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Enzymatic Properties of Laminarinase Lam128A from Microbulbifer sp.

ALWI1 and Antioxidant Activity of Its Enzymatic Hydrolysates
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Abstract: The enzymatic properties of laminarinase Lam128A derived from Microbulbifer sp. ALW1 and antioxidant activity of its
enzymatic hydrolysates were investigated:. Recombinant laminarinase (rLam128A) with a molecular mass of 70 ku was heterologously
expressed in Pichia pastoris. The optimal reaction temperature and pH were 45°C and 5.5, respectively. The enzyme was stable at temperatures
below 45 °C, and the residual enzyme activity did not drop below 60% following treatment at pH 3.0, 5.0, and 11.0 for 96 h. The reducing
reagent dithiothreitol promoted laminarinase activity. rLam128A showed good stability in the presence of the chelating agent
ethylenediaminetetraacetic acid as well as certain stability in the presence of the detergents Tween 20, Tween 80, and denaturant urea. Following
laminarin hydrolysis by rLam128A, theICso values of the hydrolysates against DPPH, ABTS, and OH free radicals were 7.12, 1.01, and 2.40
mg/mL, respectively. These results indicate that the enzymatic hydrolysates exhibited more significant antioxidant activity than the
unhydrolyzed laminarin. The above enzymatic properties of laminarinase Lam128A from Microbulbifer sp. ALW1 provide a theoretical basis for
its application in the development and utilization of biological resources of laminarin.
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EATZBE (Laminarin) J&—FKiETERIRZHE,
FESRIE T (Laminaria digitata) “SH3E400E, &
MR E B 20, 2 A 35%12, A2 hE
S M B-1,6-IE I 2t B-1,3- 41 SR WE 77 1, Hahmy
FRIEBE SR R AAAE 22 70l AT 2 W8 v A b AL AN
R G SRR P BIRIaa 5T, T8 T ] A Ao
W, BAnZ MR- AP Pkt brgeif
P ANPGRS AR s, BTV R B,
HATCAVFZ AN T BAT 2 RS, BlanotiEi
BEEARST, o5 At POV Bl K R0 FH T IR P L
AL—VesR, MR RNFARA 7295 T,
HAR R PR byl D0 i 2 TS5 R i, O BAT 2
BHPE ML TV

AT 2 il (EC 3.2.1.39) XFRAMNYIL-1,3-H %
R, &Pl L — VKB 1,3-H b T (¥ 8- 1,3- it
Pl BATZ RN, EIRE . HE.
TEYIRIRAR S DA, A Gl R 1 ) B SRR
TR B AT 22 WG 3 2203 )8 T WE E K il 17 oKk

(GHI7), T2 KR BAT 2 Bl 3 298 T GHI6.
H i S RE 7 B AT 2 WE e 0 A A P B 455 i 2R A
Ek ( Pyrococcus furiosus ) U2 . 2 ZF i

( Paenibacillus sp. ) U3 | 4} 4 1k 4} 4

( Cellulosimicrobium cellulans ) . i V21 Wg A

(Rhodothermus marinus) ), KA EHE (Rhizomucor
miehei) U, JAMNEE (Aspergillus fumigatus) M35

FERTIAR T, DB i e Jp 125 B i
ALW1 (Microbulbifer sp. ALW1) U814 2 i #k ) 43
R RN, FER Lam1284 TRlGm At A 22 P,
ARSCHAT IR B B AT 2R Lam128A 1) wfERIX . B
SV R A ) B P S TR T, O AT 2 B I
Lam128A B Al Lk 1k — 28 77 R A FH 42 41 21
Hefitt o

1 RS
L1 EEHHERA

HEANE Microbulbifer sp. ALW1. E. coli DH5a
Pichia pastoris GS115 LA K& pPICOK JFiHi 51 R A 526 =
{R78. 10 kDa [FIEEIEES 0B A Millipore 23 )77 i Tag
DNA %41, T4 DNA EH:MF. ANTPs. Not 1. EcoR 1.
BCA & [ il i X7 &4 TaKaRa 2~ &) 7= fs kL
DNA /A0 &0 B AR AR A R A F
DEAE-Sephrose Fast Flow [ & + 3¢ # # JI§ N GE
Healthcare AR =k BAZHE. HE&= 20, nlatt
TEN . ARG T Sigma-Aldrich A ®); A7 B SR

