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i E: (5T IVBEREAMBAELEE. BRI SH, HENREBBER. HE&BEFE
ey T BB, MABFEAMY AT LA R QAR A E, [B 6] AER T 75k KT8 5 IR #
B 2 P BR AR, HXERAEE T B R, SR Aoy Bl =4, dtm fFAT % B 09 15 i 45
M, [F &Y DABRRAE—B R, IWEFRAG WL R T FEH/k, BEHBAFIR. L84
16 £ 3 F= 16S rRNA A B 5 7 tost AT B AY 558 . ALK BRI I 3 5T A R 0 ik B MR AT K B2 7= B
F) ) LL o) Fa IR B T X 4% &35 AT R B A2 L BR AR = M vA ) X% Bl 6 TR AR T, AR B R & 3B iR AR
G-k S T B A T, (4R Mk 5 A3 — =48 5% I L% 85 69 F 40 N1 (Vibrio
natriegens) SK42.001, Ak = B3 f ik h i3 B 4M 8.0 g/L. (NH4),SO,4 8.0 g/L. NaCl 30.0 g/L.
MgSO47H,0 5.0 mmol/L #= K,HPO4-2H,0 10.0 mmol/L, & B B&7E 4 (5.20£0.14) U/mL. ##kPT 7= B
i TIEMBBRERT L FHBERAR, FTHALTNWRGERAYE—, T R2HBEZIE. [44]
J 1% B\ 48 3k Ik B R Bl 5 2T B A AR Vibrio natriegens SK42.001, iZ B ¥R AT 7= B LA & 5 48 BB [4 R
T e BLVT 45 A AR 3 =48, B @t — 5 &R T KAL) 648 52 I LM% B A8 3 A A 4
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Screening of a Vibrio natriegens SK42.001 strain for
producing alginate lyase and enzymatically degraded product
analyses

MENG Qing, JIANG Bo', ZHOU Licheng, CHEN Jingjing, ZHANG Tao

State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] Alginate lyase has various types and degradation mechanisms, and has
become a tool for the efficient and environmentally friendly production of alginate oligosaccharides, as
well as a research hotspot for high-value development and utilization of algae. [Objective] This study
aimed to isolate alginate lyase-producing strains, determine the optimal fermentation conditions for
enzyme production, and analyze degradation products to reveal the degradation characteristics of the
enzyme. [Methods] The strain was screened from the sea mud near kelp farms using alginate as the sole
carbon source, and was identified according to morphological observation, physiological and
biochemical tests, and 16S rRNA sequence alignment. The fermentation medium was optimized and
used for enzyme production. Products at different degradation degrees were analyzed by IR and anion
exchange chromatography to explore the degradation preference of the enzyme, and the final products
were characterized by TLC and LC-MS. [Results] An alginate lyase-producing Vibrio natriegens
SK42.001 was screened and identified. The optimized fermentation medium contained 8.0 g/L alginate,
8.0 g/l (NH4),SOy4, 30.0 g/ NaCl, 5.0 mmol/L. MgS0O,47H,0 and 10.0 mmol/L K,HPO,42H,0, and the
fermentation activity was (5.20+0.14) U/mL. The alginate lyase produced by strain SK42.001 had a
preference to degrade guluronic acid blocks, and the final products present a relatively simple degree of
polymerization, which were predominantly trisaccharides. [Conclusion] A V. natriegens SK42.001 with
high yield of alginate lyase was screened. The enzyme produced by the strain has a preference to
degrade guluronic acid blocks and specifically produces trisaccharides, which has the potential to be
further developed for large-scale production of alginate lyase and alginate oligosaccharide biological

products.

