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Abstract
Project Code : RMU5180044
Project Title : The antimicrobial and antiviral activities of Gracilaria extracts and the application to
increase immunity in shrimp
Investigator: Assistant professor Kanokpan Wongprasert, Department of Anatomy, Faculty of
Science, Mahidol University
E-mail Address : sckbp@yahoo.com
Project Period : November 15, 2008 - May 15, 2011

It has been reported that substances extracted from seaweed have anti-bacterial and anti-viral
activities. This research aimed to extract compounds with activity against bacteria and viruses from
red seaweed Gracilaria fisheri (G. fisheri) and evaluate the ability of the extracts to stimulate
immunity in shrimp. G. fisheri were extracted by using 2 methods: 1) extraction with solvents
including methanol, ethanol, chloroform and hexane, and 2) extraction with water to obtain sulfated
galactans (SGs). The different extracts were evaluated for anti-bacterial activities against Vibrio
harveyi (V. harveyi) and SGs were evaluated for anti-viral activity against white spot syndrome virus
(WSSV). The results demonstrated that the ethanol extract showed the highest anti-V. harveyi
activity in vitro and increased levels of immune parameters in shrimp. Shrimp treated with the non-
jelly fractions of SGs, WE2NGF, significantly increased the survival rate, the immune parameters
levels and decreased amplification of viral protein 28 (VP 28) gene and VP 28 protein. The solid-
phase virus binding assay revealed the binding ability of WE2NGF with WSSV and on removal of
sulfate from WE2NGF, the binding ability decreased. In vitro haemocytes culture showed that
WE2NGF reduced the cytopathic effect induced by WSSV. Far Western blot analysis
demonstrated the binding of WE2NGF with the viral surface proteins particularly 19, 24, and 28
kDa proteins. Haemocytes treated with WE2NGF showed less fluorescent intensity of VP28,
compared to control (24% of the control). Moreover, haemocytes treated with desulfated-WE2NGF
showed the intensity of fluorescent increased to 83% of control. Structure analysis by NMR and
FT-IR spectroscopy showed that WE2NGEF is a repeating unit of 3-linked B-D-galactopyranose and
4-linked 3,6-anhydrogalactose with sulfate groups at position C4 of the D-galactopyranose and C6
of the L-galactopyranose. Molecular weight determination of WE2NGF was about 100 kDa and the
percentage of sulfation was about 12%. The results suggested that the ethanol extract had anti-V.

harveyi activity, and its activity was better than SGs. Both ethanol extract and SGs had immune



boosting properties. The WE2NGF showed the potent anti-WSSV activity in shrimp by reducing
the virus replication which might be the consequence of the binding of WE2NGF with proteins on
the surface of the virus, particularly, VP28, an important protein in viral binding and entry into cells.
Additionally, the important structure that affects the binding of WE2NGF to the virus might be the

sulfate groups.

Keywords: Gracilaria fisheri, sulfated galactans, anti-WSSV, anti-V. harveyi, immunity, shrimp
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\ReaTauuafiise V. harveyi 100 Mg lu MHA medium (MHA 10.5 g, ¥naw 500 ml, ASW 15
g) 3w 1 ml ANRIRNQNIIMTIERNWIINENAGI  Organic  solvents 619 ¢ ABLUNILOA
LENTIUER ARBLIWESN  UAzLEnLEY AANNTNT® 0.05, 0.1, 0.5 Waz1 mgdamida KaaANaaed
nnuwih lWusfigunnd 30°C Judiedariia 250 seudewdl luim 24 Tlus Janisganiu
W& (OD) 71 600 W1l ULAT Lﬁagé'm'mm,auimadLLUﬂﬁL’%UL’%aaLm lasnamInaasadIouiiay
[ AV o ' A oA X & A A . . Aa .
Aunaflaan NANAILAN A NRUNLREILTBLUANLIY V. harveyi 4 MHA medium 73 organic

solvents NlTzNAES

@ a [ 1 L .
NAFBUANMNLLUNBUDIFIIANALDNINDRIINATNI Elsl%ﬂ')'él'él%“llild Artemia

[
eaAA o

SusamInnla Artemia 300 mg ludininasniiiin 800 ml auLAx 30 ppt. YSunmaandian
thunand Wwaan 24 32lud auldArtemiaszazduaans 1 (instar1) 14 Artemia seozduaans 1 $1uwin
10 67 e 1I9WADY (culture dish) WU UAUENA19 10 LEUALNAT AN 1 Loudiuas lag

L’ﬁm"Lﬂ“?imwmﬁuﬁmms] fa 10, 100, 1,000, 2,000, 4,000, 6,000, 8,000, 10,000 pg/ml UIN1a3 5
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mlLLazﬂtj:&lﬂ’)‘Llﬂil ﬁ'uﬁﬂé'm’\mimwadArtemia‘ﬁnm 24 %'ﬂmLLazﬁwmm@hmmrﬁuﬁuﬁﬁaﬁ

ﬁq@ﬁﬁmmlﬂuﬂw HNNNINARBITI 5 A9
wa v & AaAa A . L4 [
NAFDUAWANIG Twnisauianuanisatsasuas (V. harveyi) ‘luqammman (post larvae)

¥ Artemia 3282BUFAN51 (instar1) N1 enrichment @38 ethanol extract NNRININLNUU
ANUENTYH 1 mg/ml AaN6N9g A 2, 4, 6, 8 uaz 24 TlN9 uaziialwiudenmsranaysanuans
o A o o = a o [ ! o oo v A a
gna Nan U uaArtemia I N INRN FNENAIWIINUENIRNALENIKAANAY YN IRFILNa a1 HUTu
asgyanan lUluaq Artemia 1vin'ls wudnfilanadue 6 Talaene 24 TlNINUTU M IRITENA bb
@2 Artemia NNINALALINK F98anIaN 6 T luaNnlTlumT enrichment Artemiataidua1w13rs
PuaLansia 1y

TenadUIaLan (PL15) mng{uﬁ%%’mmzﬁ'@ummaﬁuﬁﬁagﬂﬁm’uﬁmlun&iaawmaaﬂla
U@ 500 ml ANULAN 15 ppt. NEBIRZ 5 67 T,@amimaam%’aﬁuﬂarj@aamﬂu 5 NgY NEUAT 20
@ A 1) nduAuaunlATIfiu Artemia 533000 2) nguAILAUALATIRU Artemia Nl ethanol waw

]
1 =}

Ay PBS.ludanain 1:1 3) ﬂquwlﬁrjoﬁuAnemia ARFIFNALOMIUDRINFININUNUWIS 0.5 mg/ml

4) ngunlwiaiu Artemia NilanTanalanuaaINmnIIEELw 1 mg/ml laald Artemia 1iuiian

o ' e { v o 6 -1 { ' ¥
14 Y% AWM LT OLUANLIITAILFINAULTNTY 1Xx10° CFU ml luﬁﬂqumwmaamﬂﬁ
was 5) ﬂa;umuqumﬁrjoﬁu Artemia 5370ALG LUTINIRALTD ﬂ'uﬁné’mwmsmwaarjfmé’amﬂ

AaLrauuafiay V. harveyi NI 1uaan 7 7 immasasdn 4 a9

e @ & A A A o o . . @
‘ﬂﬂﬁﬂ'ﬂﬂlmﬁ&lﬂﬂ 1%ﬂ'\5@n%lﬂiaLlﬂﬂﬂlsﬂl‘ia\ﬂlaﬂ (V. harveyi) 1%q0qa’m’1 (juvenile) AYET

&1 ethanol extract INFMINYHAWIILAL NAFDUAMENTR IWN1INIzARIRANNKIRNY

v

o o a ,ﬂ' 6 ; v Qs ar a o ::lv 1
TNAEITING 20-25 g MUK 60 67 TONIIIURLINININIARTINT iuaeslutia
PUA 80 HAT ANNLAN 10 ppt. I@m'émlﬁfj&ﬂ%’uammﬂunm 3 TR RLINAININAFDI LLﬂarj\‘l
paniu 5 ngu nguaz 30 o1 fa 1) rjfamg:umuquﬁvl,;jvlﬁ%'un'riﬁ@mﬂ@6] 2) mjumuquﬁﬁ@ﬁ’m
ethanol NauAL PBS ludaain 1:1 3) ﬂ&jmaaf‘j\aﬁﬁ@m‘iaﬁ'@ ethanol extract N1 ANNLTNTH 0.5
mglg BW 4) mjmaaﬁaﬁﬁ@mmﬁ'@ ethanol extract i ANNNTY 1 mg/g BW lasdiaansana 2

& a o A o A A o & o % A a o & & o
AR NN 1 WazIuN 3 VaININaaaINnaNLtariaslaasn 2 TudSuas 100ul/ @9 PINBWRLIN
daludn 3 Tu FedazaiTauuaiiie V. harveyi Nldnasauudrildfiansiungunmanasng
nau waz 5) nguangulifimifeda V. harveyi Tufindannsasvasfindsnniaiauuaiie
V. harveyi % Lﬁué"samaLﬁ@Lﬁa@1mﬁwmimaauqmauﬁ'ﬁ’[umim:@jugﬁﬁuﬁ'uﬁ” lasiaasi

q q

A1niidu Auen9920979 Ao SIUIULTAIREANINNG (otal  hemocyte  count),  THavaddaLRaA
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(differential hemocyte count), prophenoloxidase activity, 1/331% superoxide anions Laz superoxide

dismutase activity

NAN15398

! . . . . A = & A ' 6 A Ao o & &
8% Gracilaria fisheri N\NU3N wu‘nmmmﬂm q. E‘qﬁ’]'ﬂi]i‘ﬁ’]% UNVAFAIAII L‘lJuEl]

' L2
@ A o o

a :’ o 1 v = AaAa g: A '
LIEIETI NIWNNITUON 3ILWT INBWIUSADUDIILAUEY UFAILLGLULIB DT "Lﬂﬁmmzmamma@ (Eﬂ 1)

31 1. @MIURNWS  Gracilaria fisheri

tY $ oA LY o A v n:i > o & a a
ﬂ'li(m%l,gaLL?IJﬂ‘YILiEILL&:WJ’mL'ﬂN‘IIWIIEl\‘liﬂ'liﬂﬂﬂﬂ%aqum‘nW]N'ﬁﬂﬂﬂﬂdﬂ']imitymufm

