

112 BRI (1) EERFRIL(g/L) RN 5,
FHME 1, NaCl 15, (NH4):S0, 5, K,HPO, 1,

MgS0,4-7H,0 1, FeSO,-7H,0 0.01, pH 7.5; (2) ¥
ik I (/L) MEMERREN 10, NaCl 15, (NH,),SO,
5, K,HPO, 1, MgSO,-7H,0 1, FeSO,-7H,0 0.01,
W 1.8% (WV)RIBUIE, pH 7.5; (3) iRk
SO SR EE RS AR, RO IABIRE; (4) Bl
FRiFRHEE(Q/IL): MR 5, NaCl 10, BERHERM) 5.
113 FERRIRAGE: RN AT S A
eG4 BN 7] 5 16S IDNA 51 fAE T A9 TR (F
R B BRA FIA R AN 3L 24 DNA $RBGR
F&x . PCR =Wy NG & F AR TAEY) TR (L
W) Ay A R W SEge oh F T K s B TR
A, ¥ H TaKaRa 2wl 5 A5 35 0 == 4
Mrali.
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I3 EEETH(UV-2450), Shimadzu 2] il 1 ;
{8 I 3% PR (BSD-YX(F)3200) . Hi, $A 1A ¥ 5% 55 46
(BPX-82), #¥ft I./EH (BJ-1CD), [ ifFidi sk
ATl AR EEOHL(HC-3618R), AL
FEREF AL A R A wl il B ERER RS
(Tanon-4100), _Lifg REEFHE A R Al ; PCR
i (MyCycler), Bio-Rad 7wl ; 8 &K 7554
(HWS-5A), i i 3R 5 48 A FR 2w il i o
1.2 PFABRATRIE

(1) B4 FRECR A s i 37 4 DX B 3 e v
15945 100 mL KEKIEGHS) . WHL L mL &
WAHERNT 50 mL/250 mL &4 R 53k, 28 °C,
180 r/min Z&A T HEH = 35 FF 48 h,

(2) WO : K N R IR 1071077 B
Fke, SRIEK 1071077 Fi BRI B4 BT VRLVAR A 11400
BR3Pl -, 28 °C fHIRERSR 48 h, WEFA I
MTETEIEAS, PRI KR DL A 1 B A -
£, vE—aiifk, FIH 10% (WIV) EAC ket
M mE X 0 S0 A TR v e, MR I B B 5 T V5
TR LA, 05 DR DA PR o e e B 11 g

(3) AL : Phikeids IR 5 I 7% B AR HUME R
Ak, HEA 50 mL Z i SRk, 28 °C . 180 r/min
gt 240 J5, K AT 4 °C. 10000 r/min F&44
TG 15 min, B EIETRF ] DNS 600 5 B
AT 7 32 1 T P 2 e B TR D o SRS AR T
TR A R B h 20%, {175 T—80 °C M 7Kk4E
el
13 HHRIEE
131 BEFWERAERAENLEE: HETHEH
R TR AR TE o G [T AR 8 7 Bk X2k, 30 °C Hi3%
48 h, M FE AR IR FIVEIEAS . FJe B
5 TR R 1 TR AR S A T B O AR (B 2 IR 8

2o WA A ALAIESE S IR CH LA R 5
YT B4,
132 O FHEWHFERE: T ANGE R 20 et
PR ST Z AN B L 4, SR 05 R FH AN 16S
rDNA # 5 1#(Em 5149 5-TGGCGGCGTGCC
TAATACATGCAAGT-3', [ 5]4) 5-TGCTGATC
CGCGATTACTAGCGATTCC-3)) i/ 47 16S rDNA
f) PCR P38, P H4F2F K. 94 °C 5 min; 98 °C
10s, 55°C30s, 72°C 1 kb/1 min, 35 MEHF;
72°C 10 min; 12 °C f#ff. 3R1FH PCR =23
i EISGR ) & 4 A5 5 TA TEe s A s 3, )
AL UL, PR BAPE R R ) A5 AR
Yy RE B A RS w1 T o R R g R R AL F
GenBank #(#E/E, FEFIH Blast #2744 %R [FHT
B, 35 H RIS s ) BLRU BRI AR 1) 16S rDNA J751
Zx 4, FH MEGAT. 0 #{:F]H Neighbor-
Joining LM R 45 Kk B,
14 HEHRAERKMZNNE