F ELICITYL-OligoTech A #l; HARAARAII A 1T
afig e i

12 FENBEEE

Avanti J-25 AEE LML, 2 EH Beckman 2 7 ;
Epoch2T & MinX, 2 BioTek Ar; #HTEAL,
S&[# Thermo Fisher Scientific A@; fHiE/KB#, i
R R LR A PR AT

1.3 o7k

13.1 %A %458 Lam128A #9 5 7| - #7

FIFH ExPASy () ProtParam 1. H. %t B Aii &2 K fig
Lam128A /] DNA M&E AT Bty FEFMEH
RS BRAGE T R AT S A SR S 5 KT T A
SignalP v4.1 XJ B4 2 Wi 1¥)15 5 IR EAT T . ZERR K
WAEYEVERE (Carbohydrate-Active Enzyme, CAZy)
K SR [F) SRR IR RIRFE B A 22 B 1 2R
A, AL MEGA7.0 1 2 5 i B B A 2 i g
Lam128A [ARFLK G
132 B4 % %8s Lam128A &9 F[& & H 1 Bk
B AR A

PAGH  ALW [ 5E R A, R IE R0 514
Lam128A-F (5-ATTTGCGGCCGCTATGACTGCAGTG
CAACCC-3', FXRIZ N Not 1 £ /5 Az [ 5] #)
Lam128A-R (5'-CCGGAATTCGCGATTGCGGATTTTG
TCC-3', FHRIZ N EcoR 1 {7 f1) ¥ 1 B AT £ b il
Lam128A H:[K, H4 H ()2 [ 5l 2] pPICIK #ifkr,
I 5 IE DNA P15, I B 7RI RE GS115 ZH i
FKIXAMES. BEH A2 Lam128A JE K15
FREERE GS115 #0hT YPD Fh 1853738 (20 o/L JEEE A
JlE. 10 g/L BERHRECY). 20 o/L Hi%i9E . pH {4 6.0 1,
30 °C. 220 t/min 35 9% 18 ho KR ETE 1% BN
BMGY #5775 (20 gL SR, 10 g/L BERHZE)
100 mmol/L BEFREH. 1.34 /L YNB. 4x105% 4% .
10%H, pH{H 6.0) 1, 30 C. 220 r/min BH{TH; 7%,
4 ODgoo 15 2 3.0~5.0 BF, FE AT B AITIE. 772 B,
JEA 100 mL BMMY 15572 (20 g/L 2 AR, 10 g/L
BESZEU). 100 mmol/L RN\ 1.34 g/L YNB. 4x10°%
AWIE. 0.5%HEE, pHH 6.0) HEREM, k80547
9% (30 C. 220 r/min). FEFE 24 h, FZ4AFIEL 0.5%
BRI, AT BAT 2 BRI 5 3R0A .
BIETdJE, 4 CHMET 8000xg B0 20 min, FK1FHI
ISR BAT 2 BERG RRHBGR -
133 FHRA SR (trLaml28A) 6949 B sk

