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Fig. 1 The structure of 3 types of ulvans. (modified 2020, Li et al. :9)
(A); Ulvan A3s contains rhamnose 3-sulfate and glucuronic acid. (B); Ulvan B3s contains
rhamnose 3-sulfate and iduronic acid. (C); Ulvan U3s contains rhamnose 3-sulfate and

xylose.



Table 1 Ulvan lyase gene. PL family, products. (modified 2020, Li et al. :9)

Source PLfamily Products Products composition

Alteromonas sp. KUL17 PL24 DP2A46 -

Glaciecola sp. KUL10 PL24 - -

Alteromonas sp. KULA2 PL24 - -

Alteromonas sp. LOR. 107 PL24 Dr24 AUA-R3S,

Pseudoalteromonas sp.PLSV 3875 PL24 Dpr24 AUA-R358-IdoA-R3S.

Pseudoalteropmonass. PLSV 3925  PL24 DP2A AUA-R35-Xyl-R38

Alteromonas sp1.OR_61 PL24 DP2A4

Pseudoalteromonas sp. PLSV_3936 PL25 DP2A AUA-R3S,

Alteromonas sp. LOR_ 29 PL25 Dpr24 AUA-R38-Xyl-R38

Nonlabens ulvanivorans NLR_192  PL25 DpP2A

Alteromonas sp. A321 PL25 DP2A AGIcA-Rha3S.
AGlcA-Rha3S-Xyl-Rha3S

Formosa agariphila KMM 3901 PL28 DP2-6 A-Rha3S.
R3S-xyl-R38
A-Rha3S-Xyl-Rha3Ss
A-Rha3S-xyl-Rha3S -xyl- Rha3S

Formasa agariphila KIMM 39017 PL28 DP2A -

Nonlabens ulvarivorans NLRAS PL28 DP2 A A-Rha3S

Nonlabens ulvanivorans NLRA2 PL28 DrP24 AUA-R38-Xyl-R38

Formosa agariphila KMM 3901 PL37 DP2A A-Rha3Ss
A-Rha38-Xyl-Rha

Formosa agariphila KMM 3901 PLAO - -
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AR (Table 2) (ZHEFEL, 25°CTS5 H,9 H,20 BRSE L7 (P74
ul5, ul9, ul20, mix5, mix9, mix20), & HIZPRE AN LHAKIZT A2 FDOE£F AN
25 ‘CC 33 HIMOEREFER. 0.5 %7 /L3 HI1 1/10 Zobell2216E & AL #1C
25 C, 4 HRMIEGAR LTz,

AR ARY > 7 i, IRV 2 EZIL 3 D7 4 v F—EFnEh
0.5% 7 /LS RN 1/10 Zobell2216E HARER HIIZ ATz, 2018 429 A 18 HHTEE
FEOFREAEAK (74 m) X, 25 CTI10 H, 20 H, 30 HREE®#EETT- 7=

(74 mG-10, mG-20, mG-30, mN1-10, mN1-20, mN1-30, mN2-10, mN2-20,
SWN2-30), 7=, 34 HHE THFE L= EGLOERTE 0.5 %7 /LN RIN1/10
Zobell2216E W IRESHIICBERE L, 25 ‘CT 15 HEEEE Lz (P 74 : SWG-2,
SWN1-2,SWN2-2), £ DD 7w (74 M, D,1,4,6) 1125 CT10
H,20 B E 17>, (74 MG-10, MG-20, MN-10, MN-20, DG-10,
DG-20, DN-10, DN-20, 1G-10, 1G-20, 1N-10, 1N-20, 4G-10, 4G-20, 4N-10, 4G-20, 6G-

10, 6G-20, 6N-10, 6N-20)
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Table3) I F L., 27 —UBTEBRYILTEEL: (25 °C,2~3 H),

2-1-6. fliFLyHfE
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ERAERR L, BRI LV an =—2fR Lz & & BT B 21T -
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(ZHEAR Lo BERR & L CORIF L7,

2-1-7. OIS RIEMNRERD A 7 U — = TIEORENT

A ) —= 72X, CPC (bt F Ll v=uL) M=, CPC (Lt
ZHELRISL TCHBT A ZERNbNoTWD (8), 0.5 %L N i
Zobell2216E “F-AiiE 1 (Table 4) & Zobell2216E P45 H (Table 5) (25 % CPC

VB % 2ml 300 T L7z, RIE%. TNZENOREMOE 2R LT,
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2-1-8. UNNNURRRE DA ) —=2 7

SYBERR % 0.5 %7 LN SN Zobell2216E SEARES HlC sz L7 (25 °C,6~
10 H), H58&%. WERZZEHKTHEL, 5 % CPC AR EZ 2 ml i FL LIES <
oty 2O L EFERERPHER TE D Z TR UNRIEMESH Y & LT, 51

AT Z2AT > T2

2-1-9. 7/ 2 DNA Ol
T IVIS O FRIE MR IN 8 o T2 Ay BERE O DNA il 2 20 HH 7% & Promega 150 2 fill
HTIT-o 7,
BVhVEIT . 7 BER 2 Zobell2216E #RIAEHE (Table6) THiE &R L= (25 C,
2 H), BRI 1000l 2=y Fa—7 (2B L, w00 (17,800 X g2 min)
BiTo7=, BIEEET WEIV Q & 200 pl ANTESEE L=, Mi\ikz
100 CTSmin A > FaX—hL7eOb, #O050HE (17,800Xg10min) %175
77
Promega {5 Tl 77 HERR & Zobell2216E i ARG CHRZET 38 L 7=, (25 C,1 H)
BERIR 1000 ul 2=y X Fa—7ZB L, w8 (17,800Xg2 min) #1T-
77 bIEZEET, HEIRITK L Nuclei Lysis Solution % 600 pl Iz Xy ¢ 7

L7z, 80 C 5min TA > F a2X— [ L, FERIZE L7, RNase Solution % 3 ul
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Mz, 37 C 60min TA > % =~X— k L7, Protein Precipitation Solution % 200 pl
Mz, ©Xy7 47 L, KFTSmin f#iER, 20508 (17,800 Xg10min) T
R EEGEEE Lic, EEEHT LW v XU F 2 —T |2 L., isopropanol
% 600l Atuiz, mLoBEEITV (17,800 X g30min) . _biEE B2y Z —TCkrE
L7z, by MELTEIRE~ 70 % =& /) —/v% 600 Wl ALy T 7
L7ct%, = O07HE (17,800 Xg 30 min) Z#1T-7c, =&/ —/VaEET, st
720 % 212 100 ul ® DNARehydration Z 1%, A % =2X— h&1T7572, (65 C,1

h) 547 DNA #ittik%a PCR 7 7L — K & L7z,

2-1-10. PCR {Z £ % 16S rRNA (B - OHER LY A 7 v —7 v R

PCR AFHZEA L. PCR H- X F 2 —712 19l T2437E L 7= (Table 7).,
7 Z A4 ~—121% 8F (5-AGAGTTTGATCCTGGCTCAG-3’) & 1492R (5°-
GGCTACCTTGTTACGACTT-3’) Z HW ., AU A Z —F¥|Z|F TaKaRa Ex Taq

(TaKaRa, Japan) % 72, ZHEIUCDNAIH L= 7% 1l 3§20z
H—< YA 277 —TPCR ItZEIT- T2, V—~/W A7 7 —(Li-Cycler (Bio-
Rad, USA) ZfEH L, WESRMHFIZLLTOME Y IZERE LTz, 95 C 4 53O
1A 27 V1%, 95 C 30 R OEZENE, 55 C 30 o7 =—U > 27 72 C 1.5