Keywords: alginate; alginate oligosaccharides; alginate lyase; Vibrio natriegens; degradation
characteristics

) 95 % (alginate) FH 2 [F fh 22 5 Stanford 7E
1881 AT HLRBE, J&ig . SRR . B
SEABE P A, o5 B A T
10%-40%, JetB i h & i w2,
¥ i e = i B-D- H &2 #l % iR (B-D-mannuronic
acid, M)FI a-L-7i & B R (a-L-guluronic acid,
G)iX 2 FhbErA LI 1L4-BH B 3R A W A 26
PEZ M, —38 R C5 AL by 22 m A iA . w9 BE i

FHy4rF N 30-200 kDa, 43 F P R EAFEL
R H 2 i R (poly mannuronic acid, poly-M),
Z iy B HEEE R (poly guluronic acid, poly-G).
MG S s BEHLI ) poly-MG iX 3 AN [] 25
FE I B2 48 TR B AT A= Wsd PR 4 B
T E R B — e e R B, N L HA R
KPE L RREE . KRR SR R RS,
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RGN . RSB R A . 4
TR RS EE R S O AR LA I i
A, —E B b BRI T A AR 3 1 Al
BRI T o b T 1 I A i F A AP 0 1 i
FEBE, BAETE 2-20, F¥5TH K 3.0kDa,
KV PR AR L A 8 I A AR R 4 v TR B W i
ik, BETC MRS B Ko T AN BEZF i WA 25 R A=
VbR g BRI, B HERIE T, JF @R A
AEYIEE, IEAAREME . PUREE . i
L AR RO AT B A R,

FHEE T Py B 1k AL 2= B R s, AR W
DA B A ROV IR A EREMRT R . RERE
i, mEE . T, KERRELLS. 5
i JE 24 17 B (alginate lyase)if i B M BRAL T K724
R BEIE A [B1 0 1,400 T SH A A0 40 T8 S A i
FE 4-O FEFHEMEER %) C4 1 CS5 22 [l B
i, MEEA 4-5i 4-L-erythro-hex-4-4 i = Hit
MR A3 T 2 1) 2 38 A i ) 408 T8 e 2 A Tl o 2%
BEZIAZRMHEHT K, WIBEYE—ERA
5] AT 734 poly-M 2L (EC 4.2.2.3) , poly-G %
f#BF(EC 4.2.2.11) b AT 246 2 Tl Y 09 XU fig 24
flg s MR PR i A AS R AT 43R S YIRS T
R (PTG PR A B 5L, EC 4.2.2.26),
N VIR 4 S R R A /N S, AT Y
RS Wk Bkl s AR BRI A1, H e fie
SR BRI 73 7E 21> Z B S4# I (polysaccharide
lyase, PL)j%#4 PL5, PL6., PL7. PL14, PL15,
PL17 F1 PL18 &5, b fth 205224 figt g o 2 4
R, BB ARz, BRI
Y. MRS . AN A ELTE A, BT A
AEKKR, e, MXHRKRZ, W
Pseudoalteromonas'” . Cobetia® . Vibrio®4 .
SR H A e S A Bl R i A D, T R
A TR 140 405 e e 2 e il o 391 2 B8R >4 T ) T 5
RO, 0™ I TR R R SR AE AN [ R 2K g 4

e S SRk I X R 4 e S SR e il 2 AR D R4
B R BT R M AT B AN

I N TR T B 7 P AT Y 0 o 7 108 0 5
5 00— 4 T S 2R Rl P BT R, e R ARTE
A AHAEACERER 16S rRNA J KT 5114341
PEATRANAEE , IO A I Mg b SR 2, )
A e ek A = Ay a0 e A I 4 i R, U OR
43 THE S 23 i AR 43 T8 SRR P 1l i AR AF 7 B
BB

WEERE

1.1 ##
1.1 #S

AR S0 T PR i e ok 5 1L AR 48 SR BT Vg
F7 58 37 B 3 V35,
1.1.2 EBHFE. ETEXFIFLE

AR SFE L (L) BIRRM 500,
(NH,4),SO; 5.00, NaCl 30.00, MgSO4-7H,0 1.00,
K,HPO,-2H,0 2.00, FeSO,7H,0 0.01, pH 7.5;
i 1 4% IR I AE B AL R A S 20 g/L
G WIMR R B R S E AR R MR
TEEEIREN . Al LK #5R (dinitrosalicylic acid,
DNS), AT AW TRE(EE)RMARAF,; H
3R 35 o ali, [ 2 4R AR 2R A BR A
Al o BRANAT WATEYE BT, BRI A AT BR
NFE BETAES, BN ERSTHEARGR
Ay WiHRE.OAL, Eppendorf A BRAH ; 1HIE B
FAf, DRI EIREIK, K&
SRAR SRR A R A W s HA LR, HITACHI
NFEl 2RO BB (U R 5, Wyatt
oyl HEHE M2 AMETEY, Thermo Electron 2y
Al BT fa g, FEECHRBHE A ]
1.2 BE#RIFIE