FIF 10 ku (I B BERRE Sk AT IR 4R, R4
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% 50 mmol/L Tris-HCl 22 (pH 1H 7.0) &M/,
I F£F DEAE-Sephrose Fast Flow B & 32 4t JZ 1 #4:
(1.5%10 cm)o FHAHFZZ MY LA 1 mL/min BFIE AT
TR, FR R ODoso #4IE 25, FI 75 0.05~1.0 mol/L
NaCl ] 50 mmol/L Tris-HC1 2230 (pH 1H 7.0) 22
LA 1 mL/min [0 25 6 8 TR MRV . 7
280 nm Ab MW BEBE, FEHEAT BAT 2 BRGS0 E
WA B S R RE A, R 50 mmol/L Tris-HCI 2
M (pH1H 7.00 #473EHT. FIH BCA & AU 2 it
EERE S EAPREE, FFiE1T SDS-PAGE 73 #7 .
1.3.4 B ZHEEg6y & <
K 3,5- A3 KR (DNS) 1205 EAT £ Wil
(I35 771200, BY 450 pL ¥ 5 mg/mL EAR 2 MY
(T 50 mmol/L BEFR#HZZ MK, pH A 5.5), I 50
uL BATZ PR (0.5 mgmL), T 45 C4MF R &M 30
min J5, A 500 uL DNS 5055, #h7K¥#403 10 min /5,
E 540 nm A0 E SRR GE . 78 FIRFAE T,
K AR 1 pmoL IE K (AR &TRELT) TR
[l 1 ANERE 1AL (UD.
1.3.5 ERBA S AR R4 F DT
DL S mg/mL fRATZRE, W& L2k, aliE e
R A SR AN B SRR A IR o D B 7, T
FUBERT A [F) W58 R K AR BB T - 23 s SOl g
W (0.5 mg/mL) AN 450 uL H N R BT
50 mmol/L & 522 ¥, pH 18 5.5),45 ‘C XN, 30 min
J&, IR DNS vl B rE 71 -
13.6 RBEMEHELR LGB LY
DL 5 mg/mL B A2 i SRR s Wl e A TR
(25~65 °C) N rLam128A WIiE A4, VA& B /1N
100%, A 721 F il Nl e FF tham128A B T4
[FIERE (25~60 C) AFALFE T h, MEEFHIFRATE ST,
DL AR £ #4432 1) B 0 T8 100% ,  AF 9T IR FE XF
rLam128A F&5E AR
1.3.7 pHAAM ZA R A %458t Fofl g th by
Bei A [F pH ERIZEr T : 50 mmol/L BEfREhaz
W (pH {# 3.0~6.0). 50 mmol/L W& h 22 (pH 1H
6.0~7.0)-50 mmol/L Tris-HCI(pH & 7.0~9.0).50 mmol/L
H%&#R-NaOH (pH 1 9.0~11.0), 7EA[E pH M1~
W5E BRI S, LA =il 7179 100%, 9% B AT 2 4
M rLam128A 1 5 & & v pH 15 . 4 B A £ bl i
rLam128A fEAN[A] pH {H 241+~ (pH 1A 3.0, 5.0, 11.0).
25 ‘CHLFE 120 h, AFB% 24 h K60 B AR 2R rLam128A
(ER AR 77, AR EERIEGYS /128 100%, W5 pH

178

RN} ERAT 22 B rLam128A Fa s PERFA
13.8 ZTWFA SAEREG ) ) 5K

FH 50 mmol/L BEfRERZZ M (pH 1 5.5) LA
N 0~18 mg/mL ) B AT 2 WS W, K BAT 2 0
rLam128A 737l 5 AN [RIAR BE 1 BEA 2 M B v, U e g )
1% 71. #IH Lineweaver-Burk XUEE/EEIE, THHEMZ
Bl rLam128A. (15 K RNLIHE (Vi) GK IR EL (K)o
1.3.9 WFEFNELLA S IEIAE T P F 0

¥ B AT 2 KB rLam128A 43 5 | FH &K E N
1 mmol/L 8% 10 mmol/L KA & B E F. LIKE N
2 mmol/L 8% 10 mmol/L H & J&# &/ 4 & 1%

(EDTA) AL JEGR G JibEiE (DTT). Z&IREEH

0.2% Cm/V 5% V/V) 8%:2% Cm/V 8% V/V) )2 35 7 [ Triton
X-100. Tween 20 Tween 80+ 1 kS ERH (SDS).
N ke g = W IR 5 (CTAB) 1. K FEN 2 mol/L
8¢ 5 mol/L MR MR Z, fE25 CALIE 1 h 5, WlE
rLam128 A R AR BEIE ., LR 240 il A 3 1) g
T J18.100%,. WFFEA 28050 %) rLam128A F25E 14 ()
I
1.3.10 BEM& = 469 %) & B AL AN E A 7