DREIOMERIGE 25 A 7 AT o7, 56N T- PCREME 1.5% 7 T a—AF

12



JVEERIKENCHE L, K 1.5 kbp DH— R0 ROHBL &2 R LT-,

16S rRNA EIsF DR DML, 77 A ~—IZ 8F £7213 1492R I L,
BigDye Terminator Kit v 3.1. (Applied Biosystems) (Z L D% A 7 /L —F = R
54T 572 (Table 8) . h—~ YA 7 F —DIRESRMFIXLL T O Y ITRE L,
96 C, 173MDOEENE 1 4 7 v, 96 °C, 10 EIOEZEM:, 55 C, 5 M
DT ==V 7, 60 C, 4 FEOMERIEE 25 A 7 M 1To72,

Ty _XF 2 —T7I22 ul @ 3M Sodium Acetate & AiL, F ZIZHA T —
rUABOY T 20 ZINZ T, 50ul D 100% =% J—/L &Mz, 20 FH
WIVT v 7 A%AT o0, 4 CT 15 3[RFE Ltk =000 (4 °C,17,800X g
15min) #17->7-, Xy X —Tx X /) —L%&EREL, 100pl D 70% TX ) —
Nz, 2y 7 Uik, mOaixziTvyy (4 °C,17,800X g 15min) , B v
Z—TxH )= VERELL, ZORILLT y XU Fa—TDA%BT

e Lz S H T,

2-1-11. 16S rRNA {51 & F\V 7= R AT
=7 2 I L VSN EERCY & & s T 7 B Chromas CTRmsE L.
16S rRNA Bfs D IERS| 2 RE LT, = DB % FIZ National Center for

Biotechnology Information (NCBI) @ Basic Local Alignment Search Tool (BLAST)
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Ze O CHE A BCSIFE RIMERR SR 217V IO RS 2 s L, Dk, <
IVFTIVT T A4 X vV 7k MEGA version 7.0 Z AW TR A ERIL7-, =
DEE~ VT T NT T4 A2 F%Z4T\, Neighbour Joining (NJ) 5% HV T 1000

MDOT—hMARNT v THREEITS T2,

22, TNV LRI R R

Dy e R

BB

2-2-1. LN SR

VoS G RN IS B B AT 13 BRODO Sy RHE 2 E L7z, CPC &% T2 53 iR
KDY A RIS REE R T2 ERbr>TnD  (23)  DfRIETEN A BT 13
BEZ 0.5 %7 L3 USHN 1/10 Zobell2216E A ES HlZ sk L7= (25°C, 120 h),
AR Z 728 K CHEWVE L. CPC AR 2ml %1 T L7z, OB fER CE 7256
X, TOERZWE L, UBROFERTIX, BEFEU AN ORME & LT
Alteromonas sp. U120-2, FHl 7 S 53 figRIE & U C Echinicola sp. 20G, Vibrio
sp. 10N @ 3 ¥k& U /=, Echinicola sp. 20G (2B L CTl&, SfEEMRBRICB W T

FELLS OOV A AP/ PSS BRADPRRD Z LR TRENTTDEE LT,

2-2-2. Al 5y DR

Alteromonas sp. U120-2, Echinicola sp.20G. Vibriosp. 10N @ 3 f£% Zobell2216E
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RIREE TR 2 L7z (25°C, 24h), RBiEE#E L72E52898 100 ul %2 10 ml @ 0.5 %
ULNUER 1/10 Zobell2216E iRIARFHIICBERE L, JERIRS &R 21T o7 (25 C,
72h), WEEREEEZ 1Sml 77 arFa—72B L., w00 (5800Xg 10
min) 1T\ oBEL7=, EiE% 7 4 /L% — (Amicon Ultra — 15 Centrifugal Filter
Devices, Merck f1) T 10 f5IZIEME L. T2 EAEINEMIK & Lz, 720
T 5 EMAIZ PBS % 600 ul A1Z ., K THS L72R7DS & E A (THU-80 ASONE
t, 28 kHz 30 sec X 10) ZAT o7, m0o0BE (5,800Xg10min) (280 EEL 72 |

TH & AR PNARIE & LTz,

2-2-3. WOREEHIELT K 5 50 fiid P ek

FH 0.05% 7 VN R 95 W I FREYE U2 filni oy (RSN MR & 7o I X B A
WHEHME) 2 S iR L7zb oz 7 e UTHIE Lz, fRERELZ 75
72 OIS I AE % kinetics  (infinite 200 PRO Configurations, TECAN £f£) (2 X
DIRIEEE 235nm T 1 7038 12 30 S fEIIE 21T > 7, Z Z THIE L 72O EE 235
nm &%, Fig. 2 TRLTEEIICTARURT AR T —RIZ X0 oSz
EEWENRT DA Y v SRR O HEEAICRINE— 7 2R TH D

(22),
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224, g a~ NI T T 4 —IT XD EE R

TE =/ FEE  H0=2:1: 1 CIRA LR (Table9) % REBAMEIC
AL, Bx UC—IE U, BREMIZITRD T VN A Xa LS DT
NN DIERERETH L 7NV v g, Fvn—R 0 =AML, &
B 0.5 % VS VIR 10 ml (S FRAE U7 i Sy (AR IMERRR & 72 13 AR A
R A 10 pl ML, 37 ‘CT 3 ARIMUG S ETcifk ez % 7 & LTl
E LT, BRI KO 7L % TLC #k (TLC Silica gel 60 Fas425 Glass plates 200
X200 mm MERCK #1) (ZAR v F L, EOHER >y h 7 L — b Tz E 7,
Mz ST TLC A BB I AR 20 20 RIREE L7-tk., RN OHEY H L
TR S E T2, 5% T T X LUV ) — VR U U E=9 1
FRA LI 26HRE (Table 10) 2 K77 N THEZER., Ay 7 L— MIEE

#1130 CTHERL L 7=,

2-3. Echinicola sp. 20G @ 7 L2853 it B A T RED KR E
2-3-1 Echinicola sp. 20G D 7 V77 ) IfRAT

Echinicola sp.20G {ZDOUNT 7V ) MNENT 24T > 7=, promega {EIZ L D AliH L
TDNAWREFEHL, >— 7 AT747 7 ) —DEk%EiT>7-, =7 U —FK

% GridION X5 (Oxford Nanopore Technologies f1:) TH(f& L., v a—hVU—F%
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DNBSEQ-400 (MGI) (2 X Y Hif% L7z, GridION 35 & (OF DNBSEQ TH(f% L 7=+
— v TRRNT OFER % Unicycler D7 7 4V RERIETHAAL 7V v KT vk

TIEITST,

2-32.RAST 2 X277 /77— a3y
7 vl TVAER%Z RAST (Rapid Annotations using Subsystems Technology) T

7T —var&1TW, SEED Viewer T7 /7 — hSNIZT J Laffgad LT,

2-3-3. Local BLAST |2 X % #H G4 fET
Echinicola sp. 20G O 7 )77 ) N EBEFD 7 v ) 7 —FE OFELSI % Local
BLAST | & Y #E[EMEMHT 24T > 7. BLASTN 3 L O BLASTP #1T-7-, Local

BLAST ([Z W= BEfE L3 ) 77— D GenBank % Table 11 (2735 L7,
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Table 2 Contents of 1/10 ZoBell 2216E+0.5 % ulvan medium (1000 ml)