2aIUUANLTY V. harveyi (Minimal Inhibitory Concentration, MIC)

mIsugimaasdulavasuuaiiis V. harveyi LLamLﬂuLé’umquﬁﬂmwaau‘%nm zone
of inhibition HANINARBINLITRIIAENG methanol extract, ethanol extract Laz chloroform extract i
L£E & a A A A . v A o v A o £ .
andgugemsesdulavasuuaiiise V. harveyi Inatdpsnuuazlndl@nsnugnives Norfloxacin
wazwuindaiuanuitudusasssanansaushassignisugensatydvlevasuua o
a v J U dl v v 1 Qfﬂf g:
UILITWNINNVY 83%  hexane extract nNaNVLWNVUYLY 0.1, 0.5, 1 mg/mi VLSJNE]'Y]ﬁEIUUGﬂ'ﬁ
a a A A ' A Lo & = o A v o ] '
WSidule vasuuefise ualgndguguaniasianududs 5 uaz 10 mg/ml (A13191) FIUAIVDS
MIC WU731 Methanol extract WLz Ethanol extract 461 MIC 0.1 mg/ml Hexane extract 4¢1 MIC 0.2
mg/ml Waz Chioroform extract &iei1 MIC 0.075 mg/ml llanaseulasld V. harveyi suwug 39864,
15326 uwaz 1114 (3U2) uazwundannanigidula vesunefiioiFasuss 8daniInis

A A A v A o & o €
wigdulasaaanlndidnsiulung 3 smowug
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identiication monc of mhibition n dlameter of . fisheri extracts (mm)

Concetrations (mg/m)

Exinc “':'m 0.1 05 1 5 10 20
Methanel 0 754057 875095 “‘1;*” 05:182 104081 1054141
Etkanol 0 975550 975HAL 1054095 975329 112050  12:1.70
Chisroierm 0 7 7 3 8.5+1.13 1057 1054057
Hexane 0 3540 573164 623232 2 #2130 8.5¢1.80 H2.08
Noflexacin 11410

@139 1. NTLFRLFRNguInaIaILTRUNINITUGINTIATYeIMUATISE V. harveyi strain

1114 (zone of inhibition)lA8EIRAARININA GNANULTUTUA

0.90 -
080 4 ] ] ] ]
0.70 -
0.60 -
0.50 -
040 -
0.30 -
0.20 -
0.10 -
0.00

O.D. 600

methanol chloroform hexane ethanol

OControl 00.05mg/ml B0 1mgml B0S5mgml B1mgml

31 2. mIganfuusafl OD 600 wilwwas Tydvanfsniaeiyvauuafite Waldmsaiawn

WOALAZLEMUDRINIAINENIBNNANUTNTRAN gluiuafiFe V. harveyi
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1 @ A [ 1 o 1 .
ﬂ’lﬂ')’l&uﬂ%ﬂ‘bﬂlaﬂﬁ'ﬁﬂﬂﬂLE]‘YI’I%Bai]’lﬂﬁ’l‘Vii'lilN&J%’IG‘LHGI'JE] a1uaJ Artemia

aeanuiuiwrasasananiamuaaluaisanuadArtemia (LC50) Jadszanas 4 mg/ml

4 A o
Banandenuduivndwnn U 3)

Artemia toxicity evaluation
120
100

K0
60

% Mortality

40

0 + =+ +

contiol - T1e | Lt JEL U ZiWH) Ry NN BHNb JRLCU

0 —

C'oncentration of the ethanol extract (ugmil})

= C A CTr AT o e Crvmaren Srmacs (W 1w

31 3. LFAIERTINIAN BB ArtemialusnIENALEMUBANANUTUTUA 9

Al ‘s . [
HanAFoUAMENLIA IWNIA T BuUATISESaouad (V. harveyi ) lunsawialan (post larvae)

MNNIINARBINLIIVMIAENARIINGATE V. harveyi Tungufilifassaiainiseany
28NITIALTINGY fia e 100 % Twiud 2 waaldTuize dufenin Aremia Nfiasariaiemues 0.5
uaz 1 mg/ml finagadaeignvagseavasis Wafisuiunduaivau laofsnfin Artemia a3

snalamuaa 1 mg/ml §6aN1I500N 68% NAIIINMIAALTE 7 Tu (71 4A)
@ a & a A . g . . .
nIAwMsAnlie wuafitie V. harveyi Tuisla (juvenile shrimp)

MNNINARBINUIN WRIINGAALTE V. harveyi luid juvenile shrimp nduilifaasaria &
MIANBALNTINTINGS |dTUTa V. harveyi fa @18 100 % 1wiun 3 natldiuize dudsniass

81 ethanol extract A NLTUTU 1mg /g BW. inansagjaauedisunninaguaiuey (3 48)
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A: Post larvae shrimp
120 +

100

% Shrimp Survival
[=)}
[}

Day after challenge
——Negative control, unchallenged shrimp 1.0 EtOH, bacteria
== (.5 EtOH, bacteria —==7Vehicle control

=P ogitive control

B: Juvenile shrimp

120

104 3

30

60

&5 Survival

Day after 1 rarveyi challenged

—+—Challenged control ——Vehicle control, bacteria
—d— 1 0 EtOH. bacteria ——(.5 EtOH. bacteria

——Unchallenged control

= [y o o & . 6 (Y = o a
31 4. wWedidudmiseavasiinasanliiza V. harveyi 1x10° cfuiml lu A) fasmaidnnasainiu
ArtemiaN A& IINANFININNUWIY Ethanol extract NONNLTNTH 0.5 waz 1 mg/ml. tduiaa1 5 10

Weunungueluay B) f‘jﬂ@ﬁﬁ@miaﬁ'@ ethanol extract N ANLTNTH 0.5 Waz 1 mg/g BW LA

e 1

qaﬂqumquﬁ@ﬁw ethanol NguNU PBS luaayain 1:1, ﬂ@;umuquLm:mg'wmquvlajﬁﬂﬁﬁ@
&

Loa V. harveyi
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A\ b a v s ¥
Qma&mm‘lum INITEWI N@]‘Nﬂ%sl%f].\‘l

u

e A

szauidunn fa Swmidaiiaaninua (total  hemocyte count), THavadLiaiAea
(differential hemocyte count), prophenoloxidase activity, superoxide anions LR superoxide
dismutase activity 7833lungunfaasania ethanol extract N1 A WLTUTU 0.5 Uz 1 mg/g BW

[ £ L A e o w oA A [ ' & o A o A o A
SZ@]UQGTT«L@U’]GN%UWW@QJL&laLﬂﬂUﬂUﬂq&lﬂfJUﬂN ‘Y]\‘]lu']u‘ﬂ 3 IUN 7 AT 1UN14 (3‘]_] 5)

A

Total haemocyte in juvenile shrimp
(un challenge experument)

[S8]
Lh
I}

2

0.5

Total number of haemocyte (x10”cells/ml)

0

0 3 7 14

Day after ethanol extract injection

OCControl B Vehicle control  E0 SFtOH E1 0FtOH
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28R B REAS
521 £ 01UDEY JO 0y,
=
=
=
=]
-
s e = oe 2 o
S &8 222832838

NOQAD O IDBL JO g,

D.Day 14

100 -

=

=

o e e o o @
R

$31AI OUIDBNY JO g,

K21 AD0 WDBL] JO g,

3G
*indicate significant differences fromthe control group

@0.5EQOH ®10EOH

OControl B Vehicle control

3)

=00

(P
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PO activity (unit/min)

SO production (O0.D.630nm)

PO activity i juvenile shrimp
(un challenge experiment)

1600.0 -

1400.0 -
12000 -
1000 .0
$00.0
600.0
4000
200.0

0.0 +

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Sl

day0 day 7 day14

Day after ethanol extract injection

OControl - B Vehicle contral - B0 SEHOH @1 0 FtOH

Respiratory burst in juvenile shrimp
(un challenge experiment)

day0 day3 day7 dayl4

Day after ethanol extract injection

OControl @ Vehicle control B0 SFtOH @&1.0FtOH
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Superoxide dismutase activity
(un challange experiment)

SOD activity (unit/mg protein)
e

] day3 day? dayl4

Day after ethanol extract injection

aControl B Vehicle control 05 FtOH @Bl 0FOH

31U 5. ugasdaridnsglumsiaszauniquinislas A) usasdwindaien B) dSunmvesda

\Haaadiadngg C) é1 PO activity D) U381t superoxide anion Wag E) superoxide dismutase

arduazafdsignanisivg

G. fisheri is important red seaweed specie that is found along the Southern coast of
Thailand. Farmer generally culture G. fisheri in shrimp ponds as biofilters to help reduce nutrients in
wastewater and decrease nitrogen compounds in shrimp pond effluence (Troell, et al., 1999).
Besides, it has been observed that shrimp cultured with G. fisheri are healthy and grow fast.
Previous evidences showed many species of red seaweed are potential sources of anti-bacterial

agents and immunostimulants (Bansemir, et al., 2004, Puglisi, et al., 2007).
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The present study showed that the solvent extracts of G. fisheri including the ethanol,

methanol, chloroform and hexane extracts elicited antimicrobial activity against three virulence

strains of V. harveyi namely, 1114, 15326 and 39864. The antimicrobial activity could be graded as

moderate inhibition. The zones of inhibition of ethanol, methanol and chloroform extracts were

larger than that of hexane extract. However the ethanol and methanol extract showed the best

result among the four. Similar to the previous studies the methanol and chloroform extracts of J.

rubens showed more potent antimicrobial activity than that of the hexane extract (Karabay-

Yavasoglu, et al.,, 2007). This result was supported by the work of Bansemir et al (2006) that

seaweed extraction with low polarity solvents yielded high antibacterial activity agents than high

polarity ones. Screened by the value of antibacterial activity and the polarity of the extract, thus,

the ethanol extract was a good candidate to be studied further.