FIF 50 mmol/L FEPR 22K (pH {8 5.5) HCH
10mg/mL 1 EAR 2 BEAE, 100 mL JEYER I
2.6 UE A B A Z Wi, 40 ‘C/MN 120, FBKIBLETE
10min. 4 ‘CZ/FF 8000xg &> 20 min, FIH 10 ku
(106 008 9 L0 I A IR VRE A TR, W e
W AHETHREM K. 2% Zhal' 85107k, SR
VDG DPPH [ B 5. ABTS HH#E. -OH H N
e ) I BAR = IE IR Re 21370 5E , i TRl A =4
IUET AR A Ar TG
1.3.11 HIELE

FRHRIE W E 3 AT, BN Excel TAHE
SFYME, FIF SPSS Statistics V17.0 #4047 2 5+ B2
P (p<<0.05).

2 FER5L

2.1 A BAT & b Lam128A 8 J5 71| A

TWIEE ALWI 1 BAT 2 PEE Lam128A J:RIFF 1K
B SEAE 1545 bp 4L, SmfiS A 514 NI E A
5, TR FS 7 T &N 54.46 ku, FRE pl N 4.16.
1-23 NREERRIREE TN AE 5 K. KRG B,
Laml28A 5 Lentinula edodes K 5 W] B i % ¥E B
(BAL27560.1) fE[F—4r3 (1), J53& & GHI28
FIEHIRER, SR HOE i RAL 2 BN )8 T
GHI128 K.
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50 Lentinula edodes BAL27560.1

Lam128A

GH128

I‘Al'{hmbn('[er sp. YCWD3 BAA04892.1

00| GH64
! Cellulosimicrobium cellulans AAA25520.1

Arthrobacter sp. NHB-10 BAF52916.1

GH55
100

Ce irup is 2022 ADQ45027.1
,7 Rhodothernus marinus AAC69707.1
| ‘ GH16
100 Zobellia i CAZ96583.1

—
0.20

1 HOEE AW B SRR LB ST
Fig.1 Phylogenetic analysis of laminarinase from Microbulbifer

sp. ALW1

22 RAW S ¥ Lam128A B9 bRk 5 R

Gl

1 FH R R M T Pt e P ot 308 2 1 HEA T ARSI,
F BATZ R rLam128A FIK/ME 70 ku 247 (B 2a),
KFHERTMAE, 7T 62T & ORI S .
ity PR SRR S 14 23 BT 7, TR rLam128A B 16 B
R (B-1,3, p-1,60 BARUFIKMEHERESS, X E
22 (a-14, a-1,6). FIEMER (a-1,4). KEWE
(B-1.4) AL EHREM (-1,6) MK ARRCRA
& ( 2b). rLaml128A X ik £ B 15 ek ey,
rLam128A F2AEH T 50 4-1,3-WE E 1) BAT 2 PH,
RHH R —MB-1,3-7 FKBER . rLam128A HIEYIFT 7
M5 Flavobacterium sp. IR 1) B4 22 M B AR AP0, E
53k H Vibrio. campbellii ) B2 FERGAF], J5 & 51

W (B-1,3) AL, (e 4 —hE
(B-1,4) FIHEHH—F% (B-1,6) 22,

a M 1 2
ku

200
150
120
100

AR 71/ %

M. m . W .

° EAT 20 A 22 20 nA R ARREE A EA SRR
7|
2 RANZHENE Lami 28A BURSMRIE () RIRHMHFRIE (b)
Fig.2 Expression of laminarinase Lam128A (a) and its substrate
specificity (b)
A: HatMARTEREZES: | ARIEREH S 2
A A& F BTN S