Ulvan 5¢g
Polypepton 05¢g
Yeast extract 0.1g
Artifical seawater 750 ml
Distilled water 250 ml
pH 7.3~7.5
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Table 3 Contents of Marine Broth 2216 medium (1000 ml)

Marine Broth 2216 374¢g
Distilled water 1000 ml
pH 7.3~7.5
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Table 4 Contents of 1/10 ZoBell 2216E+0.5 % ulvan agar medium (1000 ml)

Ulvan 5¢
Polypepton 05¢g
Yeast extract 0.1g
Artifical seawater 750 ml
Distilled water 250 ml
Agar 15 ¢
pH7.3~7.5
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Table 5 Contents of ZoBell 2216E agar medium (1000 ml)

Polypepton 5S¢
Yeast extract lg
Artifical seawater 750 ml
Distilled water 250 ml
Agar 15 ¢
pH 7.3~7.5
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Table 6 Contents of ZoBell 2216E medium (1000 ml)

Polypepton
Yeast extract

Artifical seawater

5¢g

750 ml

pH 7.3~7.5
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Table 7 Composition of reaction mixture in PCR for amplified 16S rRNA gene

Primer (5 pmol)

Forward primer : 8F 0.5 um

Reverse primer : 1492R 0.5 pm
10xEx Taq Buffer 2.0 um
dNTP Mixture 1.0 pm
TaKaRa Ex Taq 0.2 um
Template 1.0 pm
DW 14.8 pm
Total 20.0 um

23



Table 8 Composition of reaction mixture in PCR for cycle sequencing

Big Dye Terminator ver. 3.1 0.5 pm
Primer : 8F or 1492R 1.0 pm
5xSequencing Buffer 4.0 um
Template 1.0 um
DW 13.5 um
Total 20.0 pm
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Fig. 2 The structure of ulvan and each restriction mode of ulvan lyase. The dotted blue

lines indicate the points of restriction site of the ulvan lyase. (modified 2018, Konasani

et al. :22)
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Table 9 Developing solvent for Thin Layer Chromatography

1-Butanol 50 ml
Acetic acid 25 ml
DW 25 ml
Total 100 ml
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Table 10 Color reagent for Thin Layer Chromatography

Ethanol 90 ml
Phosphoric Acid 10 ml
1,3- Naphthalenediol 5 mg
Total 100 ml
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Table 11 List of used gene for homology search (blastn and blastp)

Strain
(Blastn)
Alteromonas sp. KUL17
Alteromonas sp. KUL42
Alteromonas sp. LOR107
Pseudoalteromonas sp. PLSV 3875
Glaciecola sp. KULI10
Alteromonas sp. A321
Nonlabens ulvanivorans PLR
(Blastp)
Alteromonas sp. KUL17
Alteromonas sp. KUL42
Alteromonas sp. LOR107
Alteromonas sp. LOR61
Pseudoalteromonas sp. PLSV_3925
Pseudoalteromonas sp. PLSV_ 3875
Glaciecola sp. KULI10
Alteromonas sp. A321
Pseudoalteromonas sp. PLSV_3936
Formosa agariphila KMM3901
Nonlabens ulvanivorans PLR
Formosa agariphila KMM3901

Formosa agariphila KMM3901

GenBank

LC278382.1
LC278383.1
KU168251.1
KU168252.1
LC278381.1
MN347032.1

JN104480.1

BAY00694.1
BAY00695.1
AMA19991.1

WP _032096165.1
WP _033186955.1
AMA19992.1
BAY00693.1
QFR04505.1

WP _033186995.1
WP 038530530.1
AEN28574.1
CDF79930.1

CDF79911.1

PL family

PL24
PL24
PL24
PL24
PL24
PL25

PL28

PL24
PL24
PL24
PL24
PL24
PL24
PL24
PL25
PL25
PL28
PL28
PL37

PLA40
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3-1-1. U ERE DA 7 ) —= 2 75l

0.5 %7 /LS EHN Zobell2216E A EG Hit & Zobell2216E “PAREFHILIZ 2 ml 97D
5 % CPC #iiZzii T Lz, RE%E, ThETNOBMOEIEHR LTL 2 A,
Fig.3 T4 & 912, 0.5% 7L 8 FRIN Zobell2216E SEARES Tl Al L 7= DI
%f L. Zobell2216E A5 # TIXZ LN R SN Ze o7z, B D 2R IT T v
NUDFEEWDHBTHDLZ LD, CPC IIUANERIGLBEELIZEWS Z &
WO oTe, ZAUTKD DNVANUBRE DA 7 ) — = 7R BRIEZ ML T 5
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TR KO 7 U — =0 ZRBR OFE AR Z Table 12 (Z7"d°, #k44 & Table 12
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3-1-2. 16S rRNA x5 - RALARAT

SYBIE L T2 D VN S RANER 13 RO 16S tRNA SR T-% AW TR L 72 R0t
Z Fig. 5 (TR T ., ARSCFD0HE LT 13 RO T R 53 C . Alteromonas sp.
N2, ul20-2, N3, Pseudoalteromonas sp. DN-1, DN-3, 6G-2, Nonlabens sp. DG-3 @ 3 J&
TRRIZBEEN D 7 VR 2 SRR CTdo Do s THEEN L 72 Paraglaciecola sp. MN-1,
MN-2, Vibrio sp. 10N, Echinicola sp. 20G, Algibacter sp. 1G-1, 1G-1-2 @ 4 J& 6 #RI%
KBETHD VBN GERETH DL LW ZERbhole, HEELTZY

NN X, e T A7 7 U T HH 5 CFB FHIEREIC R L Cuiz,

3-2. Sy fRTEERRER
3-2-1. Ny fRRERRBR

DIV RRIENE IS B S VT 13RO o3 fiRe 2 JIE LT, i R & Fig. 6 12T,
42 20~30 mm & [FIRED D IRBED YA X% 7= L1273, Echinicola sp. 20G 1% 9 mm
E RO USRS NS ol EREAMBERTHRAL TV
Pseudoalteromonas AR06 k& CPC iR Z1T o7& 2 A, U fifEEZ A

THZ ERbhroT,
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3-2-2. WOREERITE S X 5 43 RIS MR

B IRSNRAE R OFE R % Fig. 7 (2”7, Alteromonas sp. U120-2 35 X Y Vibrio sp.
10N 2SRRI & & S IZOLEE OBIMA B & 7= DIzt L., Echinicola sp.20G T
ERFE 2R LT HBROEEITIRIFRILI N Th o 72,

—7J5. Fig. 8 1T/ LT-HIERNEEIE TiX. Alteromonas sp. U120-2 3 X O Vibrio
sp. 10N [ B 258838 L C WO IXIFIEREE N T - 7= DIt LU Echinicola sp.