Vibriosis mortality is induced by stressed factors such as poor water quality, high water

temperature, crowding, low DO, and low water exchange (Brock and Lightner, 1990, Lightner,

1993) and usually causes 100% mortality of larvae in the hatchery stage of penaeid culture

(Baticados, et al., 1990). Postlarvae and young juvenile shrimp P. monodon suffered mortalities

within 48 hr of immersion with virulence strains of V. harveyi. Routinely, farmers protect their

shrimp from vibriosis by water management (Sung, et al., 1999), good site selection, pond design

and preparation (Lightner, 1993), reduction in pond biomass and antibiotic supplementation

(Tendencia and de la Pe a, 2001). The present study aimed at feeding the ethanol extract of G.

fisheri to the post larvae black tiger shrimp by means of bioencapsulation and examined its

antibacterial activity against V. harveyi. The result showed shrimp fed with artemia enriched with
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the ethanol extract at concentration 1.0 mg/ml could survive approximately 82.5 %. In general
toxicity test, LC50 is considered strong when ranging between 0-80 [lg/ml, moderate between 80-
250 pg/ml, and indicated as weak when more than 250 lg/ml (Ramos, et al., 2009). The result
suggested the ethanol extract of G. fisheri at concentration 1.0 mg/ml was a good potential
substance against V. harveyi activity and not toxic (LC50 was 4,295+463 |lg/ml). However its
antibacterial activity in a large scale has to be further investigated.

The previous studies reported the increased defense parameters in shrimp by various
extracts of seaweed. Chiu-Hsia Chiu group showed that the hot-water extract of seaweed G.
tenuistipitata could increase immune ability and resistance against V. alginolyticus infection in white
shrimp L. vannamei (Hou and Chen, 2005). The post-larvae shrimp P. monodon fed with the
secondary metabolites from a red marine seaweed Hypnea musciformis positively affected immune
factors and showed significantly higher survival rate when challenged with V. alginolyticus (Jos, et
al., 2008). P. monodon treated with the probiotic Bacillus subtilis BT23 inhibited the growth of V.
harveyi and reduced 90% in accumulated mortality (Vaseeharan and Ramasamy, 2003). The
present study also investigated the effects of G. fisheri ethanol extract on defense parameters in P.
monodon both cellular and humoral response. In view of cellular response, the results revealed that
the ethanol extract of G. fisheri increased the proliferation of all types of haemocytes. Two possible
hypotheses of the effects of the G. fisheri ethanol extract on haemocyte proliferation have been
proposed; 1) the ethanol extract stimulates haemocyte production in haematopoitic tissue (Van de
Braak, et al., 2002) or 2) the ethanol extract stimulates the migration of haemocytes from tissues

into haemolymph. Previous studied revealed that lipopolysaccharide (LPS)-treated shrimp showed
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a higher mitotic index in haemocytes than control suggesting LPS can stimulate the proliferation of
haemocyte cells (Van de Braak, et al., 2002). In this study, the ethanol extract might contain
metabolites or compounds that can induce haemocyte proliferation in haematopoitic tissue and
then haemocyte migrate to haemolymph. The decline in total number of haemocyte at day 14 after
the ethanol extract injection might be due to the down regulation of haemocyte proliferation tissue
by the low level of the ethanol extract. For the second hypothesis, the ethanol extract may contain
metabolites that can attract haemocyte from tissues to haemolymph.

In shrimp, there are three types of haemocyte: hyaline, semi-granular and granular cells.
The hyaline cell lacks large granule, readily attaches to surface and is involved in phagocytosis.
The semi-granular and granular cells contain small and large granules, respectively, which are
promptly discharged when the cell is exposed to pathogen. Semi-granular cell is active in
encapsulation, while the granular cell contains components of the prophenoloxidase (proPO)
system, an enzyme cascade responsible for melanin synthesis which is believed to aid in host
defense (Soderhall, 1997). The results of DHC showed ethanol extract increased the number of
semi granular cell and the number of cells sustained until the end of experiment whereas the
number of granular cell showed no increase after day 7. The results suggested the different
mechanisms of stimulation were employed for proliferation of the two cell types of haemocytes.

Phenoloxidase activity plays an important role in the host defense cascade that produces
melanin formation (Soderhall and Cerenius, 1998). PO activity in P. monodon can be stimulated
both in vitro and in vivo (Cammarata and Parrinello, 2009). It has been reported that the proPO

system primarily exists in granular and semi granular haemocyte (Johansson and Soderhall, 1989,

24



Okumura, 2007). The present study showed increased levels of PO activity correlated with the
increased number of granular and semi granular cells in shrimp injected with the ethanol extract of
G. fisheri suggesting that the ethanol extract increased the number of granular and semi granular
cells resulted in the increased PO activity. It might be possible that the ethanol extract increased
the humoral immune response of shrimp.

It has been shown that pathogens induce reactive oxygen species (ROS) or oxidative
stress which cause damage to cells and enhances mortality in infected shrimp. The parameters
usually used to determine host response to ROS include respiratory burst and SOD activity.
Respiratory burst represents superoxide radicals produced after process of ROS production during
phagocytosis (Rosen, et al., 1995). Superoxide dismutase activity indicates the enzyme showed an
ability to convert the harmful superoxide free radicals to become non-harmful substances oxygen
(O,) or water (H,O,). High level of superoxide anion and SOD activity indicated the high response
of cells to eliminate the harmful ROS. The present study demonstrated the increased levels of
both respiratory burst and SOD activity after shrimp received the ethanol extract. The results
suggested that ethanol extract might stimulate host cells to rapidly eliminate the V. harveyi induced
ROS production. Cheng et al (2004) also reported seaweed increased both phenoloxidase activity
and respiratory burst in H. diversicolor supertexta. Administrations of hot-water extract of G.
amansii, by immersion, injection and dietary uptakes improved the defense ability of white shrimp
L. vannamei by increasing THC, PO activity, respiratory burst, and resistance against V.

alginolyticus (Fu, et al., 2007).
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In this study, the active metabolites of ethanol extract of G. fisheri that play roles in

prevention shrimp mortality against V. harveyi and increase defense parameters have not been

analyzed. It has demonstrated that 93% of 938 compounds of red seaweed solvent extracts were

halogenated compounds (McClintock and Baker, 2001). Volatile halogen compound found in the

red seaweed Asparagopsis taxiformis mainly composed of bromine and iodine-containing haloforms

(Burreson, et al., 1976). Various volatile components extracts of Jania rubens showed antimicrobial

activity against both Gram-positive and Gram-negative bacteria and Candida albicans (Karabay-

Yavasoglu, et al., 2007). Red seaweed Laurencia chondrioides have antibacterial activity against

fish and human pathogenic bacteria and contained halogenated secondary metabolites. The

chemical structures comprised sesquiterpenes, diterpenes, triterpenes, C15 acetogenins, and etc

(Bansemir, et al., 2004). For Gracilaria spp, there were a few reports showed the antibacterial

activity as well as the active metabolites particularly in shrimp. There are evidences showing that

red seaweed Delisea pulchra effectively avoids a broad spectrum of bacterial infections and the

promising molecules are known as furanones. It is suggested that furanones bind readily to the

specific protein on bacterial receptor sites that receive the bacterial signaling molecules (N-acyl

homoserine lactone) which normally induce surface colonization. This method of blocking bacterial

communication effectively prevents bacteria from forming groups and becoming virulent

(Maximilien, et al., 1998).

The overall results of this study suggested that ethanol extract of G. fisheri has an ability to

block V. harveyi infection and could increase defense response especially humoral response in

shrimp P. monodon. The active metabolites and mode of protection have to be clarified further.
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2.  nIENA&1T Sulfated Galactans 91n&1%318 (Chattopadhyay et al., 2007)

TNHIEWIBURINLAUAINN 260 g &NARIL  benzene Uz acetone TuAauss 20 59139
(@uaauiliiunsinia idﬂi’@]qﬁﬁ%aaﬂmﬂmmaamwﬁmwwmd) 1810389 Soxhlet apparatus U&7
wnluvinlwuks @asie3as Rotary evaporator q@ﬁ’ﬂm:"L@Tmﬁvl,ajﬁﬁﬁ'%a’émﬂaumﬁaa (Depigmented
algae powder, DAP) 13zanmh 164 g (31 6) 1w DAP M 10 g azanslutiinaw 500 mi U5y pH
6.5 éi”'aﬁvlfj”ﬁaqmﬁgﬁ 35-40 °C 1w 4 Talus wdndusiady 500 ml il iumissiinnusa
14,000 x g tHuiaa1 30 wif lUnsasdiunszaisnsas garhoazuansu Aiwihlauazdndidu
aznaw sauidusila ﬁ’]vLﬂLL“ﬁ"?qum%Qﬁ -20°C Thadwieanurhliazans sswuimwendiud
\wiw (WE1SGF) uaz a&’mﬁvl,mﬂu’?uaaﬂmr]ﬁ'u (WETNGF) (31 6) saufitluaznautih adusin
800 ml USu pH 6.5 éigaﬁ"lfj”ﬁaqmﬁgﬁ 35-40°C 1w 4 alus nswluiundsafienuiss
14,000xg 30 w# udrilunsesdrenszanmnses wunswiiiuaznaunazsinle aanantu i
inla "Lﬂl,l,“]j'ﬁqmﬂgﬁ -10°C ufAn ﬁnaaﬂmﬁﬂﬁa:mmﬂﬁmuﬁLflu’g”u (WE2SGF) uazdudilyl
\uwiu (WE2NGF) sauaznaniinsasldluassf 2 lddusin 750 mi iy autoclaved ﬁqm%gﬁ 121
°C amuen 1.1 kglem® Wwnan 2.5 Falus aniwihliwndsefiennuida 14,000 x g 30 Wl
inlunsesusnginfiazanstin (Au) uazdiuaznaniliazansin (INS) anniunliasata nonue
anaznaulagmi@a Isopropyl alcohol 133103 4 wassnsanaadsi wazth lihwwissfinuiso
8,000 x g 15 wf nsmfidwihiisllfusuiduaznenluliuksdoedas vacuum azldus

2Y8IFNIANA TIRNTANATWI 92 |6 sulfated galactans NNENAINBHUUIS (Mazumder et al., 2002)
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Powdered
alga

l Bequential exiraction with benzene and acetone in Soxhlet apparatus

DAP

Extraction with water (S00 mi), 4 hre, 35 to 40 °C, pH 6.5
Addition of 500 mi hot water
Centrifugation (14,000 g, 30 min) and

