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Abstract: The aim of the study is to determine the dynamic process and technical conditions of alginate
degradation by the recombinant alginate lyase from Pseudomonas syringae. The contents of the reducing sugar
and the total polysaccharide were determined by 3, 5 — dinitrosalicylic acid assay and phenol — sulfuric acid
method, respectively. According to the ratio of reducing sugar and total sugar, the variation regularity of av-
erage polymeric degree of the enzymatic hydrolysates were obtained. The influence factors in the enzymatic
process were studied, and the optimal conditions for alginate degradation by the recombinant alginate lyase
were determined. The results showed that optimal conditions for enzymatic hydrolysis were; temperature
25 C, pH 7.5, initial substrate concentration 7 g¢/L., enzyme 0.48 U, and reaction time 210 min. Under

these condition, the concentration of reducing sugar reached 0. 878 g/L and the average polymetric degree fell
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to 3. The enzymatic hydrolysates were identified by mass spectrometer and the final products mainly included
monosaccharide, disaccharide and tetrasaccharide.
Keywords: alginate; enzymolysis; process optimization; alginate oligosaccharides; degree of polymer-

ization
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FHHGBEIE (alginate) . ¥ HBETEN (laminarans) FIHGEEMENL (fucoidans) G2, IR EETEA
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ApiEdE, BEfRUHEA AR . BRI IR PUMRIAED SRR A A 1 T SR Y T ik
FEAAETE . WG A I R SR 2R A BRI RN B RN
BCEREE 15 YL A5 i w BRI s 3y vk B R T A2 ik R o sk i, (B AR THOR & 45 i HL = W 2
Ao R B AR A 7 M S S hE , A SR, B AR IEIRAN . IKFE= AR G0 madR | Im T 5
Ao AP IREE LR, AR REPE B S . 2 TRR A | BT 2 A D T RIS 1
PR TR TFBe

SCHR [12] Bl TR B M ( Pseudomonas syringae) ¥ PR SLRBEIED | FFAE KT IH
TR BRI, 193 7 HEHNME B S ENE, ZEA KGR ATE Sy, ASCIEIEER b, Sl
PR PR Z AR I PR U WA PR AR AE SRR A Y 25, R B AC T 2281, ROt ol =4, LA
U Sy il 15 I i 4 R R 9 R SR S B W)

1 #MRtE7R*
1.1 FEMRSUEE

HERREY (EZERERFARA ), feopal; HAbi R o ralir= b &8 S
W ( Pseudomonas syringae) ¥ 24 B 3L K ( GenBank & 55 AF222020) A9 KA 1 T2 78 ¥k
FH AR S0 2 A BRI AT

B AL Avanti J - 26S XP (BECKMAN COULTER) , /NEIES 3 B0 HL Centrifuge 5415D (& [E
Eppendorf Co. Ltd) , FCRfHIEAKE HH -4 B (EAERIBSARAA), mBH#E R IR %K iE DK2 -2
( BWRE S A A B F]) , AN UL BT Unic7200 (¥ JLJe MR A R Hl) , MALDI
SYNAPT Q - TOF MS ( Waters Corp, USA) .
1.2 Ak
1201 ol e SR fk Pt AHL Nt ek 1) ) 25

H SR A R KA I TR AR RN T LB (Luria - Bertani) }iFR4E (& 50 pg/mL RIIS%E:
%), 37 CHiFEE 0Dy, N 0.8 ~0.9 Ji7, MA IPTG LU J 0. 1 mmol/mL, 22 CiEFHiL 16 h,
1000 r/min B5.0> 10 min, WHEER, 0.2 mol/L NaH,PO, — Na,HPO, ZE ik (pH =7.0) FEEIK,
TEVKIE ST A IR ET , 4 °C F10 000 v/minB5.0r 10 min, FRAGAY b9 B A R AR
1.2.2 P s 7 vk

