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[HZE] MEREHWR AN AlgLL7 i T 24, R 3, 5 - sk (3, 5-
dinitrosalicylic acid, DNS) FIZREY — BLBERTE S B2 K072 B8 JE s I Bl & &, PR RAE, N
RVRE . RN pH H ., YR SE IR KRG R 5 5 TR 45 P 26 i e B g S, A A
T WG A T 2 B R 2R Ao G5 SRR WY, AlgLL7 it fige Vi 36 R B 0 e (I T 20 . OB B Oy 35 °C,
pH=8.0, WIGIEYFESEH 1. 1% , Infgak 1.16 U, AR 180 min, 7EMEMET, FEdfd 5
PERTRLMR N 7. 09 o/L, BEf=Pn RG] 2, WAHORE TS (liquid chromatography-mass spec-
trometry, LC-MS) ArHri s MReNBG i 2 r=0) 2o . 6 . = HRIOAE,
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Abstract: In order to explore the optimal conditions for enzymatic hydrolysis process of the recombinant
alginate lyase Algl17, the contents of reducing sugar and total sugar in sodium alginate hydrolysates were
measured by DNS method and phenol-sulfuric acid method, respectively. The average degree of polymerization
was calculated. The effects of various factors, such as reaction temperature, pH, substrate concentration, amount
of enzyme added and oscillating rate, on enzymatic hydrolysis were investigated. The results showed that the op-
timum conditions for the hydrolysis of sodium alginate by Algl.17 were as follows: temperature 35 °C, pH =
8. 0, initial substrate mass concentration 1. 1% , enzyme 1. 16 U, reaction time 180 min with non-oscillation. At

these conditions, the mass concentration of the produced reducing sugar was 7.09 g/L and the average poly-

[WAEAHA] 2018 =07 - 13 [f£E HH#A] 2018 —08 —28

[E£WB] s BARRAEETH (2016]01162)

[MEHERN] By (1994—), %, fit4, NFHEEMBES TR MR, BEER: £k (1976—),
7, B, W, NFEEREYE S, E-mail: yanbingzhu@ 163. com

http : /xuebaobangong. jmu. edu. cn/zkb



- 430 - FERRFEM (AR H23 %

merization degree was 2. LC-MS analysis showed that the final enzymatic hydrolysates of sodium alginate were
monosaccharide, disaccharide, trisaccharide and tetrasccharide.

Keywords: alginate lyase; enzymolysis; process optimization; products
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BB — MM, AFIFRY B - D - HERERERR (M) Mo - L - HPHEER (G) #
AN (1 —4) - i, RS KT MR SRR, TR R DR A SRR Y
A BE b R AP AE

WBESERE (alginate oligosaccharides) J& 4 W e B9 24 MR 7= 9, & HAPUAML . bR |
A Y A K A BTG R, RO BRI S A AT R BRI L L
TP AR B A R AR S i s o S L WERIRAR LE, BRI A S Y SRR,
AR TFRE M4, IFEERR SRR, A2 %4 S 0 SRR S 5 . AP ) g
I 7 A e i S LU A R R SR S i A W TR

I ALEG (alginate lyase) i acf 34 0 00 Al 17 0 AR '), R — PP BRI T L
T 09 DA RS SR A P T o 5 R RA 56, AN [ S VR P 8 9 e SR 7 B Il o P A e e R e
AT P CIE T PR TR A 1 B R i, AR DR THESS S SR Pseudoaltermonas elyakovii [
A Azotobacter vinelandii V) JFEFTH Corynebacterium sp. ALY — 1 P46 35 i L fit 1t .

TESERTARFSE R, AR TR 077 1 51— BRAR B RS 4 W 125 7 T Microbulbifer sp. ALW1' A SO vk
ALW (1% i e 54 g 5L A AlgL17 (GenBank W5k % KY780301) 7 KMAF I b R ih 383k, MR
TR . pH A, JRWIMREE . B SRR T T, DL R PR 1 T 2H 48 S i A g AlgL17
FERRERSEIREN I 250, IRRIE B R IAIDC T 28, LU A R R 4 B T S AR R S kL

1 #MBERE

L1 SEIeH#

L1 FERE Wi AlgLl7 RIGHFF R TRRE, AR =S 0,

L L2 F2arSiks HH-4/HH -8 KIBMEUBAERAR®, EEESARA R WHE.OL,
BECKMAN COUNTER; J092 — I[N M/ B AR R, 7708 L A A PR R 5 Epoch2T fif 2 i
BN, EEO MG FRA H s ACQUITY HPLC/MALDI SYNAPT Q — TOF MS, 2£[H Waters Corp.
L3  FEuUh ey, EAEEML0ARAR, eal; HABRGR I o Hral™ .