=
Freezing
-

L J
Residus

Water (BOD mL), 4h, 40 °C, pH ~6.5
Cantrifugation followed by filration

4
Residue

Water (750 mL), 121°C, 1.1 kg/ om®, 2.5 hrs
Centrifugation followed by fiftration

Water (750 mL), 121°C, 1.1 kg/ em®, 2.5 hrs
Centrifugation followed by filration

Water (750 mL), 121°C, 1.1 kg/ em®, 2.6 hes
Centrifugation followed by filtration

S—E

A 4
Insoluble residus
(INS)

sue {]y'umaumsaﬁ'@miﬁﬂuﬁu (WE1SGF ez WE2SGF) vLajLﬂu'i:u (WE1NGF uaz WE2NGF) 819
fazmmirdugars (Aut, Au2 uaz Au3) uazansitliazmein (INS); WEINGF (water extraction 1
non - gelling fraction), WE2NGF (water extraction 2 non - gelling fraction), WE1SGF (water
extraction 1 soft - gelling fraction), WE2SGF (water extraction 2 soft - gelling fraction), Au

(autoclaved), and INS (insoluble residue)
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nadoUAMANTAN19ENA sulfated galactans NEMIBHAWI IWMIAWTaUUATISBIS DY

IL&9 (V. harveyi)

Wansana sulfated galactans NEMTIBHIWIFIRALTWIL (WETSGF uaz WE2SGF) 813
"LaJ'Lﬂu"g”u (WEINGF uaz WE2NGF) §198naa281 autoclaved &awilazanaiin (Au) Nnesay

AmuauinsdwsaunafiiioSaduss (V. harveyi ) luawdsaise
NAFAUNIITABLIBBUUANISEISDIWE (V. harveyi )

nszaenssanaaduwinausmaduiigudnas 6 mm vnmsouanidorwiion
(autoclaved) NtwINIzANENIEINIR MRS T anuefiGuEasuas (V. harvey) LASHNI
0MIETIUIRENEa MHA agar (MHA 10.5 g , %innaw 500 ml, ASW 15 g, Agar 7.5 g) 1luau
IR H B aUUATISEIS0URS (V. harveyi ) NEWAEAEITANA sulfated galactans 97N
RONTIUNUWIIEIUGAN § ﬁam‘mﬁ'@d’mﬁlﬂufu (WE,SGF &z WE,SGF) mivl,ajl,ﬂufu (WE,NGF
ez WE,NGF) asuunizamnsasionas lasddsunas 25 lalesdas Adanududuvessnsana
LANGNINK fa 50, 150, 300 waz 600 lulATgABNITZANBNTBINNAN RUARIIANAAMNLTNTUATI 98
UnTEaEnIasasnisanuddn  Tagnaluanuwassdedenulunisansana LRENFUAILAY
(Cont.) REARAIVNAZALVBIANTANA AD WINAH (3U 1) uasdingualuauuIn (positive control) fa
%o Norfloxacin (Norf.) 10 lulasgdanszanunsadisnas afmﬁ?uﬁ’mmﬁymL%a"l,ﬂﬂuﬁaqmmgﬁ
30°C \fluna 24 dalus eliiBeuvefisuiyidula Weasy 24 Tlushwdsadasanun
Faunausiimieng nszansniasananiingly ﬁﬁﬁé’ﬂwmziaLLa@aﬁau%Lamﬁ?uﬁmsﬂ'ugamil,a‘%zg
Yoaldauuafit3s (zone of inhibition) TuAnduFurNgutna19389u31Imh zone of inhibition lasd

wiudumm Nan1INa8adlaana e’y NMIVINIINAaaITT 3 A9

NARILURIAMNTNIBVBIATANA sulfated galactans INEUTIIRAB N%dNGA (Minimal
Inhibitory Concentration, MIC) figansngugsnisesatdulnuasdaunuaiiisazauss (V.

harveyi)

ReaBauUafidoEasuss (V. harveyi) 100 lulasg (Lennette et al., 1985) 1 MHA medium
USnme 1 ml fifianIana sulfated galactans SNERIILNNWIIEINGN ﬁamuﬁlﬂuﬁ:u (WE,SGF
uaz WE,SGF) a3 liiduju (WENGF uaz WE,NGF)7innauidatu 50, 150, 300 waz600 lulasgsia
misanaaaNaaad mnfuﬁﬂﬂﬁuﬁaﬁmmﬁ 30°C UudhusnTns 250 sausdawd (wae 24

731809 1ANIQANAULEY (OD) i 600 TR Lﬁagé'mﬂﬂ’mauimaaLLuﬂﬁL‘%aSaaLLaa PR

29



(2

= P @ Py ] A oA =y Aa A
ﬂ’]?ﬂ(ﬂaadl:l]iﬂl]L‘Y]U']Jﬂl]ma‘ﬂvl@]?ﬂ']ﬂ ﬂaqwﬂjl”’!l] fa ﬂqwqﬂLaﬂdL%aLLUﬂ‘ﬂLiULiadLLﬁﬂ (V harveyl) 1%
MHA medium

nadgaumMsawnIsiata 3aaMAIN9217 (WSSV) Tuls (Ressanadnnaiaitans)

[ °

AINAEITUIA 20-25 g S1WIH 50 A7 %amﬂ%h%uLﬁmr'jd%'mi'mzl,%omﬁ haasalude

9 9
a =3

2U10 80 AT ANULAN 10 ppt. I@a@mlﬁﬁoﬂ%’mmwL*flunm 3 Sunanisuriimmasss EIRLE
saniilu 5 ngu ngwaz 50 M A 1) ﬂﬁjumuquﬁﬁ@ﬁw PBS, 2) ﬂ@;wﬁﬁ@miaﬁ'@ WE1NGF @114
Wutw 10 Mg/ g BW, 3) ﬂéjuﬁﬁ@msaﬁ'ﬂ WE1TNGF L uew 100 g/ g BW 4) mjuﬁﬁ@miaﬁ@
WE2NGF anuidiadiu 10 dg/ g BW ua 5) na;&lﬁﬁ@ms WE2NGF anuidiudiu 100 g/ g BW 4@
sssnahAinduiterasUdasht 2 luSunes 100 lulasaasdasa Tasdaasana 2 assde Judl 1
wasIufi 3 2a9mMINARas Lﬁﬂaﬁa@iavlﬂﬁﬂ 3 5% S98aitalass WSSV Usunashdada 100 ul dasn

ﬁ'uﬁﬂé'mwmsmwadrjmé'omnﬁm%avb%'a WSSV NN
, Lo
N13LA384 Artemia 7 enriched 728 sulfated galactans tiva 2 wa11131)9

1889 Artemia Szpzanduis ludninasniianudutuuasansana (WE,NGF) 100 wag 200

Mo/mi iwinan 6 Talus mnuwihanlfidusmnsvasdilummensasdaly

[y a & Y [ ° Yy a oA
‘Ylﬂﬁﬂ'i_lﬂ"li@]"l%ﬂ']‘i@lﬂl?lfavl'l‘iﬁ@l'lll;ﬂ\‘]ﬂ')\'i?ln') (WSSV) 1%?]\‘] Qa']ﬂ'] T@I ﬂshﬂf!\‘]ﬂ% Artemia n

1#5u sulfated galactans

v ° o g ea o . v & v o =g
flx‘iflﬂ’]@ﬂ‘ll%’\@] 5-10 g 9wIW 250 a1 ’ﬂ?ﬂﬂ%ﬂ’)ﬁ]EILL@&W@N%’W&’]EJW%‘EQG (FINN.) BINILRL

'
a o

lutiafiuud anuLAn 18 ppt. I@ﬂLgﬂaiﬁﬁoﬂ%‘uanﬁwLflunm 7 TwnanzuinmImesas i
saniili 5 ngu nguaz 50 67 A 1) nguAILANUNG 2) ﬂﬁjumuquﬁvlﬁ%'m%a"b%'a WSSV 3) nau
muquﬁlﬁﬁu Artemia Un@ 4) mjumﬁﬁu Artemia #le5usnIana WENGF anududu 100
Mg/ml 5) ﬂ@;uﬁlﬁﬁu Artemia #ile3usnIania WENGF anauidusu 200 Mg/ml muqmzumfﬂ?m
wazmslifamnsdunan 7 4 nntusedadaliis WSSV 15unas 100 ul dasa tuiindasms
mwmaarjwé'dmnﬁ@l,%a"h%'a WSSV nniw tuaan 10 LLa:LﬁmTaamarjaﬁ Fufi 0, 2, 5 uas
10 wasndagelhiadIuasn19an ek MInTIataszey immune parameters 199 wazUSuNDe

MRV T
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¥

NSANBINAVDIANTHNA sulfated galactans @ianﬁq&m%‘l%i\‘l Taa@n®¥191n Immune

u

parameter A9 |
A72970MILUAs U8R immune parameters 6196 LT

1. efisenfuassandias (phenoloxidase activity) Liasa1n WuaaaanFiasduianlain
A v o Lo v A = 3 v A A
Weadasiuna innaflosriuauiasvaars lasAnanaandiagasrinninnilaou

A & a v 2 A a i = A A
ssdsznavAueaiduniulun  uddaufanszuin  m3lndweslaorwduwuafin o
nIzIunIaInaalinIaiemInguginnaiyreiunidningnnuld
o & & . . 2 = [ a A

2. dafn guulateanled uaulaaan (superoxide anions) Tailumvinsnsauyndazd
=y l§' U
iaduluds

Phenoloxidase LLaZ Superoxide anions activity

LAUAIBLELTALREE enanen 81 0, 2, 5 WAz 10 TWAAILALT TFAILAININTNT 1IN0

#NN137@A1 phenoloxidase WAz superoxide anions activities
Ussala3alunenandn (viral load in shrimp)