KH 3, 5 - KRR (DNS) ik T E
1.2.3 MBI SR B TS I

460 WL 5 0.5% (i) MERR4MNAY 0. 2 mol /L NaH,PO4 — Na,HPO, Z ik (pH=7.0),
T 40 pL HIBEER, T 30 °C /20 30 min Ji, FHHBKZER N, IA 0.5 mL DNS K5, JREG JCi
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JKVE10 min, FRRAKRHE, SRJE T 540 nm B IS SOSR A EEE 1 iV A R o i e
TRJERR S 5, PR SRR A T TSR S A ST ), AR S RS ) SRy BRI
BT, BBk 1 wmoLl 3B J5UE (AR HETT) Prs AUl 1 ARG )50 (U)
1.2.4 W FHRA BRIk

FAZRY — BRI A2 A 22 v A BB B R R A0S 24 R 5 R B 5 £ 15 30 RO 75 B A EU A
HAHBUEEL
1,25 BAPR 3R 505 7 s T g 2 e T T A 5 s 1) 1

PRI 8 J i FO 7 3 TR S VA T 0. 2 mol/L NaH, PO, — Na, HPO, Z ik (pH =7.0) , Mg
5 o/ LG BERREAVA . I 10 mL VAR A 50 mL B2 = A, FEINA 0.5 mL 45 78 1 %4 fif: B R 16 ik
(1.6 U/mL) , TE—@E R T IHF7/KMEN 210 min, HAER 30 min B 0. 5 mL Ff#ER, WK 5 min
LR, AR o i, R R P R A AL, R RARAE B — B R
EREE | KA pH (. B AR . RS ORI TR IR
1.2.6  [f#Esh 124508

3 BC A [R) o e v B O BE R B (1, 3, 5, 7, 9, 11 g/L), 5 TE AL REAE AN IR o i ok 2
R ROBES J1, DL A 00 JEORE 3 3R A 150 (1/V) AR AR, TR 00 965 T8 T 0 14 Joi ek ok 38 10 80 2
(I/ [S]) mkEredr, H Lineweaver — Burk XUBIEAERIIEAER], KGRV, FK
1.2.7 W00 B 2 e

PL7 o/ LIGFERRENIAW (pH =7.5) RMIEY), N 0.48 U, 7£25 CH&MF NN 210 min, ;=4
WKW 10 min J5, 10 000 v/minf5.0 10 min, UL, #%1:3 (FLL) i ATk R, |’
AIGHFE 2 h, UUEZLHE, F 10 000 r/min B0 10 min 5, WE LW, B LR Q - TOF MS,

7

2 HRESW
2.1 HREHRKRE
2.1.1 RV

FRARE 1. 2.5 BG4 55 SN TR) ot R 10 TR 0 X 4 o e S Tl o A S s A s g, &5 SR ]
1 FiR, M la AT, SIEYIREIREE/NT 7 o/ LB, P0G B MR A A 1 30 SO & et Bt JES 4 okt i
WP BB R R MR E R T 7 o/ L iF, BRI O3S K, 0 RO AR A 18 RN
. P 1b S JEC WA T 5 il ik S IO A 2R 1 - 1) 3R B A IS T 90 L 19 3 47 o YR B 1) 48 1 77 Az
W, RO BN, SPYRA MR, AT LS R 7ERE —E AT, IR R
RN, M I A S 2 AR IR R 210 min IS4 BE LIS 3, LAk I A o B 45 B A4
RAS B Al g RO AE 210 min R FRHEAT | o OB A= R A FES

FRARSEE IR, =40 ) RS RS2 A4 2R v B AAPR B Pl f R L S SR 2 S RV e R il A B LA
Rtk , MR RRERARE, PR EED T BRI, RSl AR SO SRR SR R 5t
O, MR R AR — Y FE I, A A SRR 1 RS 4 R T B T R i, MR R
JEM G R, o TR ORI (BRSSP AE A BN S N A B TR R b R A ) 45
DR 22 fff il g R P AR G S5 IEE P 5 A B BEL T 8 A, T L 214 S 0 T e e A R e 3 TR 7 B 1 oS 3%
HIUE,  DHE S M2 1 A g o AR S 5 e, AR BORE SRR B I VR FE N 7 o/ I R AN T R et
2.1.2 JRYIVAI pH (E