HU10 g B dh B T34 90 mL JG H /K FI3E 5
PRAY 250 mL #EHH, 28 °C.200 r/min 4% 1 h,
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RS Y5, BRE S min JE B EIERINA
A 50 mL O EAERIFREER) 250 mL R,
28 °C. 200 r/min 551 FHEMIGSR 3 do AW
VA B4 55 SR WP B8 T R S5 AR A1 T LA T B TR M Ay e
— BRI P e R R AL |, 28 °C TEIREEIE 3 d.
ML 95% L FEALEE, BREUK At BB 4 K 1 T V%
TEGH Ve B FE 5L F 2R R AT vk alifh . alifk
Jo B AR IERD TR 06 K Wk e i, 28 °C.
200 r/min $EMH A 3 d, RIEWRAE 4 °C .6 000xg
B30 10 min,  FIE AR L BRI 5 b i
0 224 figt B TG T
1.3 EMEE

T A S S A PRA AL S5 X 4 i
F A B AR R AR 8 AN R G T )1
AR RGN 2E T ) U HE T RV TE S0
FEAVE B AL RR IR IN . FEBE RS . TRIMRAE K
W R R B3R5 T 6 000xg B0 10 min 3545
HTRZNIEL, RAH 2.5%IX T 4 °C Tz
7, ZHHE A 100 mmol/L M8 28 i e ik )5, H
50%. 70%. 85%. 95%. 100%Z EEJEATEIK,
BT 100% L8, Wi Twmdh bR TZE
SR A i H A A AN

AN RE . FINEREEE TG, L
PRVRAE WA Al PCR 43 TR BR Y 16S rRNA JE[H
P 5 h Pl (5-GAGTTTGATCCTGGCTCA
G-3")H1 P2 (5-GGTTACCTTGTTACGACTT-3'),
Py ik B T AR TR (R B A R
AR, R 45 R AE NCBI 0 e vh ik
FrEexs, EBHIPER R E) 16S rRNA HEPH ¥
5 K F 40 % 1% (neighbor-joining method)
MEGA X B ERGE K F R -
1.4 BERFEHME

2 TR VL ey S 5 224 foe Tl ) Tl 0 0 SR 3,5-—
il R K A R I 5E o B 80 pL &1 B3O A
920 puL &4 50 mmol/L #E2EEFI 300 mmol/L

NaCl Y 0.5% (J5T & 14 FR 53 %50 1 35 TR A V4 W
(pH 7.5, 35 °C 4 F /i 10 min Ji5 &
10 min 28 11 J2 v o B 300 uL 2 Wi P~ A 1 mL
DNS i®### 10 min, A 2 mL H,O Fik%,
TE 540 nm A T I E OB R ; 25 P B AN K
T E BN DNS 2R 72 0 A pe U AR
T SO R R T e A T SR ), T ) PR
HE(U/MmL)E R - BR8P L = A 1 pmol I8 it
R e E4) It koA — 1 il 3 T B
1.5 E#HABEFEML

FE SR 0.2%, LLS o/L 1 EERREN A
WML, LUBBERREN . B . I
VEN . FEME. D-HEEAE . D-2FELBE. HImfEN
T P B AN [) Bl U0 B AR SK42.001 77 [l A1 AR
KRS, TS NAN [] Ve B A e F0 i 05 7 7
7 il 2 T 1) B AR IR e B

TE & A RAMFE0.1%, VLS g/L BiFREk b
WSS, DIiRE: . IRE . FRE . K
PR TERRRY . AT R EE I 5 A A LU
XTRRR SK42.001 7 il A1 A= K 52 1R, B inAS [A]
W 1) S5 DI RV A TR AR 7 I T ) e 1R RUUR
W