SR IRLHAMVSLYLE A1 0, 2, 5 uaz 10 3u waslidelhsaduasn19711 unana DNA
1w tiNenasaumUSunas DNA virus ludenaré lasld primer Smnzda VP28 gene vashiadiuas
A29217 wastiumaiinnanallsdu lagrmUSunansuaadaanuad VP28 protein §183% Western
blotting analysis laglt anti-vP28 antibody

a 6
mMsAnslaseasan19Ladiltas1zivas Sulfated galactans

1}N&17&NA Sulfated galactans NNERINLNNWS Gracilaria fisheri lagATnslviududiana
\NauunaIania sulfated galactans w49 laud saunliazasluiniafiduin (WE1SGF uaz
WE2SGF) dufiazaslaluimialaiduiu (WEINGF uaz WE2NGF) uazgavinuanadie

autoclave (121°C) (Au.) #13tazimlaseainamaail Ae
1 13y Sulfaion

MImUINNow Sulfate #2837 turbidimetrical barium chloride (BaCl,) (Craigie et al., 1984)
§138N@ 20 mg #1911 hydrolysis # 100°C 1 2 N HCI (0.5 ml) W JHLI812 h LAINAFDLR
sulfated contents lagnay 2 ml vaggNIERAN hydrolyzed W83 NU18 ml aIH1 Milli Q ez 2 ml Va3

HCI (0.5 N) 31n1uL@N 1 ml WaIBaCl,-gelatin reagent waﬂﬁnﬁﬁuﬁdﬁa"ﬁqmﬁgﬁﬁad W1t 30
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Rty LLS'T’M']M’S’@mmi@@ﬂﬁuumﬁ 550 nm. wvlasiouwauad Sulfated 1US8ULALUNY Standard Aa
K,SO,

2 13wt Total carbohydrate

mMIwUTantw Total carbohydrate @283% phenol-sulfuric acid lagld galactose 1T standard
(Dubois et al., 1956) ¥MSNENRITENA 1 ml, 5% phenol 4t 1 ml wae sulfuric acid 5 mi ILdNAK
a3n1a13 10 Wil Namngiiies 3nuwinluaslu ice bathgnnil 15-20 °C wiw 15 Wil Jadns

g}@ﬂﬁmaaﬁ 490 nm.
3. FT-IR spectroscopy

2% Fourier-transform (FT-IR) spectra Lﬂuﬂ”ﬁﬂﬂ‘miﬂLL?LISIJﬂ’mmuﬂm ﬂvm Sulfated lua1s
&N@ I@ﬂuﬂa’]saﬂ@uwwauﬂu KBr Lmevl,aJmuLmaa Nicolet Impact 410 FT-IR spectrometer "n
ﬂauatyrgﬁm4004,000 cm’

4, 13CNMR 183} 1H NMR spectroscopy

\Ju3Fn19%1 Carbon waz Hydrogen atom luansana lasiiiansana(40 mg) azanslu D,O
LLa:N’mLﬂ%’a\‘l nuclear magnetic resonance (NMR) spectra (Bruker AVANCE500 NMR

A 1 o o o { =
spectrometer) 1 80 °C. H chemical shifts RUAUTAY internal deuterium G914 standard 289 NMR
5. mﬁmffﬂimaqa (Molecular weight) Va4&1T&NA

10% polyacrylamide gel : 14 10 lulasg 2a3an3ana WEINGF waz WE2NGF 3Mnan%3ne
HuwanimMlienedlasusniminlaanali 10% polyacrylamides gel lawld buffer fia 0.02M
sodium barbital pH 8.6, 100 1aad tHwas 1 F2lug 3ntudandud 0.1% toluidine blue fiazansln

1% acetic acid 15 W17 WAZRI9A28 1% acetic acid 1 T 14

0.5% agarose gel : 14 30 lulasg va9anT@na WEINGF uaz WE2NGF n&WT8HaIUI
mﬁﬁmﬁme:vﬂ@Ume{mﬁfﬂ‘[maqah 0.5% agarose gel lu 0.05M 1,3-diaminopropane
acetate buffer pH 9.0, 110 laad 1Juaen 4 Talus fixed gel @28 0.1% N-acetyl-N,N,N-
trymethylammonium bromide solution 12 fﬂim mnﬁ?uﬁawﬁmﬁ 0.1% toluidine blue ﬁa:mﬂu
acetic acid:ethanol:water 148@31&% 0.1 : 5 : 5 Huinan 15-20 wfl Laza19628 1% acetic acid 1

239
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ansiiwinluianazedanIana sulfated galactans lasdl standard marker (4 high
molecular dextran sulfate sodium salt 310 Leuconostoc ssp. (500 LLaz100 kDa), chondroitin 6-
sulfate sodium salt 93710 shark cartilage (60 kDa) i8¢ low molecular dextran sulfate sodium salt 310

Leuconostoc ssp. (8 kDa).
nadauAmENTAN1IIUITWIN WENGF nula3aadiuasniezn (WSsV)

?mmqmauﬁ'&mﬁmwdwmiaﬁ'@muﬁh}L‘flm:u (WE,NGF) nu'l3s #2835 solid-phase
virus-binding assay lagindauasananinnududs 0-100 lulasgaomiluansazans PBS uwiivas
NWBLITATVING 96 waul ﬂuﬁqmwgﬁ 28 0 C Iwam1 1 F2lwa blocked ¢y 2% BSA lu PBS
s 1 $alus §9sandas PBS 3 a3 uildhiadanasarsamiienududu 1:1,000 vuiu
DA 2 %Laimﬁaqmﬂgﬁ 28° ¢ @miamsduvasssananuiTs 1asdT immunohistochemistry
lavlfuaudived da envelope protein 28 (VP-28) 184 M3aaauadn92n 0l wauduadiusn was
Loufvaddifigasdinasndis HRP  asratanauinlasldmynsdn 3,3-diaminobenzidine (DAB)
ﬁﬂﬂi’@mmsg@nﬁmmaﬁmmﬁ 492  nm uaﬂmﬂftﬁw@aauqmauﬁamﬁwaomsaﬁ'@
(WE,NGF) 7 de-sulfation fu' 12558

ﬂ’ﬁﬁﬁ'@%yjsﬁ'aw\l@] (desulfation) VaIaNIRNAYINGI87D solvolytic desulfation Laz dextran-
SGs mixed 3% Solvolytic desulfation #1 2.5 mguasa3ana WEINGF uaz WE2NGF azanelu
§AEINITWINS Me2SO: MeOH: pyrine (890:100:10 viv) 1 ml Unfigswg® 100° C 4 #lug
wasnnUsasliiiuas thanserade dialyzed dasihfan 1 1alug wazsinawdunadhudn an

wﬁmﬁumwﬁwﬁﬁﬁwﬂ%mﬂmLLé’aﬁa D-WE1NGF was D-WE2NGF

3% Dextran-mixed lagtin 2.5 mguadgN5&na WETNGF Lz WE2NGF Wauiy 1.25 mguad
dextran luinau 1 ml tafigangdl 100° ¢ 1 Tlug lay dextran 923UALWY sulfate VoIANT

ganpazlel Dextran-WETNGF uaz Dextran-WE2NGF iialfluniinaaassiald
NAFAUAIWNITAALT D IITHAILAIAIVII (WSSV) 29 WE2NGF‘lmm&ﬁﬁmﬁamﬁ’aqmﬁﬂ

& & & A 9 o 6 & 1 & & \

Wosgaaliaifeatinaidl (3x10° iaddenaw) IWWABUTARIIA 6 Ay lapudl
saniili 4 ngw Aia 1) nduAILANUNG (normal control), 2) ﬂ&éwﬁvlﬁ%'uvla%'aé‘ul,mmwn (positive
control), 3) n§uflaTuaIana WENGF anududu 100 Hg/ml, 4) ngufildSumsana WE,NGF
anadntu 100 Pg/mi AuhIsduasnisnnn dunamngd 28° ¢ llum 2 Tilus ieasy
o o v k% dl s dl 1 a 6 Cll dq’ dq’ e
Muuarinmsanedis PBS et liiaf lhiimzfamasean, wWisuawnsiieade Las§nans

d' 6 & =} 2 o I %
LﬂawuﬂawadLsﬁaaL;J@Laaﬂqdqmmmunm 3%
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NAFIUAIWNIIAALT D [ITHAIUAIA9TI (WSSV) Bas WE2NGF a2835 immunofluorescent
(FITC)

Lgﬂdlﬁﬁaﬁﬁmﬁa@lfi\‘lqaﬁﬁﬁ (3x10° \TARANAN) Tuan WAL TAsUUA 6 wawn lauys
sanilu 5 ngu Aa 1) nguAILANUAG (normal control), 2) mjwﬁ"lﬁ%’u"h%’aé’mmmwn (positive
control), 3) mjuﬁvl,ﬁ%'umiaﬁ'@d'suﬁvlmﬂuiu (WE,NGF) aaitut 100 [g/ml, 4) ﬂajuﬁvlﬁ%'umi
aﬁ'@muﬁvl,mﬂufu (WE;NGF) anuidudu 100 Mg/ml Aulh3aauaiaa uas 5) mjuﬁvl,ﬁ%'umi
aﬁ@muﬁ"l&ilﬂufu (WE,NGF) anuidadu 100 Mg/ml nuliaaauaaiean ﬂwﬁqmwﬂﬁ 28° C
uaan 2 $2lus aasumunuarinmsisdas PBS atarhisiliime@aimasaan anniin fixed
\TRReE 3.5% paraformaldehyde 15-20 4191, blocked @38 0.1% normal goat serum (NGS) lu
PBS 1fluaan 1 Talus a1veandas PBS 3 a3s uidldhiaduesarsunfiaudutu 1:1,000 vy
vHJuan 2 %L’J*[mﬁqnmgﬁ 28° C amviamiivrasrnsananu 3w laglduaudvad da envelope
protein 28 (VP-28) va¢lsadauasarsuniu uondvefuin uszuandivaddafizasde goat anti-
rabbit Gaaa1NG28 fluorescein isothiocyanate (FITC) waI Nt finle I RUILTasAIY 4, 6
Diamidino- 2-phenylindole (DAPI) solution 1flutaan 15 w1t lufifia §19eas PBS danamsaad

FITC malénaas fluorescent microscope

[~ a
@nw protein-protein interactions 223 WE,NGF, WSSV uazizaatiaiianns a2a33 Far

Western analysis

‘LI’IVL’J%‘ET@"JLL@G@]’JW’YJU%E‘(V}%; ILAZ hemocyte membrane protein hanuenldsfudls 12.5%
SDS-PAGE aﬁﬂfuﬁﬁﬂiﬂiauaalu nitrocellulose membrane LL&% blocked membrane @38 10% skim
milk 1w PBS 1fluaan 2 521a9 19 membrane @28 PBS w§atuiiu WENGF(60 ug/ml) ‘ﬁqm%gﬁ 4
°C  Thufiu %899INa19 membrane ¢ PBS  udludlsuandved LM5 dduuauived da
(1->4)-B-D-galactan waudvefusn uiia 2 Talas wszueudvefdafizesdia goat anti-rabbit &ia
281n928 HRP 1Jutaan 1 “ﬁbﬂm ﬁ]’mﬁ?um’sﬁﬁ'@ immunoreactive bands @28 ECL detection kits
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NAN15398