H PR I B AR B AR T 15 3R PG4k, RRA
P RXHON, B ARA 50 mL Gk IR
250 mL FY=fAjirh, 28 °C. 180 r/min &4 T ¥
ViREE, B 4 h BURE, 7E 600 nm Ab N I
) H A KRBT
1.5 MGFEERRAFRGTE M E

K DNS ek, B0l mL HEER, i
AFIEEA 0.9 mL 0.6%i% BRI (] pH 7.5 1)
PBS Z¢nik i)y L (4, FE4MES), 40 °C
IS F 58 10 min &, fimA 0.5 mL DNS i
W, ARG Tk KIE & 5 min, RAGERE
10 mL; =5 A& B KIS IR AR . 85 T
540 nm T &S WOEEE . B T ERAL(U)E L
H: BT A L pg I EREITTR IR . R TR
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it % 7 B E XA B 2 T R T VR TS B
(U/mL),

AR TG 7 - g SO0 2 Hp A v P T S
7 100%, HARAAE N BYBEE 75 B s B 1Y) LG
SRR T T
1.6 F=EE&KMAIL

AT LA 0 Y A B TR A o 1 e s R
RALZE R T IE SR . WFFTR IR A2 Rk
IR IR U BE . NaCl S Hoft TCHLER K e fir 45
XoF AR B RE T (R o AR B DR 2SI A Ak
VEBOW SRR . (NH,),SO,. NaCl 1 MgSO, i#
FIVUE R =P IERS IR, B e 97 54
P MRRE RIS T, WF5ERE SR pH. B3R E
R | BEWREE . AN ARG SR AR N TR R B Y

2 HRFAH

2.1 UG BEPRE R AR K I ik

W E RN, RIS 12 MR AT TER) I AR 1
Frhk I A B P A T bk . PRS2 d
JG, G Nk R e (CPC) YLt & B, 75 W el /1
7% B A2 (D/d)>3 A HRSE 4 R, 20lg0 5 SH-1.
WGD. WGX HiI RL, ' SH-1, WGD. WGX I
FkA Microbulbifer sp.i# @ (R #JE), RL HikHN
Isoptericola sp. & )& (F &), WA 1, 3 1. RL
Wbk DId B Ky 4.13, B B8 H4%2 D o4 11.11 mm,
WY& EAE d Ry 2.22mm, B3 1, CPC Y]]
A A T B TR SR IR RE ), SRS REME
TRAE RS 1R K N BRI, R 4 TR R T
TR, JE— PPN R AR T BRI RE T o

AU
Bl FE=EEREMBEEK CPC RELER
Figure 1. CPC staining of different alginate lyases-producing strain. A, E: SH-1; B, F: WGX; C, G: WGD; D, H:
RL; Bar=1 cm.
* 1. AEIGEREREMBE~EEK CPC RBERE XK
Table 1. Comparison of the sizes of transparent rings with CPC staining

Strain number Genus D/mm d/mm D/d

SH-1 Microbulbifer sp. 29.49+0.89 7.14+0.16 4.13+0.11

WGX Microbulbifer sp. 21.83+0.65 4.98+0.14 4.39+0.12

WGD Microbulbifer sp. 23.92+0.50 7.46+0.23 3.23+0.12

RL Isoptericola sp. 11.11+0.86 2.22+0.19 5.24+0.52
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2.2 MEEMRAEIEE I E

MR AR IR R MGG, W K EE T
TR R R RS 2 o Anf&l 2-A iR, SH-1, WGX,
WGD B fRA KB ERC, 5557 4 h i AKX
B, 20 h gt AFaEW, 28 h gt AT, =%
AWy AR A TE B 25 S Foh SH-1 R AR
KR, 4K 8 h I Bl A 2] BEE , 20 h
iR B Mg s g, BTGP 315.52 U/mL, JR7E
20-28 h HREEE, 28 h JF G IR FRAE (K
2-B). WGX 5 WGD Bk ™ il 3 A W] db i 5
T SH-1 witk, H 7GR LT SH-1 bk,
F5 3R R N Ho K E P43 3o 76.61 UlmL F
64.93 U/mL, RL RAEKAIMAS SH-1 wtRi<, K
F% 12 h AR XTEE, 24 h iF ARREH], Kz
28 h H: ODeoo 47 3.51, fi 35 15 T SH-1 Rk A= Wit
I RL BEE PR IA # B R (B, Jy 157.26 U/mL, 2
FKT SH-1 WHR(E 2). %5 L, JEekifss shikss