TR M A B A 5l pH (E AR —FE, 48 BRI S B A Bl pH (E— B0 7 2oy, s PR ol ik
(0 25 1F T AT RE (A0 15 PR o A G A T AR PR R0 P AR 1. 2. 5 SR IE, N SRR I AN
Tvi) I {1 X546 5 M S o4 i 400 5 2 ) AR AR AR A2 ), 25 SRR 2 TR, MBI 2a RTLAR H, ERRYE
T, pH (HMASLXE SRR B 2 A, Y pH<7.0 B, A5 SGR JERE Y R B pH (11
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PR ARSI, 2 pH =7.0, 7.5 BF, AR JROME 9 & 18 ) d5e =y HLIEAAH R, [WIA v F 3 Ath pH {E
SRR IEREAE A s 4 pH > 7.5 BF, IR JERE SRR pH B A B I RE T T R B BN B[] SE
K, AR ERE R EZAS RN, 90 min A JFMEAE BB, pH 2 7.0 M1 7.5 BFRAEA L
P—F, 7F 90 min JEAFHAL (WK 2b)
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N / 7t $\x\ DA
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g s 027 2r
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Fig.1 Effect of substrate concentration on alginate degradation by alginate lyase
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Fig.2 Effect of pH value on alginate degradation by alginate lyase
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AN [R) JIN lgE Xo 46 24 JC AP A e 48 R I A Ml ip e R 8k, IR 3a WL MY, (RN T
0.48 U I, i J5UHH ™ f i 1 e e At g 12 (3 IS8 i s n 5 Mg K T 0. 48 U I, 36 5™
A e T e il e O N AT B A, DA B g 2 I B AT, RS T R R A — S Y
W, BT SRV SR 2T, MR MR R A R AN, BTLA, BT R,
SIRWES G TR B, JKAR SN AN 2 BRI R OR NG Rks A B 5 I, 4 R R A Tl
FHELL0.48 U il , 7EMCARMET, RABEAES 90 min JGFEZE 3 HARFEAZE (WK 3b), H5iE
b A o A 8 B RS E AN 1] — 2
2.1.4 B

5 G [ U 8 X i J SR e T o ik i e 1 sh 25 i B A 2, 25 R LR 4, 8] 4a Bk, 2
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B 1F 30 CHHA = Bk 8l m . ok, B SO A A3 h, 25 °C F1 30 °C B ik 5
WA R AR R, DRI AR BR R0 s % b8, T Kt B IR ﬁ 25 C, EMAKMIET, FHREE
TESNE 120 min JEFEE 3, WERAEEAWE TR (WK 4b) , X530 50 A il ik 218 e 10 i )
gﬁo

—=0.16 U =032 U048 U 0.64 U = 080U

3 09r 8 N
£ 087 , e 7t
g4 L ~ \
% & 07 / /a///ﬁ =9 6r .\'\.___’L\
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Fig.3 Effect of alginate lyase dosage on alginate degradation by alginate lyase
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Fig.4 Effect of temperature on alginate degradation by alginate lyase

2.1.5 Ry

U SOV ARG BT, S8 SRV ARl Sy, SO A R A BRI R
TS SR AR FEAT %mTI_J%/Z@?T%%@%H&W%@EV%@%%«E’J@Eﬁ@ﬁ% Ak, ZERUWE S,
Kl Sa AL, HERGEAEF 0, 30, 60 r/min If X546 e AE RLA B R A 52 M0 AN TR, A s TR ) i AR
M, BE S AT, FERGER N 0, 30, 60 r/min SRR R BV B A o2 R 3, 24
55T 60 r/min I, G0 JEURE £ 0 B SN TR AR 2R T AR, SR 5 38 B AR AR AR I [R) 3, e 4IR 9 T 32
O v/ minff, BEEFE 210 min & A R 0. 878 ¢/L,
2.2 BNESH

MRIERR RIS R, 75 pH H8 7.5, B &N 0.48 U, RN 25 C, #E &0 T
210 min, € [7] — % ) AN [7) 5T 28 VK B %) 52 W 90 3 %8 Lineweaver — Burk AUEIEAHLG R, v =
3.0831x +0.577 (WL 6) , THEA5 34 iy e 240 il S 1) K (60 5. 34 mg/mL, V,, A1.73 U/mL,
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2.3 EBEFEYHRES T

M7 AL, AR OS5 S5 AE 183.02 (M +2H ), —HHII(S S I47E 460. 08 (2M +8H " +
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Fig.5 Effect of shaking speed on alginate degradation by alginate lyase
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