=3 [V 1 & & a Aa
§]°f|ﬁ‘lla\‘ia']sﬂﬂ@ﬁ)'lﬂa'l“s'lﬂﬂ&l%'l\‘]‘l%ﬂ']iﬂﬂﬂﬂﬂqilﬁlsﬂélmﬂtﬁwaﬂllﬂﬂﬁlgﬂl%aﬂLlﬁ\‘] (V.

k- ¥
harveyi) Twanwiasaa

HAIINNINAROLAMINLARIANA  sulfated  galactans NI NUWIIIUNNTAWLTD

AAa A . g & ' [ '
WUATISHISaILES (V. harveyi ) Taiua1maiReaiia WUINaIane sulfated galactans aMNaN#sNe
NUWI WE2NGF uay WE2SGF #Hamsawauuafisasadusd zone of inhibitiondnnnin
v 1 { v v L= { ‘g/
WE1SGF uaz WEINGF lagy WE2NGF l#ua@nin WE2SGF Lm:‘ﬁmwmemaamim@ﬁgwu

o @ & A A v v o Ao ' P
%zlﬂwﬂluﬂqiﬂhlumjauﬂﬂﬂL‘Jﬂlia\‘]LLade@@ﬂ'JﬂlﬂqqllLTNT%V]@"ITVJW (31] 7) LR 13NN 2

Strain 1114

31 7. 9 mA BB auuafiiSaiSoous ( V. harveyi ) @1aWs 1114 ﬁ'umsaﬁ'ﬂﬁﬁ;lué’u (WE,SGF
uwaz WE,SGF) uazlaiilu)n (WE ,NGF uaz WE,NGF ) AANNTNTUA 9 (50 pg, 150 pg, 300
Mg, 600 ug) A : WEINGF, B: WE1SGF, C: WE2NGF wag D: WE2SGF
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wuafiSuI3asuas ( V. harveyi) a1aWua 1114

Group U‘%L’Jmﬁlf}ﬂ’ligu5\‘1ﬂ’]§'L’i]%t].lu°lla\‘]LL1_lﬂﬁL%El (zone of inhibition,mm)
ANMULTUTBVDIRIIENG (ug/dish)

Extracts control 50 150 300 600
WENGF - - 10¢1 1412 16.67+£3.05
WE,SGF - - - 11.5+0.71 16.67+£3.05
WE,NGF - 13.33£2.88 16.67+4.16 19.6745.13 22.67+4.93
WE,SGF - - 12 15 18.33£3.78
Norfloxacin 13+1.41

1319 2 uaaIuSMNdanuaRisSasuss (V. harveyi) hignansasandulala (zone of

1 [~
inhibition) #ib8Lilsmm

P o o k4 A @ o o &

1189970 ®I’NAGR8IN autoclaved (Au;, Au, WaT Aus) HaanaznauuatNALNaTaBIN
lisnannfazazanoi ldauugaluszilionsaasnszaisniasianay iiswnsafivznszasda luana
Az EnTadld 39llavinmIeasaussanaluaiuiea 39 lUNNANNIITNARAURITENAGANITANLTD

LUANITUITAILRINURIIINANINGD

AN NTWVIEITANA sulfated galactans ﬁﬁaﬂﬁqm (Minimal Inhibitory Concentration,

MIC) Nsansagugsnistesadulauasuuaiit3aSasuss (V. harveyi)

WEI8Na sulfate galactans AMNEININUNUW muﬁvlmi’luﬁ:u WE1NGF, WE2NGF L&z
muﬁl,ﬂm:u WE1SGF, WE2SGF %@ﬁm%{{l’u&mnﬁ@Lauimaumﬂﬁﬁﬂﬁaoum (V. harveyi) 1n
MWABITDNNTIININARBIRER MIC HAMINARBINLIN Anududuvasansana WEINGF uas
WE1SGF {@131nni1 600 Mg /ml &2uanalduduaadansana WE2NGF waz WE2SGF dentyinny
400 Uay 230 MUg /ml anus1au denesaulasld V. harveyi fuWUT 1114 (31U 8-13) uazwudn

sanmatsaLiulavasuuafiBaizauss Jaannmimsasyidvlaaass
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16 16
14 M ] 14 T
12 — 12 —
10 4 @50 ug 10 | @50 ug
8 m 150 ug 8 m150 ug
0300 ug N 0300 ug
61 o600 ug|[ | © — ] 0600 ug
4 — 4 — -
24 2 — -
0 ‘ ‘ ‘ 0 ‘ ‘ ‘
cont.  WEINGF WE1SGF WE2NGF WE2SGF cont.  WEINGF WE1SGF WE2NGF WE2SGF

14 -

12 —

10 — —l ] @50 ug

. 150 ug
0300 ug

6 ] 0600 ug

4 |

2 |

0 ‘

cont. WEINGF WE1SGF WE2NGF  WE2SGF

31 8. nMIganawuasfi OD 600 wilwiuas Fersuanfenisigvasuuaiise Waldasana

NFEMLHNWIWAANDTNTRA 9 TuzasuuafiSaisasusas (V. harvey i) 81aWns 1114

MIC strain 1114
16
14 = : * *
12 1 X /J\‘\ —e— cont.
o 10 x\‘\ —=— WEINGF
S g - WE1SGF
o §- WE2NGF
47 —— WE2SGF
2
; Ny
50 ug 150 ug 300 ug 600 ug
conc.

s 9. mIC a8 VBIRNIIENG sulfate galactans NNFIRITLNUU
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0OD600

WE1INFG

—

\I\

—e—cont.
—=— WE1INGF

50ug 150 ug 300 ug 600 ug

conc.

0OD600

WE1SGF

—e—cont.
—s— WE1SGF

-\-\'\1-

50ug 150 ug 300 ug 600 ug

conc.

0OD600

WE2NFG

=~

=

e

—e—cont.
—s— WE2NGF

A\ 4

50ug 150 ug 300 ug 600 ug

conc.
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31 10. mwLﬁuﬁuﬁﬁaﬂﬁqmaammﬁ'@ WE1NGF
AsuTngUEILUaNTeld 50% tWaSuuisuny

NYNAILAN => ¥1NNT1 600 Ug

A

31 11. mmLﬁwﬁuﬁﬁamqmmmsaﬁ@ WE1SGF

AsuTngugInuaiTeld 50% twaSuuisuny

NYNAILAN => W1NNT1 600 HUg

31 12. enudnduniasngavesanIana WE2NGF
AzNIagusInuaiSyle 50% WallSouisuny

NYNAILAN => ~400 Ug



WE2SGF

31 13. anududunosngavesmsana WE2SGF

q

conc.

50ug 150 ug 300 ug 600 ug

141 +——+—+o— AxNIRsUEILUANGSY e 50% WallSuuiauny
12 1
N nENAILAN => ~230 |Ug
8 8 —e—cont. 1 q
[a]
8 & —= WE2SGF
4
2 N
0 T T

nsawmsingialiadiuasndezna (Wssv) lunsnaian

ﬁnﬂmimaaaLﬁaaﬁuwuiwr‘j&mﬁuﬁvlajﬁ@mmﬁ'@ BRINAALTD WSSV Ansaneatng

AT IATUTaRe oy 100 % lwiun 2 nasldiuge sudindamiana WEINGF, WE2NGF

fanaudutu 10 uaz 100 P/ ¢ BW Snatisdaaigmiagseavasts Waifisununguaiugy lag

anudniuniginitazlindwaenfniy uaz WE2NGF fianadudu 100 Pg/ ¢ BW Anatiolia

915MT0L78AVBINI UAZMIEUITAANTT WETINGF (31 14)

120 ~

100

80

60

% survival

40

=fl—Normal cont.
== Positive cont.
= WELNGF(10 pig)
== WEINGF(100 pg)
—o—WE2NGF(10 pg)
WE2NGF(100 pg)

Day post-injection

31 14. Li.laﬁ%uﬁmssamadrjwé’amﬂﬁ@L%a"lfs%'aé]"mmmwn (WSSV) ‘Lumjwaafj‘”aﬁﬁ@ms

8N@ galactans sulfate IINEHINY NAMULTNTH 10 PUg/ g BW Uaz 100 Mg/ g BW
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a

nsawmsinialiiadiunsndezna (Wssv) lunsnaianiiin Artemia 1la5u sulfated

galactans

nmsnasasiowrinit msdamsana sulfated galactans l3&1 WE2NGF l#ka@nin
WE1INGF s3ttunsnanositasldansana WE2NGF 15 Artemia aafiu WE2NGF uiaih Artemia'lyl
\Hua s waanlirafiu Artemia 7 T S9aate sy Wssv s wumasannliga wssv
7-10 1% rjﬂumjuﬁﬁu Artemia 7113 ldssania S8a31MIAns 100 % B'nufjdﬁﬁu Artemia 711613
afa MnNTuTu 100 waz 200 g/ mi ﬁé'm']msia@maqﬁ:\amnnfi'mg;umuquﬁvlﬁ%'u Artemia 71
148 sulfated galactans laoiidnnyiaa 64 % uaz 78 % aWdaU (3U 15) INNHANTNARDIAE

WAL WE2NGF JHaT? m’Jaaﬁumsmwaaﬁamﬂmﬁm%ﬂﬁa WSSV le

120 -
a 100 1 = = =
E —a— cont -
£ 801 o o o cont.+
ﬁ J .
= 60 5 »” " vehicle
e —%— 100 ug
= 40 -
] —0— 200 ug
* 2[] -

u ] ] | ] | || [] ] ] ] o |
1 2 3 4 5 B 7 B 9 10 11
Da! Eost-lnfoetlon

51 15. EUmeLﬂai‘w‘f}uﬁmﬁa@maarj@qm@‘hmjmm6] NaINAALTE TRAILAIAIIII (WSSV)

cont.- : N§UTILNG, cont.+: nguradaLTa 3w (WSSV), vehicle : nduijsdaizalaTa (WSSV)ifin
Artemia 1n@, 100 Hg : nduis@aizalaTa (WSSV) Nifiu Artemiafifiusnsania WE2NGF anadudu

