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BE R 0.1 ~1 mg/mL, F &l = N4 4~ E
Por16Z_Wa 1) 3l J1 % % 80 K.,V Kew F1 KK,
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K M A5 B 7E KW 10 min & 30 min J& B 52 7R
3 W) A0 4R 9 (194.02.1 ) ku B = (89.9+1.3 )ku
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Fig.6 Effects of metal ions and chemicals on the
activity of Porl6Z_Wa

0301

30 min

025

020

10 min

=5

5

RID f
RID signal

o IS
—_
W

0 min

10+
0.05

0.00 T . L . L
15 16 17 18 19 20 21
14 53 15 1)

Retention time/min
TE <A LI T 7354009 0,10,30 min,
7 HPSEC-MALLS-RID 4 #7 Por16Z_Wa &)
B3 iR =1
Fig.7 HPSEC-MALLS-RID analysis
of the hydrolysis products of Porl6Z_Wa

ZEM R G Bk S LA R ((1-4)-0-3,6- k-
o—L—TH Tl > FUAH 5 5 ) 38 85 1 424 WM, b4, 2
WEEE Y G BRI Co 1 AR T % 2 i WP =k &
M, 60 R ] Rk 50917, Porl6Z_Wa fiY —f =
PAAT —Filr, RIS 5 — B (L6S-G) , Him R G
050 DU (1L6S-G ), S 53K 75 B8 (L6S-G )5 1A 8
K 2], JEB Porl6Z_Wa BEWS LA I U1# G 5
L6S Z a1 B-1,4 WETV 5, JFR A Y2838 —h
HEERIUTERIKAM, BAT R A 3R R
F1o BLAN, TR B DU BE B S BRI 3 R LA-G BUR
sH B A 2510, T o 1 b R R B
N ) 254 B0 LA-G M 1L6S-GMe 94 A%, IE A
Porl6Z_Wa J™ % iH 5l G-L6S =2 ] [ 4 11 i |



O

urs

104

=n

A,

R 2022 457 2

L6S-G

)/F (L65-G),(LA-G),

(L6S-G),(LA-G);Me,

(L6S-G),Me,

(L6S-G),(LA-G);Me,

(L6S-G)y(LA-G)Me,

(L6S-G);Me,

[M-H] 421
[M-HJ 727
Avt.m 741
[M-HT 419 N
[M-2HJ> 572
[M-2H]J> 579
TM-2H] 628

16 s 20 2

T4 84 1 fi)

Retention time/min

B 8 Por16Z_Wa @ =# RIS TR & EE
Fig.8 EIC chromatogram of the end products of Porl6Z_Wa

I, Por167_Wa J&— Bl 45 55 22 W i At () 8 T, T
DA T4 3 S B 8 3 BB s R s 1) i 4%
3 it

AW FE NI AN T Wenyingzhuangia aestuarii
OF219 1 &[5 20 52 B O S PR ARG8T — A0 B Y
GH16 % B- 532 2 Wi, XL TAEWIE B
ST IE T H AR R R AE I K, 45 C.
pH 6.5 J& Porl6Z_Wa I ficid [ v 4514, HAE pH
4.0~9.0 J 4 CHy 5L BA B A2 2 M, 20
CTABBELRTF 80% L) Ay EEE M, 1 5 g R
FB Por16Z_Wa NN VI, Porl6Z_Wa )% fif 2
PR R SR R, IR A A i DU A
NHE, HUORE . BRSO EU B i 1Y 5 SR S
B Porl6Z_Wa VE Ry 28358 2 WA B 84 T R, n] LA
FH AR 53 01 5 58 5 22 0 ) 8 B 58 58 B 75

R E [6) il w8, I AT A R T 5 R O S 2
(s (e AL T K BRI
2 £ X W

THEE ik LSRR H A TSR], T E K
PR, 2019, 26(3): 592-603.

DING H C, YAN X H. Advances in Pyropia (for-
merly Porphyra) genetics and breeding[J]. Journal of
Fishery Sciences of China, 2019, 26(3): 592-603.

(2] EEORS, WEEBL, WIRM, . MkEMIZERZE

(6]

[7]

(8]

B K= 0 AT )] & AR, 2015, 36 (21):
145-149.

HAN S S, HUANG Z Y, SHEN Z P, et al. Enzy-
matic degradation of polysaccharide from Porphyra
haitanensis and analysis of its products[]J]. Food Sci-
ence, 2015, 36(21): 145-149.

ZHANG Q B, QI H M, ZHAO T T, et al. Chemi-
cal characteristics of a polysaccharide from Porphyra
capensis  (Rhodophyta) [J].
2005, 340(15): 2447-2450.
HEHEMANN J, CORREC G, BARBEYRON T, et

al.