20G TIIREFEH & & IR E DN Sz,

323, WEs v~ 87T 7 4 —IT X D RIE e R
IR NS PEHRIT AR » N LTEALEIZERE LTV D Z &R TE 7=,

B RN IR OFE R % Fig. 9 127”9, Alteromonas sp. UI20-2, Vibrio sp. 10N,
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PELL B LT > TV D Z Enbhotz,

—J7. Fig. 10 (2R L7 EARPNBEARK ClE, Alteromonas sp. UI120-2, Vibrio sp. 10

FETINRU BRSO EE L LTARY b LIELEIZERE LTV =DI2%
L. Echinicola sp. 20G TIXHWETH D T L/ — A L[ UALEIZ /N RBHER T

X7,
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3-3. Echinicola sp. 20G 0D ©7 )L 2 S5 fR B AR T RE O iE
3-3-1. Echinicola sp. 20G D 7 )V/7 ) If#MT

GridION Tl¥ 2,026,697,233 —2 = A Y — K, DNBSEQ Tl 2,779,128,000
V=7 A — R TH-o7z, GridlON OFEHJFENTE X 90489 bp TH -7,
DNBSEQ & GridION O A 7V R7 wv U T NVORER, a7 0 78T 11

72olz, GCEHE®EIT399% Th o7z,

3-32.RASTIC L DT/ T—va v

TR TNVEERE RASTIZE W T /7 —3 3 %17\, Fig. 11 (Z7r L7z SEED
Viewer T7 /7 — hSNTBInFE2BIE LT, 7/ L9 A XL, 5,785,879 bp.
a—7 4 78K (CDSs) %4915 Thotz, D55 928 fElEk (19 %) D&
{5713 269 OREREIZ S LTz, FEOMRICEAD D C REEEE R 75T 193 &
ZAFELTWD Z ERboroT-, 72, IRNA BIs 1 & (RNA Ba B2 NE

12 Einf (SSU4,LSU4,55:4), BLXON40 BT /) T—arEni,

3-3-3. Local BLAST (Z X 2 tH[FEIMEA#HT
WEEn D vox ) 77— & Echinicola sp. 20G @ 7 )V /) % Local BLAST (2 &

0 FHRMERENT 21T > 7273, Echinicola sp. 20G 1XEEFN D 7 v 30 ) 77—+ L fH[FH]
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F£ 3 Fig. 12 OBEH U VAU RE S FREO — RG22 i L7z (8), £ b
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Fig. 13 |Z" 327 7 A% —1 TliX. GH 77 X U —T& 5% Glycoside Hydrolase,
GH43 (CDS no.431,442,443) Z{Rf LT e, S HIZWS DD T LS53R
(2 B9 %> % {5 - Maltodextrin glucosidase (EC 3.2.1.20) (CDS no.432) , Glucronyl
hydrolase (CDSno0.433) , Laminarinase (EC3.2.1.39) (CDSno0.436) , 2 ->® Xylan
1,4- B -xylosidase (EC3.2.1.37) (CDSno.441,444) , B -galactosidase (EC3.2.1.23)

(CDS no.445) , TonB-dependent transporter (CDS n0.439,446) , lipoprotein (CDS
10.438, 447) DURAT Z HERd L 72,

Fig. 14 T/ 27 7 A& —2 Ti&. CDS no.1735 {Z Rhamnogalacturonan lyase %
BRAELTCWe, 20U 7 —EDEBIZGH 7 7 2 Y —To& 5 Glycoside Hydrolase,
GH88 (CDSno.1736) ,GH2 (CDSno.1760) ORAZfER LTz, S HIZWH <D0

D T IVN G RIZ B 3 5 i /51 Rhamnogalacturonides degtadation protein RhiN
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(CDS1no0.1716) ,2 >® o -L-rhamnosidase (EC.3.2.1.40) (CDSno.1743,1751) ,5
@ f -galactosidase (EC.3.2.1.23) (CDS no.1741, 1746, 1752, 1758,1759) , «-L-
arabinofuranosidase (EC.3.2.1.55) (CDS no.1740) , 2 -2 ® oxidoreductase (CDS no.1749,
1753) ,reductase (CDSno.1789) , TonB-dependent transporter (CDS no.1728,1732) ,
lipoprotein (CDS no.1729, 1733) DA 8 L7,

W OBAR T HEIZ L Glycoside hydrolase 2% < £ L TV /=73, Sulfatase % fifé
R D ENTERD o7z, AEFER L2 2 DO U VS o3 BEE R D
957 7 AF =20 CDS no. 1735 8 ) 7 —BHALESITH D Z L b 7L

V7 —EThDLARENENZ ERBZ BN,
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Fig. 3 Establishment of ulvan degradation activity test. Medium A and B were immersed

in 2 ml of CPC solition. No change in color was observed in medium A. White color
indicates appearance of ulvan (B) . (A; Zobell2216E, B; 0.5 % ulvan 1/10 Zobell2216)
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Fig. 4 The result of ulvan degradation reaction test of each isolates. Each isolates ware
cultured in ulvan containing medium and then immersed in 2 ml of CPC solution. The
strains that made the halo were designated as ulvan degrading bacteria. Totally, 13 strains
of ulvan degrading bacteria could be isolated.

(A; ul20-2, B; 20G, C; 10N, DOD; N2, D@); N3, E; 1G-1, FO; DG-3, F®; DN-1, FOQ);
DN-3, G;6G-1, HD; MN-1, H®; MN-2, H®); 1G-1-2)
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Alferomonas sp. sirain ul20 -2
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Pseudoa lyakovii strainNBRC 10303 5(AB681915.1)
docl carrag strainlAM 12662T(X82136.1)
Pseudoalteromeoncas maring strain mano4{AY563031.1)
100| Pseudoalferomonas sp. strainDN -1
831 Psendoalferomonas sp. strain DN-3

B Pseudoatteromonas sp. straim 6G-1
501~ Echinicola sp. MGO1(IN791308.1)

641 Erhinicola shivajiensis straim AK12(NR 132601.1)
100 99 L mehinicola sedminis(KXT74280.1)
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95 [ Nonlaberns arerilitoratrain MM3(NR 118460.1)
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Proteo
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100 100| || Nonlabens medterr meatcagrFaz21811)
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" Algibacter sp. strain 1G-1
Algibacter sp. sirain 1G -1-2

100

81

65
2%

Aguifex pyrophilus strain Kol5a(NR 029172.1)

Fig. 5 Maximum Parsimony tree based on 16S rRNA gene sequences showing the
relationship between ulvan degrading bacteria and other members of each genus.
Bootstrap values (%) based on 1000 replications are shown at the nodes of the tree.

Sequence from this study shown in bold red text. Novel ulvan degrading bacteria are

shown in yellow lines.
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Table 12 Isolated number of the ulvan degrading bacteria from each samples

Source Sample Isolates degradation activity Sample name

ul-5 4 0
ul-9 3 0
ul-20 5 1 UI120-2
ul-4 4 0
ul2-9 4 0

Ulva ul-sw 2 0
mix-5 4 0
mix-9 3 0
mix-20 5 0
mix2-4 6 0
mix2-9 4 0
mG-10 8 0
mG-20 11 1 20G
mG-30 4 0
mN1-10 5 1 10N
mN1-20 9 0
mN1-30 6 0
mN2-10 7 0
mN2-20 5 0
mN2-30 5 0
mG-2 5 0
mN1-2 7 0
mN2-2 3 2 N2, N3
MG-10 3 0
MG-20 3 0
MN-10 3 0

