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FpHREM.. UEBHBAHEE-FERARAREGRENERFNRAFRE, WHT
Porl6B_ Wf & AN T L S W 1EF 7 Ro 3t —F ¥ PorleB WEN I Z XX S E-ZH a2 6%
M, SHRAZOBEBMETIZMEL, IEBMRAFERELXELRS. AR INEXS
BN ERRETAMERRER T RENRNTERE, FEREATEXNSIRE-EEE
SR, NEXNBERNIEGEAAFRET FHEE.

KU RE, RESHE, BAF, FRAFTR;, 48E

hEDES:S917

S8R TS BB N T RO RN B R I
B, AIRIFPERAEEM A 13 4¢3k, K
FE SRR R AL — AE A 21 T (7
23R M B, AR S5 n M E
AR E M 3.7 55, 3K Z M (porphyran) J& %55
1) E LA Sy, S5 (1-53)-0-B-D-ML i - FL
BEFRHE (G 5 2E) K (1-4)-0-a-1-M W~ FLBE -6-61
R TR AR 5L (L6S BRI A A (& 1), &mddh
SR T HM 40%, AR, SR M R
FEYIIE L B EE A A DR, A fE
MAR™ . HrE AT 0 f s A A AR ™ A L Rt

i HE: 2021-05-12 1EEIHHEA: 2021-06-20

FETIE : B XK E AU AR (2018YFC0311203);  H 9 5 4% 2 A B Ml 45 9% & 10T (201941005)
E—EH: kEE W), NFEBFEEHRFF, E-mail: 2438022981@qq.com

BIEMEE: HM), E-mail: changyg@ouc.edu.cn

https://www.china-fishery.cn

XHAFRERS: A

20 e S B SR R AR T e S M i T 2

B
BN o

W 7K ik T R 0% 7 S 1 38 ik 22 4 b A0 B
S, T TE 200 S SR T A O T R B
KAVER . L3 Z B0 (porphyranase)(EC 3.2.1.178)
B — ] e I M 5 S 20 W oM R 1% K A
. H 2010 fF R MmN L BE, £+
ENALH 6 MR Z BRI oT, i vE
W Zobellia galactanivorans 7= PorA & PorB & fx i
B IR IE 0 525 Z Y, HL R — B 5 A1 BA
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Fig. 1 Structure of porphyran disaccharide moiety

SRR R, H 4 % 3 1 BpGHI16B &
BpGH86A™, 1 Ah, A< PR 20 i 11 DA 16 3 40 76
Wenyingzhuangia fucanilytica H % B8 T 48 2% Z b il
Porl6A W1 Jz Porl6C_ W1, Il 0 T H: 4= fk
PER AR O . MRAEE A PR IR, 7R
i K AL G W 1 1 Tl RN T (CAZy Bl )™
PorA. PorB. BpGH16B. Porl6A Wf, Porl6C_ Wf
J& TR K GH16 0% ; BpGHS6A J& T GHS6
ZG, VAL 6 R LN D1 )5 SR A 2558 2 h
) p-1LAMETHE . BT, SRR D,
SR P - = i B NS B o | B R s S DA E

S A HII L . S T BRIETEANTE Wen-
vingzhuangia fucanilytica CZ1127", Ff3%F HiE47 T
AP P W1 AR AR B2 i R
PRI TR R R P AR — AR TE RS 2
Tt 4 5 5 [ por1 6B(WP_068828752.1), A HF 5% 1
PLOr A WA HOR X7 9 AT IR R s, &
4 ) ) 2H A A AR AR PR BT, O DABEAH 2 SR g )
SCELME AR A 07 SUBORG HESR AT, O SR 2 b
R A T R TR AN, BT EXRZE
W Tt 17 0B 0 T b B T S A B S BR L
AW 0 22 1000 L P 28 58 3 2 -1 1 I S
i, 6 UE 2R S WE B L PR T A AT A T