TSI [R] e BE 19 NaCl BF5E AN TR NaCl ik i
XTI R SK42.001 77 i Al A= 1 52, 1 1 fie f
NaCl ¥ o 76 & A iR R UE . & JE A NaCl
B LR 2 SIS 5 mmol/L Ay K©, Mg®™, Ca*”
F10.1 mmol/L i Cu*", Zn*", Mn*". Fe*'Hf5%
ANl 4 BB X bk SK42.001 7= A4 K 1
SEMA i IR R R R I R 4 B R
FoHe B A TR
1.6 AEFEREREKMZNE

DL Ak 5 B & W B 5RO OB R OB OB
SK42.001, %} 6 h BRI 3 & B ODegoo 1L ¥
WIS 7, I E bR SK42.001 (14 K fh 4 Fn ik
T 7 e IR 4%
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1.7 AEREEEESIS R0

[ 1% BERR N o s 2.5, 5.0, 7.5,
10.0 U/g ¥ #8 CRf  , 7E 250 mL B F 0 s
35°C. 600 r/min i 2 h, 100 °C K 10 min.
SO R LS W AR 2 1/3 (ARG, D 75% Tt
e, MIEEETEE KD, /& 3 kE
BRAR 5T o BT P O 7 AR B S 100 kDa
BT AT I, B R TG 4 Ry
IR, rlanss Al A2, A3 Hil A4 (BB
R4 ALG), fRAFT THR s th g N
171 FENE

K BCAT 2 1 B B AR S 22 3 e Aer I 25
B i AR HE B €433 2 4t (high performance size
exclusion chromatography-multiangle laser light
scattering-refractive index, HPSEC-MALLS-RI)

WAE oy i . AESMEEN 3 mg/mL, 0.22 um
UE ML uE, UEAE I 200 pL, kA 5 AR
Ultrahydrogel 2000 (7.8 mmx300 mm) Fl
Ultrahydrogel 500 (7.8 mmx300 mm)&s Bk, Jish
FH24 0.1 mol/L NaNO;+0.02% NaNj, Jiidh
0.6 mL/min, FEHRAFIEE 35 °C. ] ASTRA
AW AL BB, AR R E Y TR
(M) B3 THE(M,) 73R E(M ML) 525
1.7.2 5N R

PREURESD 2 2 mg JEATHIPEE , % 1:50 T AR
LR R FE W IR S, TR, BT Nexus
470 B I 2T AR A T A B A
1.7.3 BB TRBEIESH

K OBk vb BB 7 A2 H @ 3% (high
performance anion exchange chromatography-
pulsed amperometric detector, HPAEC-PAD)}: F

pH>12.0 ¥ FAHLfif 22 53 (19 AN [ 241 735 [ 7 AT
HOEa Ee v ae S B ok O 23 1 s e e |
S HH A 25 0 7 22 53 S DA [ 40 1) 0 1 L E
Rl , 275 1% AT 0 B E A 2 P Y
AFEFPBERER . B 6 mg FEMREMRT

5 mL 90%H 2, 100 °C F2f# 6 h!'>. Rt Is
FIFE SR VR TR S5 Ll 0.1 mg/mL A9V B,
0.22 pm JEAE LI, (A 754E CarboPac PA20
(3 mmx150 mm), A 30 °C. FahtHN: AW
200 mmol/L NaOH, B & 1 mol/L NaAc. &A%
J¥: 0-15min, A 5%, B ZHITZE 20%;
15-25 min, A WZEWHFAZE 100% , i #
0.5 mL/min, FFEE 200 uL, EFERTA 100% B
TRVEE, 100% A P-4

1.8 &= &FaHh

M 500 pL %A 50 mmol/L AR £h Al
300 mmol/L NaCl fY 0.25% (JF AR H )it 3 R
AW (H 7.5 A 0.5 U e e 5L it g
35 °C M R0 72 h, b 10 min 2080
RN L=l
1.8.1 BE®IZ(TLOS#H

Bl pL BEIRZ™YITE TLC RERCEAR b
B, BTEMR P RIT, RIFRIEGL AR
77 1 em AEBTECH BT, DA BAAF], 15s JFH
H T AE 150 °C 25048 F o o JRIF I e T FE:
L FR:H0 (3:2:3, (KFLL), BEaF IR LB
(1:9, KHL).