Sea water MN-20 3 2 MN-1, MN-2
DG-10 3 1 DG-3
DG-20 3 0
DN-10 3 2 DN-1, DN-3
DN-20 3 0
1G-10 3 1 1G-1
1G-20 3 1 1G-1-2
IN-10 3 0
IN-20 3 0
4G-10 3 0
4G-20 3 0
4N-10 3 0
4N-20 3 0
6G-10 3 1 6G-1
6G-20 3 0
6N-10 3 0
6N-20 3 0
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Fig. 6 The result of ulvan degradation ability test. 13 strains of ulvan degrading bacteria
were cultured in ulvan containing medium for five days, and then immersed in CPC
solution. Diameter of halo were measured and described below. (la; ul20-2: 24 mm, 1b;
ARO06: 18 mm, 2a; 20G: 9 mm, 2b; 10N: 26 mm, 3a; N2: 25 mm, 3b; N3: 25 mm, 4a; 1G-
1: 22 mm, 4b; DN-1: 30 mm, 5a; DN-3: 32 mm, 5b; DG-3: 26 mm, 6a; 6G-1: 24 mm, 6b;
MN-1: 19 mm, 7a; MN-2: 19 mm, 7b; 1G-1-2: 29 mm)
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Fig. 7 Kinetics curves of ulvan and concentrate products of supernatant.
(A; Alteromonas sp. UI120-2, B; Vibrio sp. 10N, C; Echinicola sp. 20G)
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Fig. 8 Kinetics curves of ulvan and cell lysate.
(A; Alteromonas sp. U120-2, B; Vibrio sp. 10N, C; Echinicola sp. 20G)
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Fig. 9 TLC image of each standard samples or conjugate samples ulavan and concentrate
products of supernatant. (a; glucuronic acid, b; xylose, c; rhamnose, d; ulvan, e;

ulvan+Alteromonas sp. UI120-2, f; ulvan+Vibrio sp. 10N, g; ulvan+Echinicola sp. 20G)
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Fig. 10 TLC image of each standard samples or conjugate samples of ulvan and cell lysate.
Sample G was observed monosaccharide same as rhamnose standard. (a; glucuronic acid,

b; xylose, c; rhamnose, d; ulvan, e; ulvan+Alteromonas sp. Ul20-2, f; ulvan+Vibrio sp.
10N, g; ulvan+Echinicola sp. 20G)

43



Organism Overview for Echinicola sp. 20G (6666666.693533)

Genome Echinicola sp. 206G For each genome we offer a wide set of information to browse, compare and download.
Domain Bacteria
E & Browse

Taxonomy Bacteria; Echinicola sp. 20G
Neighbors View closest neighbors Browse through the features of Echiniccla sp.

5,785,879 20G both graphically and through a table. Both
Size ol 52y allow quick navigation and filtering for features of
GC Content 39.9 your interest. Each feature is linked to its own
LS50 1 detail page.
Number of Contigs (with PEGs) I Click here to get to the Genome Browser
Number of Subsystems 269

ber of Coding 4913

Number of RNAs “

Subsystem Information

Subsystemn Statistics

Subsystem Feature Counts

Subs: m Coverage bsy Category Distributis
= @m Cofactors, Vitamins, Prosthetic Groups, Pigments (168)
@m Cell Wall and Capsule (27)
@m Virulence, Disease and Defense (32)
@m Potassium metabolism (13)
@m Photosynthesis (0)
@m Miscellaneous (22)
@m Phages, Proph Transposable el lasmids (21)
@m Membrane Transport (12)
@m Iron acquisition and metabolism (4)
®  RNA Metabolism (38)
@m Nucleosides and Nucleotides (55)
@m Protein Metabolism (156)
@m Cell Division and Cell Cycle (3)
@m Motility and Chemotaxis (0)
@m Regulation and Cell signaling (11)
@  Secondary Metabolism (7)
@m DNA Metabolism (58)
@m Fatty Acids, Lipids, and Isoprencids (20)
@m Nitrogen Metabolism (8)
@m Dormancy and Sporulation (1)
@m Respiration (43)
@m Stress Response (28)
® ism of A ic C (22)
@ Amino Acids and Derivatives (258)
@  Sulfur Metabolism (55)
@m Phosphorus Metabolism (18)
@m Carbohydrates (193)

Fig. 11 Over view of the gene composition of strain Echinicola sp. 20G from RAST server.
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1 Alteromonas sp. LOR

GHA43 Sulfatascs GHS8 PLZ4
Sulfatases GHB8] GH105 Sulfatases GHI106 GH5 PL24 GH78
TBDR Rhammose metabolism Sulfatases GH78  GHI105 NewPL Sulfatases Sulfatases GH78
(PL.25)

2 Pseudoalteromonas sp. PLSV

)
GH78 Sulfatases  Sulfatases New PL

GH105 GH78 Sulfatases TBDR

3 Nonlabens ulvanivorans

— ) )y >

GH106 GH106 NewPL Sulfatases

Fig. 12 The gene cluster of ulvan degrading related genes from already reported 3 strains.

(1; Alteromonas sp. LOR, 2; Pseudoalteromonas sp. PLSV, 3; Nonlabens ulvanivorans.)
(modified 2017, Foran E et al. :8)
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at P P 1o

ch Tredrol T

(EC 32.139) Lipog s 438) TonB-d

family 43 (peg_431) (EC3.2.120)(peg 432) (pew 433)

(peg. 436) {peg, 139)

D —— e ————) )

Glycosidehydrolase,  Glycoside hydrolase, Beta-galaclosidase (EC3_2.1.23) Toni 447)
family 43 (peg. 442) family 43 (peg_443) (peg. 445)

Feature ID Function

figl6666666.558T75.peg.431 Hypothetical glycoside hydrolase, family 43, similar to arabinosidase

fipl6666666.558T75.pcg432  Maltodextrin glicosidase (EC 3.2.1.20)

fip6666666.558T75.pcg433  Glucuronyl hydrolase

fip6666666.558T75.pcg434  hypothetical protein

fip6666666.558T75.peg435  hypothetical protein

figl6666666.558T75peg436  Laminarinase (EC 3.2.1.39)

fipl6666666.558775 pep437  hypothetical protein

fipl6666666.558775.peg.438 Cell surface plycan-binding lipoprotein, utilization system for glycans and polysacchanides (PUL), SusD family

fipl6666666.558775.peg. 439 Outer membrane TonB-dependent iransporter, utilization system for glycans and polysaccharides (PUL), SusC family

fip6666666.558TT5pep 440 hypothetical protein

figl6666666.558T75.peg.441 Xylan 1.4-beta-xylosidase (EC 3.2.1.37)

figl6666666.558T75.peg 442 Hypothetical glycoside hydrolase, family 43, similar to arabinosidase

figl6666666.558T75.peg. 443 Hypothetical glycoside hydrolase, family 43, similar to arabinosidase

fipl6666666.558TT5 peg. 444 Xylan 1.4-beta-xylosidase (EC 3.2.1.37)

fip6666666.558T75.pcg.445  beta-galactosidase (EC 3.2.1.23)

figl6666666.558775.peg. 446 Outer membrane TonB-dependent transporter, utilization system for glycans and polysacchandes (PUL), SusC family

fipl6666666.558T75.pep 447 Cell surface plycan-binding_lipoprotein, utilization system for plycans and polysaccharides (PUL), SusD family

Fig. 13 The gene cluster 1 of a putative ulvan degrading related gene of strain Echinicola

sp. 20G.
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OO <) - -

TonB 1 i 1729)
degrasdionprotein RhiN (peg 1728)
(peg 1716)

Tou Lj i Glycosyl hydrolase, Algha L arabi idise Bela

! Alpha I-rhammosidase
transporler (peg 1732)  (peg, 1733) (EC32123)(peg 1741)  (EC32.140)(peg 1743)

e e e iow. A A e e

tyase(peg 1735)  fumily 88 (peg 1736) (EC 3.2.1.55) (peg. 1740)