1 MRS Tk

L1 MR5MEE

% B A AT 15438 (Porphyra haitanen-
sis) VT 5 By g LK Y, 225 508 i 5
XA R A K IR SR R AT
KRB CBEYLRE, FrigUIE l o %% 2
B o FI I AKTA Prime Plus PR 1% 1 8 AH €533 &
45, %54 HiPrep™ 26/60 Sephacryl S-400 #E i 4,31
HEAT Z R sl . B aifb s 2 HEEN . KT
T Esescs. FH R ROSE R HERL (1% (high per-
formance size exclusion chromatography, HPSEC),
4B £ ff B OEOE U X (multi-angle laser light
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scattering detector, MALLS) 5 75 22 % 1l £§ (refra-
ctive index detector, RID) I F Xt £ ¥ a8 70 1 &2 it
TTY0E . AW IR SR 2 il (171.1+
2.5) ku.

E 40 B Wenyingzhuangia fucanilytica
CZ1127", SEH0Z i IR 47 ; pET-28a(+) kL,
R RAEYFHEA R F]; HiPrep™ 26/10 Desal-
ting. HisTrap™ HP. Superdex peptide 10/300 GL .
Superdex 30 increase 10/300 GL. HiPrep™ 26/60
Sephacryl S-400 {4 3% #+, GE A= iy £} 2% ; TSKgel
SuperAW4000, HAARE ; Hh ik =50 340 45
Mradio

FIAL K AKTA Prime Plus % [ 4lifb &
%, GE’LfRl2%; Dawn Heleos Il MALLS £ il
a, WHERR AR 2N Fl 5 Agilent 1260 Infinity ¥ AH
@I, Agilent 6410 QQQ il , LHEERIE;
Rhemeter MCR301 Jit 484X, B M0 A4 AR WA 23 ] o

1.2 £YMEEESH

FI ] dbCAN'™ J% SignalP 4.1 % 4 %} & (4
P A S5 R HEAT O, AR B R R R A S
K5 I ExPASY™ Xif 2 H (19 8 4 F i i b A7
T i H ClustalX 2" k44T 2 30 X, IF
FIH MEGA 6 84" 1T R L& e, BT
Neighbor-Joining RS L F W ; L BLASTP™
S T BT HFRFH 5 CAZy B v O 41 18 1 48
S WE BT 5N HEAT P 5 AR RLUBE 43T o

13 mERERSBESEK

%A T 80 °C UK #i 19 W. fucanilytica
CZ1127" 4570 F 2216E WA K 75 3L i A7 52 95 I %
&, WA A K & B A TR R O B R R A
DNA. F| ] Jo4& v e B R A7 HAR P 5 1y 47 3
KEA TR, g% 5'-GATGACAC-
CATATGAATAATGATGATGTGTTATCGAAT
G-3', FI#514 M 5'-GACACGGATCCTTAAT-
GTGTAACATTTAACTGATAATATTC-3 ', [ilf
YL 5 5% FH BamH 1 K Xho 1 o B9 19 )5 /9 B 1)
FE R % 2 2 pET-28a(+) 2 4& (- B C ¥ His Fr2%).
5 R R B 1 2 0K L #AGE R e 4k & BL21(DE3)
A SR D O 2 B A B B K AT TR AT
A3, T LB R 35 37 5 (% 30 ng/ul R
)" 37°C. 170 v/min §5 5% & ODgy 294 0.4,
FFus iy ox ) 2 20 FE 2 0.5 mmol/L 1Y R TN 2
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1204 KopE o R 45 4

B-D-TiAC L FMEH T 17°CiES 12 h, U HERFF
JE AR UTTE , DAY Y & R 4 20 mmol/L 11
FRAG TR - TR R N vp il (pHE 7.0) S . &
PR 400 W, TAE2sT B 6s M 1 IRTE
W, IRPEIERE 99 ) I LRI B, 15
#l| Por16B_Wf HJi  ,