(A) 4
—a— SH-1
o WGX Ve
A WGD v .
v—RL
3 L
S 2
)
1 /
j"’ [f ;f“
A
0 "‘//1‘
4 8 12 16 20 24 28 48 72

t'h

PRI SH-1 S V8 7E 14 17 P52 1% 2L g s ™ PRI PR

2.3 WEHEERRIYEIERE AR SH-1 KE

231 JERFERAEMAENEE: 30°C KT, |
Pk SH-1 7 PARs IR 5L L RESR 48 h R IE A
Bl 3-A Fos, R AR VE N DR, S
I, g5, WERR, R, A
Sk . 100xil5E TS, WS KR, K
JEHy 2-3 pm, L RYLE RN M, nEl 3-B
ffi/n. SH-1 R {E 25-45 °C., pH 4.5-9.5 514 F
AR, RIERE N 32 °C, fividi pH N 7.5, fierfE
g1~z 5.5%¥1) NaCl %k, 7t 5 g/L 1) NaCl i
He K RIER% . SH-1 5 Yoon “5LTHRSE 1 A AAL
Filt M. elongatus DSM 68107 fitj A= FiA= L A5AIE b dsedn
R 2 PR, MEAMAAFERAER], HE—P5
UERR SH-1 MRS THULEE . (HIHAEEZE .
HoS 774k . AUBRIB A A A0 A e 22 Sk
FW] SH-1 BAR ] RE AR I06 BB W ZE R

(B) 400
300 | T\“rfq
—_ | 1}
E / \
S F\
L ’ \
Z 200}
2
g ) 8 .
Lu Vg
100 | ¥
7B e
-/ =
AT | *" A
0 e A ! A/ n L L n n
4 8 1216 20 24 28 48 72

t/h

B 2. AREEERAMBESEEREKR L%
Figure 2. The growth (A) and enzyme production (B) curves of different alginate lyase producing strains. Error

bars show SE (n=4).
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B 3. E¥k SH-1 LA HFHIE
Figure 3. Morphological characteristics of strain

SH-1. A: Colony morphology, Bar=1cm; B: Cellular
morphology, Bar=2 pum.

232 ASFHEYFELEE: XMEHE SH-1 1Y 16S
rDNA #47 PCR 73, Wy 5k KEH
1398 bp . A ¥ 14 A& BLIZ WM SH-1 5
Microbulbifer sp. BN3 J# 81 B AHM: A 99%. % 5
SHIEURE R 16S rDNA FRalf i R0k & iF
N 4 iR, #iFk SH-1 5 Microbulbifer sp.
BN3. Microbulbifer sp. SW-2-6. Microbulbifer sp.
Strain HB161719 7E[F]—/ 37 45& Wtk SH-1 1)
BEFRAE, ¥ 2% ERE T MW EE

(Microbulbifer sp.), Fffiw 44~ Microbulbifer sp.
SH-1, PR5ET rb [ A 0 T b DR B 2 B 253
AL, RIS CGMCC No. 16906,
24 FEFREAMAL

2.4.1 BRIEFhZE K ¥ BT Microbulbifer sp. SH-1
FEBEHRZ M < B R0 TSI RE AL S AN A R
Gy G BUER B R 2B 48 DL K Sy 20 L f i R A a4
FEALRER . AWTSORF IR SRR AN . A . R
HERmE H SR S5 0 A M R Microbulbifer
sp. SH-1 A= Ky ME—BR IS, FRIEA RIS 7 il
AR o SERERNT, A LAAE B R 4Ny nE— ik U5
IF, A BETE A I v ARG 3 i s M, R B A
SH-1 Fir 7™ ) e 5 s 3L ik 1l s 175 5 Ml e LG Btk
b SR P RS T AS [ B R VR SR R R A X T
Pk SH-1 WAk BERYS2 . QiR 5 s, BEE S
B TR B Joie A R ARSI, TR R R I o i
hn, B Y BRER EER I 12 o/L B, TRAR Y
SO e, DRI P R 3 R o VA B
h 12 g/l

2. HEFkSHL EIR4 W4FE
Table 2. Physiological and biochemical characteristics of strain SH-1

Characteristics SH-1 DSM 68107 Characteristics SH-1 DSM 68107
Growth pH 4.5-9.5 5-10 M.R + +
Growth Temperature 25-45°C 25-30 °C H,S production - +
NaCl concentration for growth 0-5.5% 2%—-3% Amylolysis + ND
Motility - + Glucose + +
Oxidase + ND D-mannitol + ND
Catalase + + D-mannose - ND
Uricase - - D-fructose - +
Nitrate reduction - - Arabinose - +
Indole production - - Galactose + +
Gelatin liquefaction + + Sucrose + +
V.P + + Cellulose + +