Beta-galaciosidase Alpha 1. Beta 5 1753)
(EC 32.1.23) (peg 1746) (pep 1749) (EC 3.2.1.40) (peg 1751) (EC 3.2.1.23) (peg 1752)
Bela ? Beta i ycosi Reduciase (EC 1.1.1.133)
(EC 32.1.23) (peg. 1758) (EC 3.2.1.23)(peg 1750) family 2 (peg 1760) (pep1789)
Feature ID Function
fig6666666.558T75.peg. 1716 Rh 1 ides degradation protein RhiN
fig6666666.558T75.peg. 1717 hypothetical protein
fig}6666666.558T75.pep.1718 hypothetical protein
figl6666666.558775.peg.1719 Exopolygalacturonase precursor
fig}6666666.558T75.peg. 1720 hypothetical protein
fig}6666666.558775.peg.1721 Penplasmu: ligand-| bmdmg sensor domain COG3292/ BacS-type histidine kinase / OmpR-type DNA-binding response regulator
1ig6666666.558T75 peg 1722 h y decarboxylating (EC 1.1.1.44)
1ig6666666.558T75 peg 1723 hypothetical protein
1ig6666666.558T75 peg. 1724 hypothetical protein
fipl6666666.558T75.peg. 1725 hypothetical protein
fipl6666666.558T75.peg. 1726 hypothetical protein
fipl6666666.558T75.peg. 1727 hypothetical protein
fig}6666666.558T75.peg. 1728 Outer ib TonB-d . r, utilization system for glycans and polysaccharides (PUL), SusC family
fipg}6666666.558T75.peg 1729 Cell surface glycan-| bmdmg llpopmtmn, lltlllmilﬂ‘ll system for plycans and polysaccharides (PUL), SusD family
fipl6666666.5587T75.peg.1730 hypothetical protein
fipl6666666.558T75.peg.1731 hypothetical protein
fipg}6666666.558T75.peg 1732 Outer b TonB-depend, sporter, utilization system for glycans and polysaccharides (PUL), SusC family
fipg}6666666.558T75.pep.1733 Cell surface glycan-binding lipoprotein, utilization system for plycans and polysaccharides (PUL), SusD family
figl6666666.558T75.peg.1734 hypothetical protein
fig}6666666.558T75.peg.1735 Rhamnogalacturonan lyase
figl6666666.558T75.peg. 1736 Glycosyl hydrolase, family $8
fipl6666666.558T75.peg. 1737 hypothetical protein
figl6666666.558T75.peg. 1738 FIGO1125695: hypothetical protein
1ig6666666.558775.peg. 1739 th 1 acetyl
1ig}6666666.558775.peg. 1740 alpha-L-arabinofuranosidase (EC 3.2.1.55)
1ig6666666.558775.peg.1741 Beta-galactosidase (EC 3.2.1.23)
1ig6666666.558775.peg. 1742 hypothetical protein
1ig6666666.558775.peg. 1743 alpha-L-rhamnosidase (EC 3.2.1.40)
figl6666666.558T75.peg.1744 Xylose isomerase domain protein TIM barrel
1ig6666666.558775.peg. 1745 FIG00654050; hypothetical protein
1ig6666666.558T75 peg. 1746 beta-galactosidase (EC 3.2.1.23)
1ig6666666.558T75.peg 1747 hypothetical protein
1ig}6666666.558T75 peg. 1748 FIG00909075: hypothetical protein
1ig6666666.558T75.peg. 1749 Oxidoreductase, Gfo/ldh/MocA family
1ig6666666.558T75.peg. 1750 hypothetical protein
fip}6666666.558T75.peg.1751 alpha-L-thammosidase (EC 3.2.1.40)
1ig6666666.558T75 peg 1752 beta-galactosidase (EC 3.2.1.23)
1ig}6666666.558T75.peg 1753 Oxidoreductase, Gfo/ldh/MocA fmmly
fipl6666666.558T75.peg. 1754 similar to ribulose-1,5-bisph jlase, Type T
fipl6666666.558T75.peg. 1755 Candidate type I effector Hop pmlcm
fipl6666666.558T75.peg. 1756 Glutamate racemase (EC 5.1.1.3)
figl6666666.558T75.peg. 1757 Sodium-dependent transporter
fipl6666666.558T75.peg. 1758 beta-galactosidase (EC 3.2.1.23)
fipl6666666.558T75.peg.1759 beta-galactosidase (EC 3.2.1.23)
fipl6666666.558775 peg.1760 glyceside hydrolase family 2, sugar binding
fig}6666666.558T75.peg.1761 Sialic acid-specific 9-O-acetylesterase
figl6 . 558775.pep.1789 dTDP-4-dehydrorhammose reductase (EC 1.1.1.133)

Fig. 14 The gene cluster 2 of a putative ulvan degrading related gene of strain Echinicola
sp. 20G.

47



-
I
g

ABFIEIT 1T T DI T VS G il D 53 AT 2 RIS IR 5 2 & 2 BRI, 6
IOT A L IRMEE KDY & TS R & RS D 2 L AT, BEEo v
SV R T ARk BB e D D HEE ST WD DY, TN B
JHELTHALTOWD T AV LIl O TREME DB T 4 %, £/
HEFRAEBE 21T 5 72 DIZ B/ 2 MR SO O IR MK &2 W e

% FABIN TR BE 2 AT © T 0 BERR )N D U LS U RTETEDR WL O T= 2 & e

<

5. MU BEIC W BT d D Marine agar [ZIX T LR G F LTV R
O, —EEICH SR IT o722, 3 HOEBMB T CE L olc b & X
HiLd, A% GIBELTT O BRITITERHIAPIZ U VU0 B AL D O S 70
RPLETHDHEBERADBND, ERNEKTIE, GFC 7 4 2 =6 b oyl
TELZEND, TANF—ZBEBTERWI R EICMHEL TWEMETH D
EBZOND, BREETT TR 2O XD RAFEW G5 T VoS SR 3 57 B
INDZ EITHHRTH T,

53 TR OFER. HID T NS 53 T D Paraglaciecola J& (24)

Vibrio J& (25) , Echinicola J& (26) , Algibacter J& (27) O 7BEIZkEI LTz, 7

a7 AT T U T RE D CFB PIMEREIZIE > Tl . 7 MEREIcBs

48



TYUNNCOHRAIE I AT 5 2 L B3 Rl S 7,

Oy FRIEVERRBR ClX, Alteromonas sp. Ul20-2 ¥k35 X O Vibrio sp. 10N ¥k (&4
BRRIR & O AN DORIEA, B 235 nm OEEINZ 7R L TLC fi#HT C & /0l
DT PR TE 2D, Zhh 2 SDOKITEEMI T 2= Flo
NN ERER BT H Z ENB X BIVD, —J5 Echinicola sp. 20G FED EE IR
R & 7 V3 D EOSH SR IEEE 235 nm OB L ONERE 7 o~ v 75 7

W THBESOGMRETER TE T2 b, REIX T AN Z BT
ELUNNU SRR BT DA RMENH D LB X BiLc, £ Echinicola sp.
20G HRD T VS S FRREIIE OFRER P OMBE LTI b b, EIERSL
TUNN U EGRT D O E X R D02 b O BB XD
N5,

6T Ecinicola sp. 20G ¥k D 7 )V /7 ) W& i L. Local BLAST THEEZI D /LR
YU T—F L OB 21T S 7203, O ) T —RBIXGFE Lo T2, £
T2 DDOUNNUBIREIR AT T AR —D—REEEER L=, BEaO v L
NGB 7 T AZ— LT 5 & 3-Wmifgk 7 A —Z DY Eb 5
Sulfatase & & 7272\ 2 &b 3-Hilk kT &/ — A ZERE, PRIAGHHE L LT
FRT2ZEnEZONT, ZOMBIIBER O 7L 3R & 13aE - 7o R