Carbohydrate Research,

Transfer of carbohydrate —active enzymes from
marine bacteria to Japanese gut microbiota[J]. Na-
ture, 2010, 464(7290): 908-912.

ZHANG Q B, YU P Z, LI Z E, et al. Antioxidant
activities of sulfated polysaccharide fractions from
Porphyra haitanesis[]]. Journal of Applied Phycology,
2003, 15(4): 305-310.

BRI 2 T MR X 0 < R 0 A B ) o 22 R 4
YERALHIBEFE[D]. dbat . wh ER B R (b [ R
Be i ERT S RT ), 2018.

LIU Y J. Neuroprotective effects of two kinds of al-
gal oligosaccharides on Parkinsonian model[D]. Bei-
jing: University of Chinese Academy of Sciences
(Institute of Oceanology), 2018.

KWON M J, NAM T J. Porphyran induces apoptosis
related signal pathway in AGS gastric cancer cell
lines[J]. Life Sciences, 2006, 79(20): 1956-1962.

HEHEMANN J, KELLY A G, PUDLO N A, et al

Bacteria of the human gut microbiome catabolize red



B286 H2M

323

Wenyingzhuangia /% # % %0 4 7= B—%

X S MR S R E R TRAFR 105

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

seaweed glycans with carbohydrate —active enzyme
updates from extrinsic microbes [J]. Proceedings of
the National Academy of Sciences of the United
States of America, 2012, 109(48): 19786-19791.

ZHANG Y Y, CHANG Y G, SHEN J ],

Expression and characterization of a novel B-por-

et al.

phyranase from marine bacterium Wenyingzhuangia
Sfucanilytica: A biotechnological tool for degrading
porphyran([J]. Journal of Agricultural and Food Chem-
istry, 2019, 67(33): 9307-9313.

CANTAREL B L, COUTINHO P M, RANCUREL
C, et al. The carbohydrate—active enZymes database
(CAZy):
Nucleic Acids Research, 2009, 37(SIl). D233-D238.
CHANG Y G, HU Y F, MCCLEMENTS D J. Com-

An expert resource for glycogenomics [J].

petitive adsorption and displacement of anionic
polysaccharides (fucoidan and gum arabic) on the
surface of protein—coated lipid droplets|J]. Food Hy-
drocolloids, 2016, 52. 820-826.

SR, WKW, kR E, FORFRERGLE
B S HBACE R[] wMAE, 2013, 34(22):
246-249.

XU X Q, XUE C H, ZHANG C Y, et al. Deter-
mination of chondroitin sulfate from sea cucumber
by methylene blue colorimetry [J]. Food Science,
2013, 34(22): 246-249.

PETERSEN T N, BRUNAK S, VON HEIJNE G,
et al. SignalP 4.0: Discriminating signal peptides
from transmembrane regions [J]. Nature Methods,
2011, 8(10): 785-786.

YIN Y B, MAO X Z, YANG J C, et al. dbCAN:
A web resource for automated carbohydrate —active
enzyme annotation[J]. Nucleic Acids Research, 2012,
40(W1): W445-W451.

WILKINS M R, GASTEIGER E, BAIROCH A, et
al. Protein identification and analysis tools in the
ExPASy server[M]. Totowa: Humana Press, 1999:
531-552.

THOMPSON J D, GIBSON T J, PLEWNIAK F, et
al. The CLUSTAL_X windows Flexible

strategies for multiple sequence alignment aided by

interface ;

quality analysis tools [J]. Nucleic Acids Research,
1997, 25(24). 4876-4882.

TAMURA K, STECHER G, PETERSON D, et al
MEGAG6:
version 6.0 [J].

Molecular evolutionary genetics analysis

Molecular Biology and Evolution,

[18]

[20]

[21]

[22]

(23]

[24]

[25]

2013, 30(12): 2725-2729.

ALTSCHUL S F, MADDEN T L, SCHAFFER A
A, et al. Gapped BLAST and PSI-BLAST: A new
generation of protein database search programs [J].
Nucleic Acids Research, 1997, 25(17): 3389-3402.
KARE, BERKE, T, . ST pHBH B9 5 B
5 OW B TR TR S RS OGO E 7 IR (D). b AR A R
2013, 13(7): 200-206.

ZHANG C Y, XUE C H, YU L, et al. Fu-
coidanase activity determination method on basis of
pHBH method [J]. Journal of Chinese Institute of
Food Science and Technology, 2013, 13(7): 200-
206.

M, P&, BHG. KIET Wenyingzhuangia
a1 T A R — o B S i A e B R Ok R M I Y
U] &5 kM T, 2019, 45(8): 22-28.