23 EHRA LAEER ST

R 1 —ERIFRIR T 2 PEESHIATRE A oH FRE M

Table 1 Thermostability and pH stability of some characterized laminarinases

KR &R/ C ik pH AR AL pH {EAL =
Microbulbifer sp. ALW.1 o . .. pHAE3.0. 5.04=11.0 FTAH 96h,
. . VAT 42 FAET . s
(KA %) % S5 A CATAE 60min, RBRE T kit s0nto K4 A
. . . # pH 14 9.0 422 30 min
inflata” : £ , LB MO
Arca inflata 40 6.0 F£ 55 C&32 30 min, LEGE A 288 20 30%85.55 7
S. cerevisiael®¥ 50 6.0 H 37T CRUATHRHEAR pH 14 5.5~8.5
Aplysia kurodai® 50 5.7 45 CA 3 15 min, &9 50%E57E 7 -

FE pH 1 9.0 432 90 min,

jg[26]
Streptomyces matensis 55 6.0 1259 24 20% 8515 /)

50 CUATF 432 60 min, PR+

F£ pH 18 4.6~6.4 &£ FZ 2 N,

. . , r 7]
Mitsuaria chitosanitabidd 52 52 1269 2 80% 515 /)

50 CAE2h, PRE 40%8E57E )

TE AR R rLam128A [3E 17, K I Fod
SN 45 °C (& 3a). IZBEAE 25~45 CAEFE 1 h
Ja, BRARBERETELE 95%UA by £E 50 CALBE 1 h )5,
5 1R 39.37%C 3b) o rLam128A 55K H Arca inflata
(1) A 2 BEBE2S U3, 72 55 CTRRME (R 1); 1M

S. cerevisiae KU I AT 2 HENE RAE/NT 37 CHITE L
TREPY (K 1); Aplysia kurodai KR AT % Wi
AKLam33 7£ 45 'C R 15 min J&, FRAREEE /1{0E
50%2 (% 1. EAE pH EHZR I E BAT 2 il
(3% 77, BE O SO pH E N 5.5 (B 3e). 4 CoAF
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N, 43HI(E pH 1E 3.0. 5.0 A1 11.0 24144 FALHE 96 h )5,
B EAEEE 15 60%LA . (& 3d), 15 BAE SRR AN 5

T Sk H Streptomyces matensis?® F  Mitsuaria
chitosanitabida® ) BAT Z il (R . MR EHE

R, BB E rLam128A (1) pH Fa i M # AR5 4 . M ZWERGB) /122 B Koo M Vinax 539 4.34 mg/mL Al
rLam128A 7EARIGIRIEAIBEIE 25 AF T 1) pH ARG EMEIL 021 U/mg.
a 120 b 120f
100 F 100
X X
< 80} - 80F
R R
560} B 6oL
B a0t & aop
20+ 20
0 0
B/ C
¢ 120r w4 2T
100 - - ﬁﬁﬁx NS AU 100 -
o - Tirs-HC1 o
< 8o} o fmmNoon S sl
R R
§ 60 § 60
= % - pHfE3.0
‘:é ) ;(:x ) - EH{ES.O
20| 20| = pHfE11
04045 5055 606570 7.5 80 85 90 95100 LA— 2 28 72 % 120
pHIt 1A /
& 3 REEFApH X rlLam128A jEMEFIFE E MR NT
Fig.3 Effects of temperature and pH on the activity and stability of rLam128A
E:oar BAMEEEMRGY R b B AP H R of pH A EEEMEAY Rk d: pH MERAR Y
a 150 - 1 mmol/L 110 mmol/L a, )
” 24 LERAE L RA S BT Tl
120
< it R E 4R B TR rLam 1 28A FAste OB, 45
2 RN 4a FR. 1 mmol/L K5 Wi 147 139 St fF
fﬁ 60t Fi; Na'. Mg fll Ba> X Bgid /I G (et EH, BEEIRE
R FHE G (RIS, 2 KA, ARSI T
F B, Ba? ) 2448 B R IR B (2 2/ E H - 10 mmol/L
07K Na' Mg Ba» Cu Zn Ca® Cd* AP Fer (1) Ca? % Byl S A RV E R, TR FE T B Vs 71 TC#¢
415 M, Cu?*. Zn**. Cd*. AP'HIFe3 Xl /1= A AN F
b 150f DfC IR " R TEERHIEITER, Lee MR MW, Cu2 M Zn*
ol s A 4 R LA HBA T . 1 mmol/L FI 4R 85 T+,
s Cu? JHIHIEH 5 5%; 10 mmol/L M &JE & 1, AP*
2 SR P B3, B ARt 2
£ ol PUSE FCAAL RTINS rLam 1 28A R Pk IR, 45
R SLANP 4b B ST DTT SRR A (R,
LB RE ()t v gk FH B 1G5, T 2% 577 EDTA
0 EDTA  DTT  SDS Triton X-100 Tween 20 Tween 80 CTAB  Ji# Xﬁ@/ﬁjj ?ﬁ”[’]Xj(o B/if‘\T SDS * 1 CTAB, rLam128A Xﬂ‘