1.2 WHIE

1201 WP i S M L A T o R 20 28 DR 1 T 2 8 0 IR e il AlgL17 R A v B PR TR P 4
1. 2% WHEERD AP RN INA250 WLRAPEZE (50 g/L) (%250 mL LB i, 37 «C. 180 r/min JiFRE
Ao 0.6 ~0.8, IMA 25 pL NI -8 - D - HACEFL B4 (isopropy-B8 — D-thiogalactoside, IPTG )
(0.5 mol/L) #EfTAEER SR, 718 °C . 180 v/min £ FI537 20 h, B R REAE 4 °C . 8 000 r/min
ZA B0 min, YEREAEDTRE, A 10 mL 50 mmol/L Y NaH,PO,-Na, HPO, (pH =8.0) ZapEE
WA, VI AT SR A T A TR AR i, HEETE 4 °C L 10 000 o/ min Z5fF T 5.0 20 min, YR |
THW, RIARLIBERR

1.2.2 BRI FH 3, 5 - KR (3, 5 - dinitrosalicylic acid, DNS) ™! 5 i J5
e O A B2 R AIDRR K iR ok 2

12,3 RA RIS FHZEE - sk I R R A A i

1.2.4 SEHREENNE VAR HEHREE (average degree of polymerization, DP) %%
FLIF AR FHRAE = SR/ B SE  HERoEs .
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1.2.5 WEERARRTE JTE 490 WL BT {RFR L 0. 5% MRS e s ia . (A pH = 8.0
) 50 mmol/L NaH,PO,-Na, HPO, Z& My i) , [ erhiA 10 WL MBS, 35 °C & 30 min J5, WK
15 min ZE N, fiNA 500 L DNS 305, 7K 10 min, WEEAE, 7€ 540 nm @ WO R
(o AR R 0 A B TG 7o 48 R 2R I D BTG ) B0 SR T BRI, R
Y =4 1 wmoL IR JFHE ( LIRTAEMETT) s Bk 1 ANEERE S50 (U) .

1.2.6 HRHEFRIKXE 4.9 mL 5040 0. 5% W3R W, I imA 0.1 mL MHEW, TR
AfEr R E T 25, 30, 35, 40, 45, 50 C /K 210 min, £:FE 30 min BUH 0.5 mL, /KA 5 min,
SRIGHIA 0.5 mL DNS iK%, #h/K¥% 10 min, HO. 1 mL W EHBEZE 1 mL, 7F 540 nm 2 06
fHo DAIE IBREAE X A, SFEMATERI G5 T ROV . R HALR R AR, 7 Bk 8 — e As
JEYIBTRR L  IRAE pH (. B ARG R TR R IR, B REMERHT T 13
FEENR

1.2.7 [Emah e 4.9 mL JFE4400.1%, 0.3%, 0.5%, 0.7%, 0.9% , 1.1% [{ifF 3
FRENIRIVA, A 0. 1 mL HLEGA, $220E9Y 1. 2.5 Wi WOC BE(E . UK Y iR 1)
BV [S]) ey, = A R EIEC (1/V) M9 AFR, H Lineweaver-Burk X% & 1k
YRR, KA s R 2 i YV, K, o

1.2.8  EZH 4 P I AL g A A P W o b BBUB 293 88 0. 5% HEBEFR BN 30 mL, A 6 U 3
PEE, 35 CR RN, B/NTHC—IEE, DR & i, il b S mioEnt, #Mn 3 U 83 2
BAREE SN, LA O & B AR AR o K RO /KA 10 min, ¥R4A0J5, 764 °C. 10 000 r/min 5514
TR 20 min, WA FIE R BRI N EEAEY) o Re AR ) EAE T OB AR AR b Sl A
JEiEE A (liquid chromatography-mass spectrometry, LC-MS) #E47508. WA M 25440 KA AC-
QUITY BEH C18 #% (2.1 mm x 150 mm, 1.7 pm), PAVsHAH A (FiE0%00. 1% HR) FEshHH B
(PEFA 80 100% Z0E) SHEATRRBEVERE, iR 0.3 mL/min, A4 AR R [R], 1) R A ) 4% g
)5 8