DL HisTrap™ HP €8 3% 4 % B 2E 17 % 2
Mratife, L& W) B &Yk B2 24 0.3 mol/L NaCl Y
20 mmol/L B i & — 4N -T2 — A4 (pH {4 8.0) 1Y
it B A AT P, i W BT = R E R 0~0.5
mol/L 1% WK WS 4746 BE I, WS 284N 5 s i)
V45 45 I R A7 T 05 0 A o XA T T 1 A5
B fT 4 9, IF LA HiPrep™ 26/10 Desalting {7}
FEMEER U S AH W B R K B R 20 mmol/L A7
IR - i A — A2 v (pH {H 7.0), ZE I 4 EE
K 4y F &l 3L 12% SDS-PAGE #4743 #r, LA
BCA LM EHE AW E ., difb)fsEHEAHT
A A T KA 7 e

1.4 EEZHEBRAFRMENE

H 50 pL %53 Z 0 % W (2 mg/mL) 5 50 L
T A BBV (DL pH . 7.0 BRI R E R
20 mmol/L #7165 iR - iR S — BN 2% vh W 7 B ) TR &)
Ji F 35°C i 10 min, H3# & T 100 °C 8%
Smin PLUKTE o FEA R 20 0F T, DL 19 il
5K W B R AE R o6k B SR R R 3 R
(para-hydroxybenzoic acid hydrazide, pHBH) 2 !'* "
A il it S IOE i 38 M 3 o
1.5 HHMHRHAR

N 305 R Y B 5 5 S 2 M IS v WROR
A, DISE Porl6B_Wf £ AN [H] & & (15~60 °C) T 1)
RS . KRR E T 4, 25, 30, 35 K 45°C,
Vi) I i PR B 00 R M BR A . AR pHL{E
(pH {H 4.0~7.0: ¥ 5t /¥ & ¥ £ 5 20 mmol/L #7145
M -wh e A N M ; pH A 7.0~9.0: WAy &L
W& & 20 mmol/L PBS 2% M1 ; pH A 9.0~11.0:
Wy 5 1V B Sl 20 mmol/L B iR B -k TR L 4 22
OB S F T B T S R pH A YR BIR A
I 72 Por16B_ W 7E A W] pH B () il 35 M . DAAS [A]
pH {E 1Y 2% 0P RS e Bl ROk 22 v 3R s, T4 °C
JCE 1 h S5 PR R pH (& 7.0, W0 A2 S 1 AR

A3 S C B AS 6] NaCl f KCl e 1) 28 358 £ b
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Y, fH15 NaCl K KCI 78 JiE 9 v i 1) o 1) 12 e
B£58 0~2 mol/L, 435l %E Na' Jz KX} Por16B
W il 36 PR I 52 ) S AAR 2R B 43 SIS Jn 4 e
B Sl R, Y B R AR 1 M
Smmol/L, A [RIZAMET B

V4 il 55 AN [ VR B 1 58 S 2 VA ORI
VIV 0.1~1 mg/mL), 2 AS[R)JE P0 e B T 1 il
T KA Michaelis-Menten J5 #2, % Porl6B_
WIE BN 122 W B K Vinaxs Keat 2 Kead Kino
1.6 1EAAR

B S R A R, Hoon g & 10
Ulg, F25°C i 24 h, [a] B A a) BURE 5 85 4E
BT 100 °C 4281 5 min DLKE . DL S008I HE
BH 21 3% 5 7% 22 K 0 45 156 FH (HPSEC-RID) Xif fiff fiff #F
fn PEAT WE I F FH TSKgel SuperAW 4000 {4 i
FE (T BIAE A B B R 0.2 mol/L 1Y NaCl, i
0.6 mL/min) Kl F =481k ; FIH Superdex
peptide 10/300 GL & 3% 4+ (i zh # 0 ) Jo 1) 2 ¥k
J& 50 mmol/L (1) H R 4% , i 0.5 mL/min) A% 5
W= 0 A RS AR A

] IS 0 o A s VR (I A 50 Ulg),
F25°C [ 24 h DL se oy B i 558 208 . AR
8 - R B 4% R (LC-MS) 25 48 A= ) 15 8 2
F14) W 2L 27 SR W KT i A 26 7 Wy o 1) SE 0 A oy iR AT
ot Ol =S R = B K 2 TR ¥ RN 2 &
Agilent 1260 Infinity; JBii%{X: Agilent 6410 QQQ;
{035 #£ . Superdex 30 increase 10/300 GL; Jii % 43
Mrimish . 25% 05 (7% 5 mmol/L HRER); ik .
0.35 mL/min; JRIE . 300°C; BEZHE: 115V;
EYEHEE: 4000 V; HFETER : 100~2 000 u;
R s R
1.7 EXZE-E0E SR