+: positive reaction; —: negative reaction; ND: Not described.

actamicro@im.ac.cn
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Microbulbifer sp. SW-2-6 (JX119042.1)

6

=N

A Microbulbifer sp. SH-1
Microbulbifer sp. BN3 (MK357718)
Microbulbifer sp. CDN12 (HQ693232.1)

Proteobacterium M3-6 (AY880308.1)
6?':‘f‘oreobacreritm1 M3-2 (AY880307.1)
68

— Proteobacterium M3-1 (AY880306.1)

100

81

47 o

Microbulbifer sp. strain HB161719 (MG994974.1)

94 - Proteobacterium M3-7 (AY880309.1)
L Proteobacterium M3-3 (AY880310.1)
Microbulbifer sp. BSO3 (HM596342.1)
80| —————— Microbulbifer pacificus strain SPO729 (NR 115928.1)
Microbulbifer gwangyangensis strain GY2 (NR 118158.1)

Microbulbifer okinawensis strain QD-ALG-2 (JQ765866.1)

Microbulbifer okinawensis strain ABABA 23 (NR 112917.1)
L 100 Microbulbifer sp. CAU1046 (KC679055.1)

67 Microbulbifer sp. CAU 1046 (KX774333.1)
99 rkﬁcrobulb{fér taiwanensis strain CC-LN1-12 (NR 108519.1)
58 Microbulbifer sp. BS6 (KU052620.1)
0.01

4. %k SHL By 16S rDNA FF3I R Gt 1L i
Figure 4. Phylogenetic tree of the 16S rRNA sequence of strain SH-1. Numbers in parentheses represent
accession numbers in GenBank. Numbers at each branch point represent the bootstrap values on Neighbor-joining
analysis of 1000 replication deta sets. Bar 0.01 is the sequence divergence.

120 - — 3.0
[ IRelative enzyme activity =~ —=— ODyy

<100 N 125
E [ T
=] = =
5 /=] ]
E 60 | -/ 115 Q
5
ER H
=
3 20 0.5

0 0.0

2 4 6 8 10 12 14 16 18 20
¢ (sodium)/{(g/L)

5. BRERINIRE X E MK SH-1 £ KA ~=EERI R0
Figure 5. Effect of sodium alginate concentration on
growth and enzyme production of strain SH-1. Error
bars show SE (n=4).

242  RFEFREWEST Microbulbifer sp. SH-1
FEEBRRENA ;RO S AL B A A 4 A o an 24
iR, EAR . BREMSEMAY . A5
(NH4):SOs. NH,CI. (NH,),COs. JRZE . EI.
FEPRIUIVE N 2R, AR R R RE SH-1 A K
FP=BEEI . AN 6-A R, SRR JOHLAURRT 13
PR SH-1 BEIGPER R, A LA IR B IS R
Ko TRIRE SH-1 76 =R ICHLE R Fh 3] ik thik i
WFEETR PR IE L, 25 B3 A KR e Pk,
WERE(NHL), SO, VE N 1E I He B R i — P05
TR X PR R R, SRR, Y
BRI 7 olL B, BRRR 7 HERE Rom, 4
VA B Tt A D 2 B P O R AIR (] 6-B)
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(A) 120
[ Relative enzyme activity —ma— ODy,
s 100 H I 125
= . l -
z 80H = -an; M 120
5 L
Y . N
£ 60r N 7 11.5
e I
g " I
2 40 + _ - 1o
£ z
e 20t 4 0.5
0 N 0.0
" X
%O > %9 C.JO 0*6% \O‘Q@ 4_’\“&2‘
e = o TN
\T\ \V\ 4@’%
Nitrogen source type
[ 6.
Figure 6.

3.0 (B)

ODgy

120 3.0
[ Relative enzyme activity —s— 0Dy,
2 100t T 2.3
B :
Z 80t =— =20
I et
2ol "8
% 60 1.5 C
5
2 40} - 1.0
Z T
o
& 20 H 4 0.5
0 0.0
1 3 5 7 9 11

c[(NH,),50,]/(g/L)

AEIRIRE R REME Kk SH-1 £ KFN~EGR9 200
Effect of nitrogen source and concentration on growth and enzyme production of strain SH-1. A: Type

of nitrogen source; B: (NH4),SO,4 concentration. Error bars show SE (n=4).