¥
A

100 ug/ml, 200 Mg : m\jur‘jﬁ@mavlfs%'a (WSSV) 7ifin Artemiafifinansana WE2NGF anuidudo

200 pg/ml
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NNSAN®I Immune parameters 1%idﬁ1ﬁ%uaﬂiaﬁﬂ sulfated galactans
Prophenoloxidase activity

MeuniaInMIlATsAn Artemia flaSuamIatia WE2NGF fianuidadu 100, 200 g/ ml
[uszaziaan 7 3% Wi 529w Prophenoloxidase activity R lsiafiai LﬁaLﬁwﬁ'ung;wﬁ”szvlﬁ
U WE2NGF LLazLﬁaﬁ@L%avl:s%'aéf'aLmedmﬂﬁﬁaLLﬁ'JﬁwmiLﬁuLﬁa@rj\ammaamzﬁu
Prophenoloxidase activity WUINNNNENN1INAKSY 32@U Prophenoloxidase activity 8089 waagndbs
ﬁmuﬁj&ﬁﬂﬁ%’ummﬁ'@ WE2NGF el duti 200 g/ ml £9a3iiein Prophenoloxidase activity ﬁgs
ﬂdﬁﬂﬁjuﬁvlajvlﬁ%'umi WE2NGF Lm:wmfﬂﬁs:ﬁumﬁwéuq@msmaad (31 16) muﬂﬁju%‘us] SR

28y Prophenoloxidase activity 3¢8a83013L381

Prophenoloxidase activity
Ocontrol

- 1.20E-05 - Epositive control
% 1.00E-05 - 0100 ug/ ml
o
o S00E-06 7 m200 ug/ ml
"‘E‘: 6.00E-06 -
£
£ 4.00E-06 -
=
c i
S 2.00E-06

0.00E+00 -

Day0 Day2 Day5 Day10

Day post-infection

31 16. nMWuaAIA1 Prophenoloxidase activity ludaiiaarinand lungunmmasas wasania
T8 158ALAIAI9V1I (WSSV). Control nawi9ln@, positive control: ﬂﬁjurjaam%a"b%'a (WSSV),

100 Mg/ ml : mjurj”aam%avb%'a (WSSV) 7l Artemia NAweNI®Na WE2NGF @nuLud% 100

2
Y Aa =)

ug/ml, 200 Mg/ mi: mjummma”b%fa (WSSV)N1it Artemia NNHEITENA WE2NGF @3l TNT% 200

q

pg/mi
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Superoxide anion activity

ﬂﬁj&lfj\ﬁmaaaﬁvlﬁ%’umsaﬁ@ WE2NGF lasnifiin Artemia Nannadiads 100, 200 U/ ml
& o ' ! . . L. oA v a X A A o A W ve
uszozinan 7 34 wudn @1 Superoxidase anion activity $uwa LiEuLANT mewﬂunqmvl.uvlmu
WE2NGF uazilladaita liiadmuasasrnilitausirimaiviteasnnias Superoxidase anion
activity wuiniiuw lkuanasdnias (31U 17)

Superoxide anion activity Bcontrol

B positive control
0.3 1 0100 pg/ ml

0.25 1 m 200 pg/ ml
0.2 ~
0.15 ~
0.1 A

OD unit/ml

0.05 -

Day0 Day2 Day5 Day10

Day post-infection

31 17. n91WL&AIA1 Superoxide anion activity luLﬁ@Lﬁa@r}aqm@hLL@ia:néjumimaaa WRINAA

e I TRAILAIAI9U1 (WSSV)

control: N§uILNG, positive control: nguisdaizaliTe (WSSV), 100 Mg/ mi : ngufsdaaliia

[
Y A )

(WSSV) 1fin Artemia Aifiuansaria WE2NGF amuidudu 100 pg/ ml, 200 Mg/ mi : nguisdnize

q

h$a (WSSV)7ifn Artemia fifuansana WE2NGF anadutu 200 pg/ml

Sa1mwlaSa

mnmsﬁﬂmﬂ%mmmnﬁm‘hmmaavl,'s%'aéhLmeamﬂumﬁaﬂf:]’dqm@‘iﬂmwiazmjumi
NANDI I@ﬂﬁwm‘s&juLﬁué’hasmrjfaqm@‘imé’dm‘sa@L%ﬂ%%’ﬁﬁmmmwwﬂu‘i’uﬁ 0, 2,5 uaz 10
lavld primer  d1mwizda VP28 pa9liiadinain9217 wuddSunmeshisluudaznguiaia
WANAII Immjuﬁiﬁ%’umsaﬁ'@ WE2NGF 9101137 Artemia fiaanaidudu 100, 200 g/ mi §
ﬂ%mmm‘nﬁm‘hmumaavlﬁaﬁaUﬂdﬁﬂg;wﬁvlaivlﬁumiaﬁ@ WE2NGF uazwuinluiuft 10 209ms

Aazatalunguildiuansana WE2NGF fnnnuidudu 100 uaz 200 P/ mi G1df3aaguaziiia
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nagaulSuImnTtANI BT TRNuRUSu s I Tatasuas L s a1 Ina T aNUUS I b TR 16 b1k

N&w 100 uaz 200 Pg/ mi (31 18)

MINAaIe83F Western blotting laeld wau@vadsa VP28 envelope protein Ua4d i Taan
1A99292717 Wud d3anae VP28 proteinluiviandivainguildiusyana WE2NGF anad Seliiua

ARBARINLNILE primer $umnzea VP28 DNA 2833w (31 19)

Day 0
Day 2
Day 5
Day 10

p-actin

Cont Cont+WSSV 100 200 Negative Positive

;a‘ll 19 Agarose gel electrophoeesis LRAINR PCR analysis ﬁl“i’f specific primer ¢ia VP28 i

wﬁan“ﬂaorjﬂmwia:miumimaamé’aa’m"l,@i”%'uL%a WSSV 0, 2, 5 haz 10 9%
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Day 0

Day 2
ay e oumd o>

Day 10

Cont Cont+WSSV 100 200

;51] 20 Western blotting analysis W&®J immunoreactive bands LR A2NLTNVDY immunoreactive
bands UMY anti-VP28 luivianvaifiluusdaznduniimasasnaannlaiuiza WSSV 0, 2, 5 uaz
10 %

Anlas9as19n19tAdiitAINivas Sulfated galactans

VYna3ana Sulfated galactans MMNEWINEHNW Gracilaria fisheri lag3snslainiueana
\augn&138na sulfated galactans §amen3 9 leun muﬁvlaja:mﬂlm{ﬂﬁaﬁﬂm:u (WE1SGF uag
WE2SGF) muﬁa:awvléjluﬁwﬁavlmﬂufu (WEINGF uaz WE2NGF) LLa:igu@auq@ﬁwaﬁ'@ﬁw
autoclave (Au.) nSaszinilassaiiomandl Tagdsmaniitiesesd wuinmssnagiuiazas'le
Twsiw3oluiduiu o WEINGF usz WE2NGF SUSunadaiauniign fo 10.94 + 0.34 wafidud
WA 12.65 + 0.39 LWasidud aus1au@1319 3) muﬂ%u']mﬁwmaa%ﬂumo 31.67-54.97 1asitud
LLa:ﬁﬂmm‘EmﬁfﬂImaqamaomiaﬁ'@ Sulfated galactans #2835 10% polyacrylamide gel lagifisuny
molecular standard marker @8 high moleculare weight dextran sulfate sodium salt from
Leuconostoc ssp. (100 kDa), chondroitin 6-sulfate sodium salt from shark cartilage (60 kDa) Laz
low molecular weight dextran sulfate sodium salt from Leuconostoc ssp. (8 kDa). WUIEIENG

WE1NGF w8y WE2NGF ﬁﬁﬁﬁﬁﬂIuLaqaﬂizuwm 100 kDa (31 20, 21)

LﬁaﬁﬂmsﬁﬂmgﬂLLuwaamsLmuﬁﬁam%mvxlmlumiaﬁ'@ sulfated galactans VaI&IRINY

WNUWI(Gracilaria fisheri) % lagld FT-IR spectroscopy LLa@ﬂﬁ'Lﬁuﬁdﬂmﬁ'ﬂHmwaa 3,6-anhydro-0l-
L -galactose (C-O vibration) 1u@uiiafl 930 cm” uaz total sulfated ludnuwisfl 1250 cm’

(O=S=0 asymmetric stretching vibration) (Rochas et al., 1986). uanmnffuﬂﬁwuqmﬁﬂwmwad
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Axial sulfate ester at O-C-4 of 3-Iinked-B-D-gaIactose residues LA Shoulder of L-galactose-6-

sulfate of agar polymer (Chopin et al., 1999) Tuguwiiedi 850 and 868 cm™' Snere (3u 22)

WRZNAINNANIANENGQE 13CNMR 153} 1H NMR spectroscopy WUIN&IRN® Sulfated
galactans NNEAIERNW (G. fisheri) Hsznavse 12 #ynno (C-NMR spectra) Wan carbon
Uy agarobiose units LWRE methylated agarose structure (Lahaye et al., 1986; Fernandez et al.,
1989 and Flashaw et al., 1999). Iﬂﬁwu’i’lﬁé@q’]mﬂi:mm 102.76, 70.55, 82.56, 69.10, 75.68
LAz 61.71 ppm UEAIATANBIAZUBY 3-linked B- D -galactopyranose units Twsnfigo 98.56,
70.25, 80.45, 77.66, 75.98 Wz 69.73 ppm LLa@aﬁaﬂmﬁﬂﬂmwaa 4-linked 3,6-anhydrogalactose-
Q- L -galactopyranosyl units uaﬂﬁnﬂﬁ?uﬁ'dwué'tyiy’lmlu spectra ﬁﬂd%’i’]ﬁ floridean starch ag (C-
2, 72.54; C-3, 74.14 uaz C-5, 72.26 ppm) ﬁtyzywmﬁ@‘i'ﬁl,mm 73.96 and 67 ppm LUuamaNM AL
Uad C-5 of 6-O-methyl- D -galactose unit waz C-1 of 4-linked 3,6-anhydrogalactose-Ql- L -
galactopyranosyl units linked to D -galactose-4-sulfate unit (Andriamanantoanina et al., 2007) (gﬂ