il
[ 4 LKA rLam 28A FRE MR
Fig.4 Effects of chemical reagents on the stability of rLam128A
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1REH 38.57%. rLaml128A X} R EFEIH —E R e,
Smol/L JRZE FIMALHE 1 h, W LREH 50.44%5% x5 77 .

2.5 ERAEFAE S A E

WAREY, oT80H. B orseE. E
KR, AT RERZ BAT 2 M P s R, BA
ZHEE BAT 2 BRI K AR I =W 2 BN s . A T
PNy T BURERI FERERO, AR, R S RA
Z BEN rLam128A & BAT 2 WERGAE =4, FEdAT =)
TR - 5 BRI BN 12.50 mg/mL
B, B0 DPPH H B 1SRRI 2] 63.62%,
T B2 2 BT H L FE FR AN 14.40% (B Sa),

Bt fi# 7= W) %F DPPH H B 2 ¥ 2 3 1) ¥k B 1Cs0 Ay
7.12mg/mL. MR EHKEILE] 2.40 mg/mL B}, R
Yixt ABTS H HEERTEFRFIL T 84.45%, 1M EAT 2 HE
X% H RSB RN 3.27% (K 5b), BE@-= st
ABTS H HEERFHHAKE 1ICs0 4 1.01 mg/mL. EAf
ZHE B LR %F-OH H B3RP KU T
R 500, BEfRP=nnt-OH [ HEE R HHIREE 1Cs
4240 mg/mL, KT EAZHE. K 5daTH, FEE
BIRFERIIGR, BAT 2 0E KL =Yk 5 e /3
s5E, (HAECT RATEZHE, BEARr=P)0IE R RE S5 .
Zx b, rLam128A /KfFEATZHE, R HIBHE Y HA
P E A P

b 1or o iz
. o JifiE =)
S 80+
60t
=
m 40F
w2
=
2 20t
0 = = S—
I —— = L 1
0.8 1.6 24 32 4.0
JUEHKE / (mg/mL)
d os5f )
- RATZHE
oal e R
B
=
S 03}
<
fé( 02}
=
0.1}
0.0

1.00 2.50 5.00 7.50 10.0 12.5
JUEHKE / (mg/mL)

5 B S HE R HEsR IR E

Fig.5 Antioxidant activities of laminarin and its enzymatic hydrolysis products

a 100 _
= BATZHE
< g0l o WY
60t
=
m 40F
jan
=9
5 20f
o e
2.50 5.00 7.50 10.0 12.5
JUEHKE / (mg/mL)
C 100 _
= BATZHE
< g0l o MY
i 601
?Q 40
i
;‘9&1 20+
O 1 1 1 1 1 1
.00 250 500 750 100 125
JUEHKE / (mg/mL)
3 &g

AWFFA, WP Microbulbifer sp. ALW1 H1
i R BT ZWEBG Lam128A JE[H], Jf7E RN B kAT
ik, PAFHELH B AT L PER rLam128A F A RIFHIE
FERSENE, DL AR IR AR BRI 1 (A28 14 . rLam 128A
ReRr MK il B AT 2 08, HoKgr=iidtadbne /it
f51. B AT Z R rLam128A BT REN L HEE,
1 RATZHER S B AT AR o

B Sk
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