2.4.3 NaCl ¥REEXEMR ™ BRI . h & 7-A 7]
R, T SH-1 TR AR A I 1 NaClLHR L il 545 g/L,
24 NaCl ¥RJEN 5 g/L B, Fkk SH-1 A K HERE,
PR PR B K 124 NaCl e #E i 5 g/L A,
SRR Y AN Z R, (R M A
NaCl ¥ ¥ Mt &5 (55 g/L)siad k(0 g/L)A}, SH-1
TR AR A A il 12 32 S B S A

2.4.4 MgSO, ¥ BEXT B bR BRI BL I - Mo™ — i
TAA A2 X A4 T 7 il sl ol T P B e IS ), S
SE Mg X SH-1 P=RFISEM, AR SCHFSE T MgSO,
YR E N il 22 (8] (1) G 2 WA 7-B iR, 24 MgSO,
WK T 0.4 g/L B, PAMRAE K R B bk ™ g 52 2]
BAPH . 24 MgSO, VR JE & T 0.4 g/L B, BARTH A
A RRZ R, (H2s 1 IR E P . 2 MgSO,
WE R 0.4 o/L B, B B IS PR o i o

2.45 KHPO, HREEXT AR BRI : K HPO,
SRR I N TR 7, Ko HPO,
WX PR SH-1 7= Bt ] BB A AE— 5 I 52 ] . 38
TERIR] KoHPO, TR I8 R B, 15 3= 5L RIS

actamicro@im.ac.cn

Hl KHPO, I, AR AN REIE H A4S . KoHPO, 3
SR 1 g/l B R AR T P R e B LR 1
K, WM EER A FTREAL, I 1 g/l K;HPO,
Kt B (B 7-C).
2.4.6 FeSO, YREEXITAMR=BERIS M : & 7-D
AILVE I, FeSO, X R4 K I JeHl s, (H
0.02-0.06 g/L JuHEIN Y Fe? REMS ML k™ B 1% 1tk )
P, b e I B P 52 B — s ]
I E 0.02 g/L FeSO, M i AR .
247 EATIAE: FRHEF I E TR
Ml F LR R R A BEERREN . (NH,)2S04. NaCl
J& MgSO, i e B, PRI adEA 7 U PRI 28 = 7K Lo(3%)
MIEAZ RS, B e a5 R WK 3.

S5 IR , IEAC RIS BT 58 IS A S 11 4
A DR 20T il T R R M B8R B B KO, H AERROR
/A NaCl > (NH,),SO, > # 3 RN > MgS0O, (3
3; F 4). SH-1 GEkR™ i PR 2L ity i PR A A
4450 ABICiDy, HEFTHY 9 LIRS STl fe ity
%5 1 iR (AB.C1Dy), BIHEHEEREN 10 g/L. NaCl
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5g/L. (NH,),S0,5 g/L &% MgS0, 0.2 g/, 7EiZ &AM
T, BRSBTS {24k, mIik 700.83 UimlL.
b QLR

A SCOFFRALAC RS 7 30T 46 pH X T #k SH-1 77
FagRem, 45 AniE 8-A s, 7E pH 4.5-7.531
P AT, e 3 T 2R TS 4 B pH 9 b T K5 pH
75 BF, EEJ1iRBIEK; 2 pH KT 7.5 B,
Rl ST 86 T % R, SH-1 P iR pH & 7.5,
T B S 5 DA R A AR A . 7E b
WA T, 28R 25, 28, 32, 35, 40 °C #H17
KRR, 2R UE 8-B /s, Witk SH-1 &

2.5

FERHEBE A 32 °C, W&l 8-C FT/R , 4R IR,
FOXP A0 TR A K B WO B s, R i
I R T AR B Y 2, SR ERE I TR RE, &
IEETARAS, B AERAERI R 1%, R 2
YRMRAE R R B EZE R R, M Ky
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Figure 7.