WM AR O LN ERIDBND,

49



BEEI D w7 Vo3 Y 77— L carbohydrate-active enzymes (CAZy) 7 — & ~— A
(www.cazyorg) (2 13 fHOBBRTFNEHKINLTWVWD, TNHIE 5 DD
polysaccharide lyase (PL24, PL25, PL28, PL37, PL40) (20 &5 (8,20,28-32),
Table 1 T/r L7-BITEMERBEREDS I L TV D AR U 7 —BiX, & THEES:
IZWENT-=y R 7 —ETH D RN~ E TLOpiETE 7200 (8,9,20,
23,28,30-37), AHFFE THBES 472 Ecinicola sp. 20G ¥RITZERNIZ 7 L8 5 fif
EHEZESZ NS, IO VBRI T —ETHHLI ENRRBIND,
L8 BE LTe U AN UG RBERE T RO 5 b, AN ) T — B OBE il

G 2 7 RS, EHERBRICK DV RET 2 2 ENEEND,

50


http://www.cazy.org/

B

Kim LA DIZHTD | B BT > TWIZE & EBIZE L DOXEE
D FE LI ZEHRFPRER EWERFAER AMEEaREHEL iR &
IR E RS O SR L B E 3, 72, M OERES K OMWRFEZAT B dn
WY TR £ LI ZERPRT R EMEIRFIER BB A
PHEsr WEEdR AL EiEt RO MEEdR  SemBEUTI L &R,
i SCHVEE S K OMIFFEIZA T & 72 0 B2 D THh ) 2 TE W T g AE ) 2T e D

REFREADTT % FERAER RICTREH L LT £,

51



2255 3CHK

John RP, Anisha GS, Nampoothiri KM, Pandey A. (2011) . Micro and macroalgal
biomass: a renewable source for bioethanol. Bioresource Technology. 102: 186-93.
doi: 10.1016/j.biortech.2010.06.139.

Singh A, Nigam PS, Murphy JD.  (2011) . Renewable fuels from algae: an answer
to debatable land based fuels. Bioresource Technology. 102: 10-6. doi:
10.1016/j.biortech.2010.06.032.

Jung KA, Lim SR, Kim Y, Park JM. (2013) . Potentials of macroalgae as feedstocks
for biorefinery. Bioresource Technology. 135: 182-90. doi:
10.1016/j.biortech.2012.10.025.

Reisky L, Prechoux A, Zuhlke MK, Baumgen M, Robb CS, Gerlach N, Roret T,
Stanetty C, Larocge R, Michel G, Song T, Markert S, Unfried F, Mihovilovic MD,
Trautwein-Schult A, Becher D, Schweder T, Bornscheuer UT, Hehemann JH.
(2019) . A marine bacterial enzymatic cascade degrades the algal polysaccharide
ulvan. Nature Chemical Biology. 15:803-812. doi: 10.1038/s41589-019-0311-9.

Hiroaka M, Ohno M, Kawaguchi S, Yoshida G. (2004) . Crossing test among
floating Ulva thalli forming “green tide”in Japan Asian Pacific Phycology in the 21
Century: Prodpects and Challenges. 239-245. doi:
10.1023/B:HYDR.0000020332.12641.a2.

Lahaye M, Robic A. (2007) . Structure and functional properties of ulvan, a
polysaccharide from green seaweeds. Biomacromolecules. 8: 1765-1774. doi:
10.1021/bm061185q.

Lahaye M, Ray B.  (1996) . Cell-wall polysaccharides from the marine green alga
Ulva “rigida” (Ulvales, Chlorophyta)-NMR 287 analysis of ulvan oligosaccharides.
Carbohydrate Research. 283:161-173. doi: 10.1016/0008-6215(95)00407-6.

52



10.

1.

12.

13.

14.

Foran E, Buravenkov V, Kopel M, Mizrahi N, Shoshani S, Helbert W, Banin E.

(2017) . Functiol characterization of a novel “ulvan utilization loci” found in
Alteromonas sp. LOR genome. Algal Research. 25: 39-46. doi:
10.1016/j.algal.2017.04.036.

LiQ,HuF,ZhuB,NiF,YaoZ. (2020) .Insights into ulvan lyase: review of source,
biochemical characteristics, structure and catalytic mechanism. Critical Reviews in
Biotechnology. 40: 432-441. doi: 10.108032/07388551.2020.1723486.

Kidgell JT, Magnusson M, Nys R, Glasson CRK. (2019) . Ulvan: a systematic
review of extraction, composition and function Algal Research. 39: 101422. doi:
10.1016/j.algal.2019.101422.

Petitou M, Duchaussoy P, Lederman I, Choay J, Sinay P, Jacquinet JC, Torri G.
(1986 ) . Synthesis of heparin fragments. A chemical synthesis of the
pentasaccharide O-(2-deoxy-2-sulfamido-6-O-sulfo-alpha-D-glucopyranosyl)-(1-4)-
O-(beta-D-glucopyranosyluronicacid)-(1-4)-O-(2-deoxy-2-sulfamido-3,6-di-O-
sulfo-alpha-D-glucopyranosyl)-(1-4)-O-(2-O-sulfo-alpha-L-
idopyranosyluronicacid)-(1-4)-2-deoxy-2-sulfamido-6-O-sulfo-D-glucopyranose
decasodium salt, a heparin fragment having high affinity for antithrombin IIL
Carbohydrate research. 147: 221-236. doi: 10.1016/s0008-6215(00)90633-5.

Vlachou M, Tragou K, Siamidi A, Kikionis S, Chatzianagnostou AL, Mitsopoulos A,
Ioannou E, Roussis V, Tsotinis A. (2017) . Modified in vitro release of the
chronobiotic hormone melatonin from matrix tablets based on the marine sulfated
polysaccharide ulvan. Journal of Drug Delivery Science and Technology. 44: 41-48.
doi: 10.1016/j.jddst.2017.11.019.

Leiro JM, Castro R, Arranz JA, LamasJ.  (2007) .Immunomodulating activities of
acidic sulphated polysaccharides obtained from the seaweed Ulva rigida C. Agardh.
International immunopharmacology. 7: 879-888, doi: 10.1016/j.intimp.2007.02.007.

Mao W, Zang X, Li Y, Zhang H.  (2006) . Sulfated polysaccharides from marine

green algae Ulva conglobata and their anticoagulant activity. Journal of Applied
phycology. 18: 9—-14. doi: 10.1007/s10811-005-9008-4.

53



15.

16.

17.

18.

19.

20.

21.

Jaulneau V, Lafitte C, Jacquet C, Fournier S, Salamagne S, Briand X, Esquerré-
Tugayé MT, Dumas B.  (2010) . Ulvan, a sulfated polysaccharide from green algae,
activates plant immunity through the jasmonic acid signaling pathway. BioMed
Research International. 525291. doi: 10.1155/2010/525291.

Paulert R, Talamini V, Cassolato JEF, Duarte MER, Noseda MD, Smania A, Stadnik
MJ. (2009) . Effects of sulfated polysaccharide and alcoholic extracts from green
seaweed Ulva fasciata on anthracnose severity and growth of common bean

(Phaseolus vulgaris L.) . Journal of Plant Diseases and Protection. 116: 263-270.
doi: 10.1007/b103356321.

Kamimura Y, Hashiguchi K, Nagata Y, Saka Y, Yoshida M, Makino Y, Amano H.

(2010) . Inhibitory Effects of Edible Green Algae Monostroma nitidum on
Glycemic Responses. Nippon Shokuhin Kagaku Kogaku Kaishi. 57: 441-445. doi:
10.3136/nskkk.57.441.