W B SRM A M A — R Y ZE AR K Al A
K52 7K 40 min, 7] & /K5 B 58S TR IR I ZE IR K,
MmN 4%, S% SCIR R &
F B R 152 B A% NG 10 500 U/g), T 45°C
Rt 6 h J5 # T 100 °C /Ky Hom#A 10 min DUKIE,
145 3 5 2 B p R . I R T A R R
T8 3% 2 B4 Porl6B_ W JEA7 il (INE:M 0.5
Ulg), T 35°C ff§fit 2 h J5 B T 100 °C K3 ok
10 min DAKE, 198056500 2 0- 5 12 A B

4 %W L 4 000 t/min 250> 15 min, Y& R
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Bl 0 R AR HEAT R TR, TR SR AL
R (CR, %):

- X,

X
CR =

A, Xy W RERRCR O PR DOE R R, g5 X
NSRRI R, go

WS B0 IR B s, I AR A AE 25 °C
TR AL BEAT R EE I, BT U AR 0~1005

1.8 BEESH

SCHG A 3 Uk, FdE LA SPSS 16.0 FK {4 it
PN R £ 500 (P<0.05, 25 8% ; P<0.01
ZRW ), SRUFHESRMEEFLR, R
FH Origin Pro 9.0 R4 52 46 54l i 1122 K

2 HiR

2.1 Porl6B Wf HIEMERESHT

porl6B Fifith 296 ™ IR, LW1E B F W
I HC 4 15 75 11 Porl6B_ W & — > N it {5 5 JIk
(1~24 {7 & 3 2 ) S — 1~ GH16 K % 11 25 14 35k
(50~289 i & FHTR)

%} Por16B._ Wf } GH16 Z 1% & WF 5% (14 il 74 1
AT RS A X, KM H 5 Z galactanivorans
DsiJ" it 7 ) PorB" AH LB e, AHARLEE By 79%
(7 35 % H 96%), Tisn Porl6B_ WT ¥ 1 1Y 28 35¢
2B

x 100%

63

63 0%

0.2

AgaC-like
PorA_Zobellia galactanivorans (CAZ96750.1)
BpGH16B_Bacteroides plebeius (EDY95423.1)
Porl6A_Wenyingzhuangia fucanilytica (WP_068825731.1)

76 [ PorB_Zobellia galactanivorans (CAZ95074.1)
99 Por16B_Wenyingzhuangia fucanilytica (WP_068828752.1) vk

Por16C_Wenyingzhuangia fucanilytica (WP_068825734.1)
1 i SR furcellaranase
k-RHiElE  k-carrageenase

HEATVEREE  laminarinase

GHI6 K5 B A Z R /K e il 16 vk, sy
(0 PE AL TG 2550 Z WG . BRI . R PRl
i U . b A 22 W G BV A T A
# Porl6B_ W 5 B 5T 1Y GH16 S8 i i /K it il
WERRGEBM (5 2), HEWEEHEEH Porl6B_Wf
£ T GH16 F kR L g it sy b, i —
IR T Porl6B_ Wi HA W AE 550 MRS PE .

# Porl6B_Wf 5 GHI16 ik C il iE i 43K £
WEBGIEAT Z P HI LEXT, & B GHI6 S5 K i
g FL A7 o 78 B R A 4 Ak B0 (8] 3), B ExDxxE 5%
ExDxE, XKHEEILNI S E. D & B 73 5IE i1k
SEOFUOE L W T A Ak 2o AR v (R4 £ 9 A 18 741
BT R T M G A R D Read A b i 5
MFER™, SRSR M fE LR TE AT & ExDxxE,
H. Por16B_Wf 7 I i ¢ HE A7 £ /™ 4 £ 5F (E159.
D161 1 E164).