1.8.2 HHEEIE-FIL(LC-MS)7

i 50 B3k Waters ACQUITY UPLC
BEH C18 #(2.1 mmx150 mm, 1.7 pm); ;i
5% Waters ACQUITY PDA; /i sh4H A & 100%
2N, FEhH B R 0.1%H /R s Ve 4> 2 4%
4 : 40 min, 100% Bj; 45 min, 30% A #l 70% B;
50 min, 80% A H120% B; 55 min, 100% A;
Wik 0.3 mL/min; KR 45 °C,

JEG S F . HEFLEE 30 V; BAIEHE
3.5V; ESI BHE 1 B mess i A AR L
400 °C; BEEFIVRAL AL : 700 L/h; 2 F IR E .
100 °C; HEFLIKHE: 50 L/h; i H VT
20-2 000 m/z.,
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2 BERXR504

2.1 HHKRIFIE

KA UEFE b 28 5 AR SR oy B ik,
LOH AT ] 10 BREEFE LA 3E IR 4N Ry ik — Bk U5
I G SR P AR KRR . HF 10 BREAIEAT
Z RN Aifb 5 fEV) in Kk Bk SR b E AT &
T3 3R O L L 0 o S5 SRR, BB
SK42.001 HA w1 & BEfsG , 5595 48 h 5
Mt i 4 (1.49+0.05) U/mL, £ 5 fCistfeta stk
BEFRUE BZ R R B RE R, 1B R e ST
WF5T BBk
2.2 HE¥ SK42.001 ¥ &
221 FEEENR

R SK42.001 7E B RR 44Vl b i i A=
K, % 95% FEAL IS P V% R B BAS 33 B /K
frpE . R YE, FIERAL A GRS
e, RmGH LilZ855(E 1A); TERET
RSN, B RIUE, 2y 0y SRR
(K 1B).

2.2.2 HEIEALYEE
itk SK42.001 AJ7E 18—40 °C .pH 4.0-10.5

AT AR, gy 37 °C, foll pHH

El1 BESHEEES
B: SK42.001 HL&5HE
Figure 1

h 7.0, IERENSTIZ 35 /L AY NaCl % . H
AR IAAL S E LS RN 1 R,
223 HFEMELE

#Fk SK42.001 Y 16S rRNA J[H fu &
1401 MHEE, 5 NCBI B0 B Hex a & PLIZ
W5 Z RO 8 (Vibrio) W AR A & AL, H
5 V. natriegens CCUG 16374 Fil CCUG 16373
W ARAIRLEY R 100%, AbF R4 A F W TE
— X B(E 2), BEHIBE:SEMELFE
fE, B HEHR SK42.001 % N T oo,
s, T r ] LA 3 572 ) e P o0 (China Center for
Type Culture Collection, CCTCC), fiiE= K
MF193488.1.,
2.3 KREHEFEML
2.3.1 BREXNEESRY R

WK 3A Fis, BRI D-2E3LESk,
SK42.001 7ERERE . AT EVERY . D-H 88M .
TR A AR IR A T 355 SR I 1) AR K B 38 LU AR Vg PR TR
Irh I, R i A K I AR
2 T PR TE T 8 TR A AR Ry Al DA I I R S A e I
15 , D= 5 Wl Vi 5L o T 24 A T S R A v 1Y)
38%, TFERIZEIME . HERE . AIAE e . D-F AL
R AR Sy i 5 B 2 TR R R IR JL - %

1 um

A: SK42.001 B V% [ A 1 5 R A0 7 A K i BBl (21 46,555 Sk 5 78 SK42.001 FH %)

Morphology of colony and cell. A: Formation of transparent circle after alginate utilization by