2 HR5HH
2.1 BERRMEEEN

PATREBERR BN R IR, T DS 32k 0 5 15 50 A 46 e I 2 Mg A4 135 124 11,6 U/mlLg
2.2 BEZRXEEKRERIEREERNEIE
2.2 1 S RS A KLV RSN ARSEAN [ S 7t o 46 o SR A Tl e e 4 e IS A S ), 45 2R A
KL, milE la nl W, HROWVIREEART 35 Cmb, SRl s, o ol A it e p 2z 1 vy, M
P IR TS AR B A RE B P v, P SOS  E AIPRE T3 KT 3 SO A il o > S VR g
T35 CF, IO A i B S O B T R T/, AT RER I B R R T RIS Ty, (A Ak IR
AR o YOI AESS CC A1 30 CH, i s AR iR, 78 35 CF e 30 “CTR B PIAE e
NP, FEMCRIET, PR EEAERN 60 min JGREZE 2, WHEREGELHE TR (WE 1b), X5
I JEORE AR B TR B R ] — 2, R, ZREHE, ROMIERERE 35 C.
2.2.2 MR 3RO BSOS AR RGN [ TS0 Jor i 3 0T M 25 Ttk 40 S JC 1) S
Z5RNE 2 s B 2a WL, YRR M EUR T 1 1% W, 30 S50 AR a i B RGP vk B 8 3 T+
SiTtins AR R P EGR T 1 1% I, IR ISR AR R RN, AT RESE th TR SRR BT
—ERiE, W RAR TIRYIY /L, MRS NRCR s HIRY B O 1. 1% i, b R AR Al
AR, HE 2b ATUL, YRR EON 1. 3% W, YRGB R I R E AR SR
BRI RS 1% I, B AR B2 345 FE R My B2 28 AL B sl AR LR, 7E BB 60 min I, F
KRGEXGEE2, WEMREANE, ZR%E, BHEYIHESEON 1. 1%,
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Fig.1 The effects of temperature on the enzymatic hydrolysis reaction
—a—0.3% 0.5% ——0.7% 35
M —%—09% 1.1% 13% }
_‘: 8 30F 1 —a— (3%
3o 7 o o5k 0.5%
= 6 /[ —— 0.7%
E = a0f ¥ 0.9%
E ® r 1.1%
<4 7 I5F 1.3%
c 3 B
= 10F
£
Ez 5k = o
< 0r- 0 |l 1 771 A«I 1 1 J
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
t/min t/min
a) i JFUREE fL b) Y& G R AL

B2 JR¥BRES B E R R #00
Fig.2 The effects of substrate concentration on the enzymatic hydrolysis reaction

2.2.3  pH {HXS SN RYSE0E RS PR RO b R SE AT v BT ) 52 A SR TG 1 8 5 RS LA
Lo e FE VA ) A Y R PR R S MR A SO W A TSI R, AT TAR e 32 3 pH (ELAYSZ M), 2 T 52 MR il IR )
MBS & o RGTRONR R ANTR] pH RO e 5 e S B e A A B A A 52 ), 45 2R AN 3 B A pH < 8.0
i, pH {E AL FX 16 A R R R A A SR, B pH = 6.5 Ab, MR Nl JROR A i B pH (ELAY 3
P TR s pH > 8.0 W, i U A G B SON I TR] 3 g fn, 180 min J5 & R REEH; pH =8.0 i)
A SR S, TEMARET , B SNIN E] ASEA , 3 JOE A R G BE AN, 7E 180 min I8 J5UAE
A ik (WK 3a), FEIRGERETE2 it (WIEI3b) . Hig, #h#E pH=8.0,

2.2.4 DRSBTS RLAORER  ARFEISTAA FRAN [R]AINE Xo 08 e AR T AR AR A R S A 5, 5 2R
K4 PR o SOVARZR PSS E B, SRR R A AT . i 0. 1 mL H10.2 mlL (S i 4
FOVBrES AT I =0.3 mL i, SR RAREHARIT, (EFART A Um0 1 mL #10.2 mL
IR (W 4a) , TERY—EMIEOCT, BRI, bk 1R, M PUARPEpRAE. e/
150 min FFAPA OWARZR Y DP {EERARN 2 Zid7 (UL 4b) . PRI, T2, el 0.1 mL,