2.2 Porl16B_Wf B 52 fZ 3R 1A K I BE L8 IIE

Por16B_Wf S35 T KT # BL21(DE3),
P R BT A L T R 2 R SR AR ik
J& , Ui SDS-PAGE il 3 & #i i — 2547 (& 4).
Por16B_Wf %) 43 F & 4 35.0 ku, 5 i 5 + &
34.6 ku #2il o BTG M IESS SRR B, Porl6B_Wf
SR S M % fifk 55 5% 2 88 (695 14 65.31 U/mg),
it HoAl GH16 gL A ¥, WNBAEBE . «-
R e R TETE 1o FIRZESRUERH Por16B_

B-EilHE  B-agarase

WKL HER  p-porphyranase

WK ZBERE  licheninase

2 Porl6B_Wf 5FiEEH GHI6 RiEHEH KREBHENAZLEH
Fig.2 Phylogenetic tree of Por16B_Wf and all characterized GH16 sequences
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150 160 179
PorléB WE INE....... GEKENIKGCDEKRTTIHLIMT OHCV GO I|TN
PorleA WE AFK....... QNCNTG.PQRE|LIHLIMIT OIHCVGRVIHS
Porl6C_WE TNAG............. KDWWTIHIPMICRHNAP|IGV|SY
Pora RVG. ... ... oo QF|ISIHIWVIIIMHIGNP|SK
PorB INE....... GKDRLGCDKRT|TIHLBI|QIASV G|Q|I|TN
BpGH16B SNRPVMEKEIMKGGKEIKTWS SIQITLMTTIYTMGTIRS
*x kK

B3 ZFIILEILER
B S AR R SCHR I 1Y GH16 S0EHE 1 /K fif iy 1) L 2 (AL Ak B, B AR Porl16B_WI o 205 12 7 471 AL %50

Fig. 3 Multiple sequence alignment of porphyranases

Critical catalytic residues of GH16 enzymes were marked by black stars, the numbers indicate residue positions in Por16B_Wf

M Porl6B_Wf
ku -

170
130

100

70

55

et

40 |

35 -

25

15

4 Por16B_Wf #hi{t 5 #) SDS-PAGE H ik &
M. TR 2 1150 1 IR Bobs
Fig. 4 SDS-PAGE of purified Por16B_Wf

M. prestained protein ladder
W 5 [ 3R 38 R ) T B F D 58 5% 2 il
2.3 Porl6B_Wf K& L1 R

Por16B_Wf (1) fi idi 2 i ik &£ A 40 °C(/&] 5-a,
5-b). ZEFTE 4 J 25 °C ﬁﬁmﬁ 24h 5, A
T P AT 0 0 U6 Tl % PR 19 93% K 84%. ILAN, FE
AT AR LR 30 15 0L T, Porl6B 7E 4 °C It
F£50d, FLERAIE J1 0006 B MY 50%, UEH]
B B A AR o (HZ T T R e Y
T RE R R S R PR R AR, fE40°CHE 1h
JE FRATE PEAUA 9%

Por16B_Wf [ idi 2 v pH K 7.0, HAE 3.0~
11.0 FYETERY pH 8 FI N BA RAFIFRE M (K 5-c,
5-d).
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Por16B_Wf 1) il 15 ¥ Fifi &5 NaCl Jz KCI ¥ J&
e 20 TR TR, E B R
15 T X NaCl e KC1HAT MM (5] 5-¢). SR TE
AT N NaCl & KCLH) 4614 &, Porl6B_WTE {54k
HLA I A G

4 I8 1 1 B AR 2R il 1 1) 5 ﬂﬁﬂn%% 1
fff 7~ o Hg* M SDS £ 1 #1 5 mmol/L i ¥4 fE &

W AIG Wi 3% M, 1 Mg® M2 EDTA-Na, 7E 5 mmol/L
i dnd 5 % e I

Por16B_WT It 3f) JJ % % K, 2 2.73 pmol/L
(0.47mg/mL), Vi N 6623U/mg, ke M 38.63s ",
kea Ky N 14.16 pmol/(L-s).