TIAN X J, SHEN J J, CHANG Y G. Cloning, ex-
pression, and characterization of a [3-agarase from
marine bacterium Wenyingzhuangia fucanilytica [J].
Food and Fermentation Industries, 2019, 45 (8):
22-28.

HITCHCOCK A M, COSTELLO C E, ZAIA J. Gly-
coform quantification of chondroitin/dermatan sulfate
using a liquid chromatography —tandem mass spec-
trometry platform[J]. Biochemistry, 2006, 45(7):
2350-2361.

GERARD A, HENRISSAT B, KLOAREG B, et al.
The kappa —carrageenase of the marine bacterium
Cytophaga drobachiensis. Structural and phylogenetic
relationships within family—16 glycoside hydrolases|[J].

Molecular Biology and Evolution, 1998, 15 (5):
528-537.
CORREC G, HEHEMANN J, CZJZEK M, et al.

Structural analysis of the degradation products of
porphyran digested by Zobellia galactanivorans f3—
porphyranase A[J]. Carbohydrate Polymers, 2011, 83
(1): 277-283.

CUI X, JIANG Y C, CHANG L Y, et al. Heterol-
ogous expression of an agarase gene in Bacillus
subtilis, and characterization of the agarase[]]. Inter-
national Journal of Biological Macromolecules, 2018,
120(Pt A): 657-664.

CUI F Y, DONG S J, SHI X C, et al. Overex-
pression and characterization of a novel thermostable
YMO1 -3,

catenovulum agarivorans YMO1(T)[J]. Marine Drugs,

beta —agarase from marine bacterium



106 E N W 2022 455 2 W
2014, 12(5). 2731-2747. rageenases: An overview of production and biotech-
[26] AN K, SHI X C, CUI F Y, et al. Characterization nological applications[J]. 3 Biotech, 2016, 6 (2):
and overexpression of a glycosyl hydrolase family 16 146.
beta—agarase YMO1-1 from marine bacterium Caten- [29] PRZYBYLSKI C, CORREC G, FER M, et al
ovulum agarivorans YMO1 (T)[J]. Protein Expression MALDI -TOF MS and ESI -LTQ —Orbitrap tandem
and Purification, 2018, 143 1-8. mass spectrometry reveal specific porphyranase activ-
[27] SHEN J J, CHANG Y G, CHEN F, et al. Expres- ity from a Pseudoalteromonas atlantica bacterial ex-
sion and characterization of a Kk -—carrageenase from tract[J]. RSC Adv, 2015, 5(98): 80793-80803.
marine bacterium Wenyingzhuangia aestuarii OF219; [30] LAHAYE M, YAPHE W, VIET M T P, et al
A Dbiotechnological tool for the depolymerization of 13C—n.m.r. spectroscopic investigation of methylated
k —carrageenan|[J]. International Journal of Biological and charged agarose oligosaccharides and polysac-
Macromolecules, 2018, 112: 93-100. charides[]J]. Carbohydrate Research, 1989, 190(2):
[28] CHAUHAN P S, SAXENA A. Bacterial car- 249-265.
Studies on Cloning Expression and Characterization of S—Porphyranase
from Marine Bacterium Wenyingzhuangia aestuarii
Feng Ruifang', Zhang Yuying', Shen Jingjing', Chang Yaoguang"*

(‘College of Food Science and Engineering, Ocean University of China, Qingdao 266003, Shandong
“Laboratory for Marine Drugs and Bioproducts, Pilot National Laboratory for Marine Science and Technology,
Qingdao 266237, Shandong)

Abstract A novel GH16 B-—porphyranase gene porl6Z was cloned from marine bacterium Wenyingzhuangia aestuarii

OF219 and expressed in E. colt, and the biochemical properties and hydrolytic patterns of the recombinant protein
Porl6Z_Wa were characterized. Porl6Z_Wa showed the maximum activity at 45 C and pH 6.5 and keep stable at a wide
pH range from 4.0 to 9.0. Porl6Z_Wa exhibited a cold-adapted property. Porl6Z_Wa was an endo-acting enzyme. The
final products of Porl6Z_Wa were majorly composed of porphyran disaccharides L6S-G, with a minor portion of tetrasac-
charides and hexasaccharides which were substituted by agarose moieties and (or) modified by methyl groups. Porl6Z_Wa
could be utilized as a promising tool for degradation of porphyran and directional preparation of porphyran disaccharides,
which would facilitate the investigation of porphyran polysaccharides.

Keywords porphyran; GH16 family; B-porphyranase; porphyran oligosaccharides; cloning and expression