2.2.5 PRGN BRI PR R AN [R5 T8 3 X008 A 5 SR A Tl A e e 8 ) 2
ZERME S R, TERIRGHEET , KRR LR s A, FEpE ST, B8-F-8 i I
AR (UL 5a) o SFI9RA RSB, 7F 150 min FERRARGE R RN, DP (HIik2 A4
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(ULIE5b) o 5 ERTik, 4R s A0 W S A WL o NI, T 9 RETR A f E 5 8, BE A
PRV SOV ANPRE BV 180 min, A (b JER BWE O 7. 09 o/L, SFEIREH T 2,

p(ﬁﬁ?ﬁ% Reducing sugar)/(g'Lgl)

p (I JFEHE Reducing sugar)/(g- L)

p(ﬁﬁ?ﬁ% Reducing Sugar)/(g~L_l)

A U O 9 ®©

[O§]

11r

i —— pH=6.0
- \ ¥ pH=6.5
\ —»— pH=7.0
—#&— pH=7.5
—a— pH=8.0
—&— pH=8.5

(=)
T
-

—e— pH=6.0 —%— pH=6.5

—=pH=7.0 —*pH=7.5

—s— [H=8.0 —*—pH=8.5
] !

R A DP
S = NN W A N NN 0 O
T

0 1 1 1 ) 1 L 1 L 1 1 L )
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240
t/min t/min
a) i JFE AR 1L b) IR G B AL
B 3 pH &G #F K 550
Fig.3 The effects of pH on the enzymatic hydrolysis reaction
8 8r
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Fig.4 The effects of enzyme dosage on the enzymatic hydrolysis reaction
8 . r
| 6l —*— 0 r/min
—@&— 30 r/min
6F 5L 60 r/min
+ E —— 90 r/min
5F it 120 r/mi
M 4 | rymin
o
ar ®
—— 0 r/min & 3f
3r —m— 30 r/min B
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2 —3— 90 r/min
1k ~#120 r/min 1k
0 1 1 1 1 1 1 J O 1 1 1 1 1 1 1
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5 R IE R ER AR R R A S
Fig.5 The effects of oscillation rate on the enzymatic hydrolysis reaction
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2.3 HAESH

I 2 S 5 TR S T o e ) 2 7 A R 1) SR g
IR, FOEEBAIEREAE 1V -1/ [S] ihk, 45
FE 6 iR, MG RERASEER K, 4 20.31 g/L,
Vo H 2.68 U/mL,
2.4 EBRFEMIMGE ST

FIH AlgL17 [t semasn, W H i = P i 47
LC-MS 43#7 o WAR 03 0 1 v, g 356 TR M 2 i 40 3
SLEAS BRI} ] 5. 28 min £ 6. 94 min R4 RS FFEI04&
(WL 7a) 5 AREGEEFERREIH LC 0 & Wos 76 Ok B
iHiE] 5. 28 min 1 6. 94 min AfELENE (LK 7b) . %
FH MS XFAH 2 — 20500, ER R,
FEYPE Y IR A BE RS fr FLARFE [DPx-H] ~(x =1,
2,3,4,5) N1 (Bt 175), 2 (Jﬁﬁttj@
351), 3 (Jifi kbl 527), 4 (Fafij bl 703),
(Jifar bk 879) o M 7e RIAHL, WAH L 5. 28 min

é—/mL-U-')

8 y=7.588 1 440.373 7
7k R=0.998 8
6 -
5 -
4 -
3 -
2 -
1k
O 1 1
0 0.5 1.0
1 .
L e
[SI"°8
& 6 Lineweaver-Burk XX {2 #5180 & i £

Fig.6 Lineweaver-Burk plots for determination of the
kinetic parameters of enzymatic hydrolysis process

(i 2 rh A SO . A =B AR Td RO, 6. 94 min Y 0P AL RE SR, TORE . BRI
W8, GERRM, W BETREN AR MR R A AlgLL7 WA s . M. —READURE
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Fig.7 LC-MS analysis of enzymatic hydrolysates of sodium alginate
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3

i
FEARIRT Microbulbifer sp. ALW1 FME B ZL R MESE N AlgllT AE RIpFT s P B AR IL, B4 A1

R A B AlgL17 B folh R A5 1F . SRSy 35 °C, pH =8.0, WIRIRYIFR /T HON 1. 1%, T

1

16 U, ARG 180 min, iKBNPAFIS, A b JERE BRI E 9 7. 09 o/L, PHIp)-FHRE

JEH 2, LC-MS 3#r i8R, MEsemReNmEfip 2 W) o0 Spl . 0. —BEAIDOH
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