2.4 Porl6B WFHI{ER AR

N JE W 4 -tk A8 A W 25 SR
W], 1U Porl6B_Wf Hfif 100 mg 2532 Z WKW,
FE SN 10 min B AE i 9 13 0 s 1) B9 38 5 8% (RP P
3.8 min #E /5 & 5.3 min)([] 6-a), 5 %E i HE B {4
B AR B, 254 Porl6B_ WI 7 il fiff 52 1 4]
WA R Y /T2 208 TR G, W%
il Sk P9 UD G o S A B G i S N R [ 1 2% 4
& 6-b it s, 1 U Porl6B_ WE i il 100 mg 53¢
ZBEICY), 7ERN 10 min B BT AR 2L 3 A [R] 3R &
JEE S Y AR B 3P A AN TR SR R S
PUSH A A BLGIE A Porl16B_ W S BEAL L P41
Bl 1% = 4 % HZBRRZH—H,
%X%ﬂﬁ B AR R S A e, AR
WA IR A [ EBE B Z5 K B (153)-0-p-
D-uttﬂm¥zw§§£% (G 3R 3E) Fo (1—4)-0-3, 6-P k-
o-L-PE IR 21 FUBH R I (LA 3R 3E) 28 B E 0 A ] B9
BUR, KA G 3RIEM C-6 12k AL EM (GMEe),
HABMFE B 1T 35 50%7,
R fi 28 7 ) 242 o3 25 5 T RO R BUES T 66

o E K P2 2 320 sponsored by China Society of Fisheries
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L5
~ >
TE 10t
5%
sz 1
=g
g ost
& 5
0 L L L L Il
20 30 40 50 60
SR E°C
temperature
(@
1.2

[ e HPHH-BEER L citrate-phosphate
1.0 } = NaH,PO,-Na,HPO,
—&— Na,CO;-NaHCO,

fifg

BT 14 /(U/mL)
enzyme activity

140

—A— 4°C - 25°C —o— 30°C
)
2120 o 35c  _m-40°C
<5 100
22 g
% 5 60 f
x é 40
3 20
0
JBCE I [ /h
time
(b)
120

[—e— T IFMR-BEFR VAW citrate-phosphate
100 = NaH,PO,-Na,HPO,
—&— Na,CO,-NaHCO,

2
3
= 80 |
25 N enaVas=— FES IS
£5
-
o
n 20 b
e
0 1 1 1 1 1 1 1 Il
3 4 5 6 7 8 9 10 11
pH
e

200 ¢
> —o— NaCl
E - KCl
<5 150 ¢
~ <
e
S 100 3
5
HE 50
g
0 L L L L Il
0 0.1 02 03 04 05 06
W RE/(mol/L)
concentration
(e)

5 Porl6B_Wf YL LM R
() JOE MR, (b) W EERENE, (o) BOE RN pH, (d) pH AR EE, (e)NaCl. KCI A B i 1 ) 5w
Fig. 5 Biochemical characteristics of Por16B_Wf

(a) optimal temperature; (b) thermal stability; (c) optimal pH; (d) pH stability;(e) the influence of NaCl, KCl on enzyme activity

WK B, Porl6B WI IRl 28 7= ) 32 3 th 48 3¢
B L6S-G Ak (1] 7). (EATERE R, 1 L6S-
G T E AT B DUBE (L6S-G), M7 5B (L6S-G); I
RAEL =Wk, UEW Porl6B. WE 1lKf (L6S-G),
TR R . BREESR BE L6S-G Ab, b il
BT 6 M S EBARA Y, ALFE 3 R IURE: (L6S-
G),(LA-G),. (L6S-G);(LA-G);Me,. (L6S-G),Me,;

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

380N B . (L6S-G),(LA-G)Me;. (L6S-G),(LA-
G);Me,. (L6S-G);Me,, ik 6 Fh 28 H 7= 4 35 &
AR E R 1Y LA-G B C R H 48 1
25 EEXWEZRE-EREAHMMIZE5R24RE
HESERAE T ZALLE