Effect of different inorganic mineral concentration on growth and enzyme production of strain SH-1. A:

Meal; B: MgSOy; C: K;HPOy; D: FeS0Oy. Error bars show SE (n=4).
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#3 EXRFAWER

Table 3. Results of orthogonal experiment

Enzyme activity/(U/mL)

No.  A/Sodium alginate B/NaCl  C/(NH,),SO, D/MgSO,
| 1 11 Average
1 1(10) 1(5) 1(5) 1(0.2) 682.66 715.99 703.84 700.83
2 1(10) 2(10) 2(7) 2(0.4) 392.41 341.37 352.83 362.20
3 1(10) 3(15) 3(9) 3(0.6) 326.10 342.76 247.63 305.49
4 2(12) 1(5) 2(7) 3(0.6) 456.99 400.39 472.61 443.33
5 2(12) 2(10) 3(9) 1(0.2) 351.79 391.37 417.41 386.85
6 2(12) 3(15) 1(5) 2(0.4) 363.59 346.23 343.45 351.09
7 3(14) 1(5) 3(9) 2(0.4) 556.98 502.12 533.02 530.70
8 3(14) 2(10) 1(5) 3(0.6) 383.03 375.05 393.10 383.72
9 3(14) 3(15) 2(7) 1(0.2) 233.05 228.53 259.78 240.45
K1  456.18 558.29  478.55 442.71
K2  393.76 377.60  348.66 414.67
K3  384.96 299.01  407.69 377.52
R 71.21 259.28  129.89 65.20
x4 EXRFKEAENHR
Table 4. Variance analysis of orthogonal experiment

Source of variation SS DF MS F
Block 646.79 2 323.40 0.37
A(Sodium alginate) 27133.94 2 13566.97 15.42"™
B(NaCl) 318149.54 2 159074.77 180.85™
C((NH,),S0,) 76130.44 2 38065.22 43.27"
D(MgSO,) 19251.19 2 9625.59 10.94™
Error 14073.87 16 879.62
Total 455385.77 26

*: F0.05(2, 16):363, ** F0.01(2, 16):623

2.6 Bk SH-1 UALRETE =Bl

XK SH-1 A I b SR B A e A RO AT IR
AR b iR 2 EA T U, SR ANIAL 9 Fra.
fEJE R SH-1 B aT 3R Ak AFe e IR T
W, TR, SRR O R 225 (K 9-A).
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AL BRIAR K T 12 h 5 AT R R A7 R A R 2R
W, JFHREEE 24 h, K 24 h B 1k SRR
757.90 UImL, 24 h JE S T BREAR . AT AR
TERIT&EE 20 h B Bl = 0%(315.17 U/mL) R A s
J& . ABBEE T UARAR RT3 R T 2.4 £5(&1 9-B).
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Figure 8. Effect of fermentation conditions on enzyme production of strain SH-1. A: Initial pH; B: Temperature;

C: Inoculation concentration; D: Liquid volume; E: Shaking speed. Error bars show SE (n=4).
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Growth (A) and enzyme production curve (B) of strain SH-1. Error bars show SE (n=4).
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Isolation, identification and culture optimization of an alginate
lyase-producing strain Microbulbifer sp. SH-1

Jin Yang', Hong Shen'?"

! College of Resources and Environment, South China Agricultural University, Guangzhou 510642, Guangdong Province,
China
2 Guangdong Provincial Key Laboratory of Eco-circular Agriculture, Guangzhou 510642, Guangdong Province, China

Abstract: [Objective] The aim of this study was to screen a strain with high alginate lyase activity and optimize the
culture conditions of the strain. [Methods] Using sodium alginate as the sole carbon source, we screened and
isolated microorganisms from the coastal soil of Zhangzhou, Fujian province, and a high-yield strain of alginate
lyase was obtained. According to the morphological, physiological and biochemical characteristics and 16S rDNA
sequence analysis, the target strain was identified. Then the enzyme production conditions were optimized by single
factor and orthogonal test. [Results] Four strains with transparent circle to colony diameter ratio (D/d)>3 were
obtained by cetylpyridine staining. DNS method was used to determine the activity of alginate lyase in the
fermentation broth of four strains. The enzyme activity of strain SH-1 was the highest, reaching 315.5 U/mL. Based
on morphological, physiological, biochemical and 16S rDNA sequencing identification, it was named Microbulbifer
sp. SH-1. Through single factor and orthogonal test optimization, the optimum enzyme production medium was
determined as follows (g/L): sodium alginate 10, NaCl 5, (NH4),SO,4 5, MgSO, 0.2, K,HPO, 1 and FeSO, 0.02.
Further optimization of culture conditions showed that SH-1 strain could be inoculated into 50 mL medium at initial
pH 7.5 and 32 °C with 1% inoculation. The maximum enzyme activity of SH-1 strain could reach 757.9 U/mL
under 240 r/min for 24-h shaking, 2.4 times higher than that before optimization. [Conclusion] The optimized
conditions for SH-1 production provides reference for large-scale preparation of alginate lyase and further research.

Keywords: alginate lyase, Microbulbifer sp., optimization of enzyme production conditions
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