SK42.001 (red row refers to SK42.001 colony); B: Strain SK42.001 under electron microscope.
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£ 1 HHk SK42.001 BB LT
Table 1 Physiological and biochemical characteristics of strain SK42.001
No. HMLiH R No. (M 4k No. Kol H 4k
Test items Results | Test items Results | Test items Results
Al B-RFLBETT R - 1C4  L-BaRiAIbE + 1C27  £FYE b -
B-galactosidase L-arabinose Cellose
A2 RS SR SUK ff i - 1C5 Kk - 1C28 M -
Arginine dihydrolase Ribose Maltose
A3 AR R - iC6 DA - 129 FL -
Lysine decarboxylase : D-xylose : Lactose
A4 EERIGR G - iC7 LA - [C30 M +
Ornithine decarboxylase L-xylose Melibiose
AS  APIRERF + 1C8 B A< - 1C31 R +
Citrate utilization . Adonitol . Sucrose
A6 H,S A - 1C9  B-HIIE-D-AHETF - 1C32 B -
H,S generation | p-methyl-D-xyloside | Trehalose
A7 JRJ Urease - iClO L ZLHE Galactose - §C33 35 %¥% Inulin -
A8 S RIBL A + [Cl1 AT + [C34 HAEHE -
Tryptophan deaminase Glucose Melezitose
A9 I A - 1C12 L - 135 M -
Indole generation . Fructose . Melitose
A10  THEiBREE Pyruvate + 1C13  H#& M Mannose + 1C36  JEH) Starch +
All BT Gelatinase + §C14 11174 5% Sorbose - §C37 Bt JEL Glycogen -
Bl H#j%ib¥ Glucose + §C15 F 4 H# Rhamnose + §C38 AMEBE Xylitol -
B2  H# M Mannitol + iIC16 _[LZFE% Dulcitol - 1C39  D-FA b -
! ! D-turanose
B3 LB Inositol - §C17 JILEE Inositol - §C4O D-3k 7 b¥ D-lyxose  —
B4  ILZLHEE Sorbitol - §C18 ‘H # ¥ Mannitol + §C41 D-E54% 4 D-tagatose —
B5  FlZ=#F Rhamnose 1C19 1LIZLEE Sorbitol - 1C42  D-#¥E D-fucose -
B6  EME Sucrose 1020 o-FIE-D-HEMF - (C43 Lo -
E a-methyl-D-mannoside : L-fucose
B7 % HF Melibiose - \C21 o-FIIE-D-A T - \C44  D-BTRI{FIEES -
a-methyl-D-glucoside D-arabitol
B8 A {if + 1C22 N-Z - H i e - 1C45 LT hiqfpms -
Amygdalin . N-acetyl-glucosamine . L-arabitol
B9 B[HAf + 1C23 A + 1C46  HIATRERREL -
Arabinose i Amygdalin i Gluconate
Cl  Hih - 1C24 fEARIK - 1C47  2-FRSE-H A pERREE -
Glycerol Arbutin 2-keto-gluconate
C2 R - ic2s Lk w \C48  S-EEE-WAMERE  +
Erythritol , Esculin , 5-keto-gluconate
C3  D-BIffE + [C26 -
D-arabinose : Salicine :

T+ BVERNE; - BRSO W Eﬁ;ﬁﬁ'ﬁ&ﬂjo A FEEAEIN; B BRUEALKRI; C. R FIRRIE ™ RRAS

Note: +: Positive; — Negative; W: Weakly positive. A: Enzyme activity; B: Carbon source oxidation; C: Produce acid from

carbon

sources.
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Vibrio campbellii ATCC 25920" (NR119050)
L Vibrio neocaledonicus NC470" (JQ934828)
Vibrio alginolyticus NBRC 15630T (NR122059)

LE Vibrio diabolicus HE800T (NR036811)
76

49 Vibrio parahaemolyticus ATCC 17802T (NR041838)
Vibrio natriegens ATCC 14048" (CP016345)
75| 99 Vibrio natriegens CCUG 16373 (CP016349)
| SK42.001 (MF193488.1)
Vibrio natriegens CCUG 16374 (CP016351)
36 Vibrio atypicus HHS02" (F1009624)

Vibrio probioticus LMG20362T (AJ345063)

Vibrio sinaloensis CAIM797" (DQ451211)
—— Vibrio neonatus HDD3-1T (AY426979)

[ Escherichia coli NBRC 1022037 (NR114042)
100 L gocherichia coli BL21 (AJ605115)