AT 75 1 228 -2 A Tl A Y 5
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1208 Ko 45 &
*1 &BBFRUFRFIX Por16B_WI BE/E 4 #5010
Tab.1 Effect of metal ions and chemicals (1 and S mmol/L) on the activity of Por16B_Wf
BRARTE /% BRA BRI/ %
B R AL SRR relative activity B R AL SR relative activity
compound compound
1 mmol/L 5 mmol/L 1 mmol/L 5 mmol/L
Mg 90.40+1.19 133.28+2.01 Hg* 21.69+0.70 3.884+0.90
Ca™ 116.26+£3.31 119.19+£3.67 SDS 9.87+1.39 5.80+1.02
Cu™ 99.08+2.51 108.08+3.14 Mn** 81.2242.20 125.05£2.68
EDTANa, 105.85+0.48 130.53+3.93 B-3i3E L p-mercaptoethanol 87.63+1.17 139.05+3.59
24 h
(] [}
g \ 2
o & |.Sh 0
@ g ‘ o g
] : 30 min E : h
=5 on =N EET———
o § 10 min op § .
i 8 R |
W oo e .
15 2 1= = 30 min '
! <
3= o=
e \‘J £ | 10min
) 0h )
0 1.4 2.8 4.2 5.6 0 4 8 12 16 20 24 28 32

PR B W) ] /min
retention time
(a)
6
(a) 7> T AL, (b) W™ Y5 A0

£ EE s ] /min
retention time

(b)

SRR RS HEFR & 18 5 TR E 40T 2R BX A A2 Por16B_Wf B2 =47
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Expression and characterization of a porphyranase from marine bacterium
Wenyingzhuangia fucanilytica and its application in
compound enzymolysis of Pyropia

ZHANG Yuying ', CHANG Yaoguang ", SHEN Jingjing ', CHEN Guangning ',
LILing', XUE Changhu *

(1. College of Food Science and Engineering, Ocean University of China, Qingdao 266003, China,
2. Laboratory for Marine Drugs and Bioproducts, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China)

Abstract: Pyropia is one of the most commercially important marine algae. Pyropia cultivation of China ranks
first in the world, but the production value remains low. Porphyran is the major polysaccharide from Pyropia. It
consists of alternating 4-linked a-L-galactopyranose-6-sulfate (L6S) residues and 3-linked f-D-galactopyranose (G)
residues. Porphyran and its degradation products were confirmed to have various bioactivities, which is con-
sidered as an important way to realize the high-value application of Pyropia. In order to explore the glycoside
hydrolase for degrading porphyran and verify the feasibility of its application, here, a porphyranase coding gene
porl6B was cloned from the marine bacterium Wenyingzhuangia fucanilytica and heterologously expressed in
Escherichia coli. The biochemical properties and hydrolysis patterns of the recombinant protein Por16B_Wf were
characterized. Por16B_Wf exhibited maximum activity at 40 °C and pH 7.0, and it possessed stable activity under
different pH conditions. Por16B Wf hydrolyzed porphyran by an endo-acting manner. The end products of
Por16B_Wf were mainly composed of porphyran disaccharides L6S-G. The subsite specificity of Por16B_W{f was
clarified by glycomics strategy. It specifically hydrolyzed the B-1,4 glycosidic linkage of G-L6S, whereas it toler-
ated 3,6-anhydro-a-L-galactopyranose and methyl-D-galactose in subsites —2 and +2, respectively. Further-
more, Porl6B_Wf was applied in the compound enzymolysis of Pyropia. Compared with the classical
enzymolysis technique of Pyropia using neutral protease, the compound enzymatic hydrolysate was characterized
with low viscosity (8.5 Pa‘s) and high conversion rate (79.4%+0.3%) of Pyropia. Por16B_Wf could be utilized as
a promising tool for the degradation of porphyran. In this study, the compound enzymolysis of Pyropia was real-
ized for the first time, which was beneficial to the full development of Pyropia, and provided new insights into the

deep-processing and high-value utilization of Pyropia.
Key words: Pyropia; porphyranase; glycomics; hydrolysis pattern; compound enzymolysis
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