Ivanova V, Rouseva R, Kolarova M, Serkedjieva J, Rachev R, ManolovaN. (1994) .
Isolation of a polysaccharide with antiviral effect from Ulva lactuca. Preparative
Biochemistry & Biotechnology. 24: 83-97. doi: 10.1080/10826069408010084.

Yip VLY, Varrot A, Davies GJ, Rajan SS, Yang X, Thompson J, Anderson WF,
Withers SG.  (2004) . An unusual mechanism of glycoside hydrolysis involving
redox and elimination steps by a family 4 beta-glycosidase from Thermotoga
maritima. Journal of the American Chemical Society. 126: 8354-8355. doi:
10.1021/ja047632w.

Collen PN, Sassi JF, Rogniaux H, Marfaing H, Helbert W.  (2011) . Ulvan lyases
isolated from the Flavobacteria Persicivirga ulnanivorans are the first members of a
new polysaccharide lyase family. The Journal of biological chemistry. 286: 42063-
42071. doi: 10.1074/jbc.M111.271825.

Kopel M, Helbert W, Henrissat B, Doniger T, Banin E.  (2014) . Draft Genome

Sequence of Pseudoalteromonas sp. Strain PLSV, an Ulvan-Degrading Bacterium.
Genome Announcement. 2: €00793-14. doi: 10.1128/MRA.01254-19.

54



22.

23.

24.

25.

26.

27.

Salinas A, French CE. (2017) . The enzymatic ulvan depolymerisation system from
the alga-associated marine flavobacterium Formosa agariphila. Algal Research. 27:
335-344. doi: 10.1016/j.algal.2017.09.025.

He C, Muramatsu H, Kato S, Ohnishi K. (2017 ) . Characterization of an
Alteromonas long-type ulvan lyase involved in the degradation of ulvan extracted
from Ulva ohnoi. Bioscience, Biotechnology, and Biochemistry. 81: 2145-2151. doi:
10.1080/09168451.2017.1379352.

Shivaji, S, and Reddy GS. (2014) . "Phylogenetic analyses of the genus Glaciecola:
emended description of the genus Glaciecola, transfer of Glaciecola mesophila, G.
agarilytica, G. aquimarina, G. arctica, G. chathamensis, G. polaris and G.
psychrophila to the genus Paraglaciecola gen. nov. as Paraglaciecola mesophila
comb. nov., P. agarilytica comb. nov., P. aguimarina comb. nov., P. arctica comb.
nov., P. chathamensis comb. nov., P. polaris comb. nov. and P. psychrophila comb.
nov., and description of Paraglaciecola oceanifecundans sp. nov., isolated from the
Southern Ocean." International Journal of Systematic and Evolutionary
Microbiology. 64: 3264-3275. doi: 10.1099/ijs.0.065409-0.

Thompson CC, Thompson FL, Vicente AC, Swings J. (2007) . "Phylogenetic
analysis of vibrios and related species by means of atpA gene sequences."
International Journal of Systematic and Evolutionary Microbiology. 57: 2480-2484.
doi: 10.1099/ijs.0.65223-0.

Nedashkovskaya OI, Kim SB, Vancanneyt M, Lysenko AM, Shin DS, Park MS, Lee
KH, Jung WJ, Kalinovskaya NI, Mikhailov VV, Bae KS, Swings J. (2006)
Echinicola pacifica gen. nov., sp. nov., a novel flexibacterium isolated from the sea

urchin Strongylocentrotus intermedius. International Journal of Systematic and
Evolutionary Microbiology. 56(Pt5):953-958. doi: 10.1099/1js.0.64156-0.

Nedashkovskaya OI, Kim SB, Han SK, Rhee MS, Lysenko AM, Rohde M, Zhukova,
NV, Frolova GM, Mikhailov VV, Bae KS. (2004) . "dlgibacter lectus gen. nov.,
sp. nov., a novel member of the family Flavobacteriaceae isolated from green algae."
International Journal of Systematic and Evolutionary Microbiology. 54: 1257-1261.
doi:  10.1099/ijs.0.02949-0.

55



28.

209.

30.

31.

32.

33.

34.

35.

Ulaganathan T, Boniecki MT, Foran E, Buravenkov V, Mizrachi N, Banin E, Helbert
W, Cygler M. (2017) . New ulvan-degrading polysaccharide lyase family: structure
and catalytic mechanism suggests convergent evolution of active site architecture.
ACS Chemical Biology. 12: 1269-1280. doi: 10.1021/acschembio.7b00126.

Coste O, Malta EJ, Lopez JC, Catalina FD. (2015) . Production of sulfated
oligosaccharides fromthe seaweed Ulva sp. using a new ulvan-degrading enzymatic
bacterial crude extract. Algal Research. 10: 224-231. doi:
10.1016/j.algal.2015.05.014.

Qin HM, Xu P, Guo Q, Cheng X, Gao D, SunD, ZhuZ, Lu F.  (2018) . Biochemical
characterization of a novel ulvan lyase from Pseudoalteromonas sp strain PLSV.
RSC Advances. 8:2610-2615. doi: 10.1039/C7TRA12294B.

Reisky L, Stanetty C, Mihovilovic MD, Schweder T, Hehemann JH, Bornscheuer UT.

(2018 ) . Biochemical characterization of an ulvan lyase from the marine
flavobacterium Formosa agariphila KMM 3901T. Applied Microbiology and
Biotechnology. 102: 6987—6996. doi: 10.1007/s00253-018-9142-y.

Ulaganathan T, Banin E, Helbert W, Cygler M.  (2018) . Structural and functional
characterization of PL28 family ulvan lyase NLR48 from Nonlabens ulvanivorans.
Journal of Biological Chemistry. 293: 11564-11573. doi:
10.1074/jbc.RA118.003659.

Konasani VR, Jin C, Karlsson NG, Albers E.  (2018) . A novel ulvan lyase family
with broad-spectrum activity from the ulvan utilisation loci of Formosa agariphila
KMM 3901. Scientific reports. 8: 1-11. doi: 10.1038/s41598-018-32922-0.

Ulaganathan TS, Helbert W, Kopel M, Banin E, Cygler M. (2018) . Structure—
function analyses of a PL24 family ulvan lyase reveal key features and suggest its
catalyticmechanism. Journal of Biological Chemistry. 239: 4026—4036. doi:
10.1074/jbc.RA117.001642.

Qi HM, Zhao TT, Zhang QB, Li Z, Zhao Z, Xing R.  (2005) . Antioxidant activity
of different molecular weight sulfated polysaccharides from Ulva pertusa Kjellm

(Chlorophyta). Journal of Applied Phycology. 17: 527-534. doi: 10.1007/s10811-

56



36.

37.

005-9003-9.

Mann AJ, Hahnke RL, Huang S, Werner J, Xing P, Barbeyron T, Huettel B, Stiiber
K, Reinhardt R, Harder J, Glockner FO, Amann RO, Teeling H. (2013) . The
genome of the alga-associated marine flavobacterium Formosa agariphila KMM
3901T reveals a broad potential for degradation of algal polysaccharides. Applied
and Environmental Microbiology. 79: 6813-6822. doi: 10.1128/AEM.01937-13.

Gao J, Du C, Chi Y, Zuo S, Ye H, Wang P. (2019) . Cloning, expression, and

characterization of a new PL25 family ulvan lyase from marine bacterium
Alteromonas sp.: A321. Marine Drugs. 17:pii: E568. doi: 10.3390/md17100568.

57