0.010

2 Bk SK42.001 RERER S HEFRIR GenBank BT 43l BT ERIR 1 000 K
HWRIE BOZ S B E 2r Hs AR REIR B BE
Figure 2 Phylogenetic tree of strain SK42.001. The numbers in brackets are GenBank accession numbers;

The numbers at the nodes are the percentages of occurrence in 1 000 boot-strapped trees; The scale represents
the genetic distance.

e activi 12,0
| [ Relative activity [ Relative activity
100 - gz * ODg, 100+ ] 0Dy, B
S 8ot — 113 S sof e [ 115
z ; ) = + —+
z 60f g Z 60t S
S . 11.0 8 g 11.0 g
2 40} 2 40t
RS =
2 2ol 410.5 I 2 10.5
. : : ! - : — 0.0
© £ S S & & ® 0750 50 80 110 140 20
& & & & F S . .
Y}% &> S O\A (&9 & Qg}‘b Concentration of alginate (g/L)
< <

B 3 BRIEXEK SK42.001 FEERIEIR A BRIAFIEXTEERR U s B TR G U HE X
pA!

Figure 3  Effect of carbon sources on enzyme production of strain SK42.001. A: Effect of carbon sources; B:
Effect of alginate concentration.
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Figure 4 Effect of nitrogen sources on enzyme production of strain SK42.001. A: Effect of nitrogen sources;

B: Effect of NH4CI concentration.
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Figure 5 Effect of metal ions on enzyme production of strain SK42.001. A: Effect of NaCl concentration; B:

Effect of other metal ions.
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Figure 6 Curves of enzyme production and cell
growth of strain SK42.001.
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*2 BERMRBEREOHS FESY

Table 2 Molecular weights of alginate and its degraded products

FE M,, (x10° g/mol) M, (x10° g/mol) M,, (x10° g/mol) M/M,
Samples Lowest M,, Highest M,,

ALG 4.66+0.18a 2.66+0.08a 0.81+0.05a 49.31+1.57a 1.75+0.08d
Al 1.05+£0.05b 0.57+0.03b 0.27+0.02b 35.46+1.72b 1.74+0.06d
A2 0.68+0.01c 0.25+0.01c 0.11£0.03c 7.12+0.41c 2.744+0.03a
A3 0.48+0.02d 0.19+0.00c,d 0.11+0.01c 7.524+0.18¢c 2.44+0.02b
A4 0.40+0.02d 0.17+£0.01d 0.06+0.02¢ 7.00+0.27¢ 2.34+0.06¢

T ANFRVNG TR 1 S5 2R A 2 25 1 22 57 (P<0.05)

Note: Different lowercase letters indicate significant differences column-wise (P<0.05).
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Figure 7 FTIR spectra of alginate and its degraded products. A: FTIR spectrum; B: Second-order FTIR

spectrum.
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Figure 8 HPAEC-PAD chromatograms of alginate
and its degraded products. GluA: Guluronic acid;
ManA: Mannuronic acid.
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MW, Al, A2. A3 Il A4 B M/G 155 H
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H IR (5 Ho il 41.9%I4 N3] 64.5%, Tl
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Ui B AR T BN A V. natriegens SK42.001

* 3 ERERWMERKEREY HPAEC-PAD 5
RS S 4R

Table 3 M/G ratios of alginate and its degraded
products by HPAEC-PAD analysis

R b M/G T ERRERR & e o PR b L
Samples Proportion of Proportion of
M (%) G (%)

ALG 1.53+0.05b 60.5+2.0b 39.5+0.8d

Al 0.7240.02¢ 41.9+1.2¢ 58.1+1.5a

A2 0.80+£0.05d 44.4+0.9d 55.6+0.8b

A3 1.384+0.05¢c 58.2+2.1c 41.8+1.0c

A4 1.82+0.07a 64.5+2.5a 35.5+0.6e

d: ARF/NE R IR 45 5 1) 8 25 1 25 57 (P<0.05)
Note: Different lowercase letters indicate significant
differences column-wise (P<0.05).
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Figure 9 Analysis of enzymatic final products. A: TLC analyses of products, DP2: Disaccharide; DP3:
Trisaccharide; 1: Degraded product; 2: Undegraded alginate. B: Liquid chromatogram. C: Mass spectrum.
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