23)

§mM3 'H NMR spectroscopy 789a381@ Sulfated galactans usasliiusynmvas
agarobiose 8¢ methylated agarose structure (Welti, 1977 and Lahaye et al., 1988) LBUNT %d
ﬁrymuﬁmﬁ 4.01 ppm Lﬂuqmﬁﬂﬂm: hydrogen atom 834 methyl group substituted on C-6 of the 3-
linked B D -galactopyranose unit. é'fyfy,’lmﬁ 5.93 ppm LLamqmﬁ'ﬂumz H-1 284 floridean starch
(Mazumder et al, 2002). uaNMNUUWLEITINLSUQIA 5.82, 4.54 usz 4.46 ppm UFAIES
Qmé’nwmwad H-1, H-3 a8z H-2 of L -galactose-6-sulfate (Maciel et al., 2007) L8 H-5 of 3-linked

B-D-galactopyranose linked to L-galactose-6-sulfate (Welti, 1977) (Eﬂ 24)

PMNMTIATIZRLATIFINI WU WE2NGF Jlassasnamaiaiiiilu repeating unit 13 3-
linked B-D-galactopyranose and 4-linked 3,6-anhydrogalactose LLazﬁ‘H%i sulfate fighunila C4 289
D-galactopyranose (G4S) Wazh C6 Vo L-galactopyranose (L6S) (3‘.1_] 25)
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Fraction

Content (%)

Sulfate Total carbohydrate
WE1SGF 7.48%0.23 44.63+2.51
WE1TNGF 10.94+0.34 35.24+1.03
WE2SGF 7.19%0.22 31.67+2.66
WE2NGF 12.65+0.39 42.22+1.17
Au 5.17+0.16 54.97+2.63

#1319 3 Chemical compositions of the sulfated galactans extracted from G. fisheri
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WE1NGF

/ ‘ WE2NGF
KDa 500 100 60 8

- w |

' .y

Eﬂ 20 Polyacrylamide gel electrophoresis (10%) LLa@dﬁﬁﬂﬁﬂIuLaqamaomiaﬁ?ﬂ Sulfated galactans
MNIRINUNNW (Gracilaria fisheri) 1ael4 molecular standard markers fia dextran sulfate sodium
salt (500, 100 kDa), chondroitin 6-sulfate sodium salt (60 kDa) L8z dextran sulfate sodium salt (8

kDa).
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31) 21 Agarose gel electrophoresis (0.5%) uaadtwinluianavasaIana WEINGF uaz WE2NGF
MNIRINUNUWS (Gracilaria fisheri ) 1ag/l% molecular standard markers 289 dextran sulfate
sodium salt (500, 100 kDa), chondroitin 6-sulfate sodium salt (60 kDa) s dextran sulfate sodium

salt (8 kDa).

§oa\ |,"l;- L
II". / ¥ Nyt ST
4 ! ¥ T i
l|Ihl Il' HEE. B i I -“"m
| Shoider ,,, -
\ of L6S ' nin
\ GdS
': BEE.4%
'92:175 ; = .
PN
T2 \
: B T ™
1250 = total sulfate T T T
4 789,08 i
",| TTE.ED
I\ Tes. 5
!]l!.-“.
36-AG
1 0 920 "4 80 %0 40 “?én 300 70 w40 m 0,

31 22 FT-IR spectra 144 KBr pellets 2898713800 WE2NGF 3MnaNHIN8RNW (G. fisheri)
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5123 “C-NMR spectra 2098135800 WE2NGF 31N&438HaW (G. fisheri)

- FE-1
- Gl ErLAS

Ve Les-1
i

T —— SU—— ~

31 24 'H spectra 7a3d138Nn WE2NGF 21n&@M38uuW (G. fisheri)
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3 )02 p

T — R0
1 2 5" c@(;ossmz
—0 D MUY
3 OH l“ o

R] = H, SO3>
R,=H, Me
B-D-galactose (G)  «-L-anhydro-galactose (LA)  p-D-galactose (G)  «..L-galactose (L6S)

31 25 1A39a319289 WE2NGFNEMI8HNWS (G. fisheri)

o a g o ¢ ®
ﬁﬂﬂ"\ﬂalﬂﬂ'l?ﬂ E)\'iﬂ%ﬂ'li@lﬂL%av‘,'}iﬁﬁquﬂ\‘]ﬂ'}\?ﬂ'\')‘ﬂﬂd WE2NGF I-ﬂ ﬂiglsﬁaaluﬂlaaﬂﬁ‘ﬂ

naen
a . ¢ & A % [ Lo g [
N13LN@A Cytopathic effect (CPE) a9 LsnaaLamLaaﬂqwaamnlmuLﬁavh‘sam'aummnrn

Hannasadlwaadiliaiiaadinaid wud1 WE2NGF swnsnaan1aiiia CPE tadisaalii
Waafmasnnlaiuizehiaduasarnld dafsuiunguitldhiredudion (wssv) ;U 26)

31 26 Mifia cytopathic effect (CPE) adiaadilaliaaiinadn RRIN LHIULTD N THAILAIN
217 (WSSV) LaLsas be3u WE2NGF faufialta WSSV wumstia CPE fasnn
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N13N19ANY sulfate aana 1N WE2NGF

MImIanyianaradaIaNaaI83d solvolytic desulfation (D-WEINGF uaz D-WE2NGF)
WUINR1I8NA sulfated galactans ﬁﬁ’]%@mg sulfate #1837 solvolytic desulfation JUSumudasidud
%’aM@fKaalml,fiaLﬁﬂuﬁ'uaﬂiaﬁ'@ﬁleivlﬁsiwuﬁy’umaumiﬁﬁw%iﬁj'mml &% dextran-mixed (Dextran-
WEINGF sz Dextran-WE2NGF) filSunmulefifudsanalndifasiuasanadnlalarimduaa
nmafIangaane (a9 4) ﬁnﬂmm@aaaﬁmﬁmﬂuvlﬁvlﬁiﬂmsﬁﬁw%isﬁ'aLW@]@T’;ﬂ"?‘%
solvolytic desulfation mmmmiﬁaLm%%ii{aLWmﬁﬁIumsaﬁ‘maﬂW &§IU3D dextran-mixed (Jun3
#1181813  dextran LiTW"lﬂ%'uﬁ'u%isffaLWmlumsaﬁ'@ﬁ?u liiasadsinondadifuddanaieden

¢ & & . . Y < o
Lﬂailfﬁu@‘ﬁaLW@%NLL@]ﬂ@]’Nﬁnﬂﬁ’]ﬁaﬂ@ sulfated galactans I

Fraction Sulfate Content (%)
WE1SGF 7.48+0.23
WE1TNGF 10.9410.34
WE2SGF 7.19+0.22
WE2NGF 12.6510.39
D-WE1INGF 4.93+1.02
D-WE2NGF 2.49+1.08
Dextran-WE1NGF 7.95+1.59
Dextran-WE2NGF 10.5510.79

®1919 4 Percentage of sulfation W83 SGs

AMNFINITNINN1IIUN WD WE2NGF nulis@nuniianas ISaatasn9212

ﬁnﬂmimaauqmauﬂ'@mﬁuﬁmzmw WE2NGF N1 1IRAILAIA9117 WU WE2NGF
sanandvlanuhis Aenududuasue 10-100 pe/ mi (3u 27) lasanuidutu 60 Pg/ mi i

Aad

m’mLﬁwiuﬂ@wq@lumﬁuﬁ'mwiw WE2NGF nu'la3s LLazLﬁaﬁwmiﬁﬁwg sulfate 88NAINNRIT
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WE2NGF uaznagaunsau e wudwqmawﬁ'@nw%’uﬁ'ﬁh%’maamsaﬁ'@ WE2NGF aaad (31 27)

LLa@alﬁLﬁui’mg sulfate Tug178N® WE2NGF mﬁlzﬁqmauﬂa"ﬁ’sﬂluﬂﬁﬁuﬁuvl’ﬁaﬁ’aLmewn

0D 492 nm

0.025

0.0z

0.013

0.01

0.005

== \VE2NGF
== D-WEzNGF
Dextran-WEzNGF

——BSA

-20

20 40 &0 ao 100 120

Concentration {ug/ml)

31 27. rmwmeqmauﬁamﬁuﬁ'ﬂﬁmaavb%'a WSSV nU WE,NGF Wag de-sulfated WE,NGF (D-

WE2NGF) 383D solid-phase virus binding assay

Immunofluorescent

£ o a & o o v A . ¥
"ﬂ']ﬂﬂ']i@]‘i’l'i]ﬁaﬂﬂ‘ﬂﬁ@n%ﬂ'ﬁ@]@L%?JVL'J‘JZWI'JLL@G@’N"I]"I'J @835 immunofluorescent I@Ul"ﬁ

LaKAUBAWINAS rabbit anti-VP 28 Waz uanAuafdN&adna goat anti-rabbit Aaaa1nale fluorescein

isothiocyanate (FITC) wan1snaaaswuinsasiiiaifiaainlaiumana WENGF dduwiuimadide

Weaendarelhialenas Aadlunsaiselzanmioos: 24 vaInguAILOY (WSSV, positive

{ =1 o A o A [ A ¥ A &
control) Tuwamiziwadidiaiiandenlaliianuumiziy de-sulfated WE2NGF SnniGaisaiiugadn

WJudseunusosas 83 VaINguAILAN (3U 28 A, B)
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Binding of WSSV in hemocyte culture with FITC-labeling

™~J
=1

o 100%
c 100 82.8% 83.3%
=
‘w80
@
(@] 60
=
23.9%
% 40 ° 21.8%
0%
20
: H B
0
> Y "y & <
& & & & & &
C N < & d§§

31 28 A). MW Fluorescent UL&@A4 FITC staining U84 VP 28 uaz B) 1ulasidiud FITC intensity 24
VP 28 183 hirduasadsr luaasiliaifaatinand AlWasane WE2NGF wasde-sulfated
WE2NGF (D-WE2NGF) fianaid g 100 Mg/ ml uazlw dextran IUNUNY sulfate Y9 WE2NGF

(dextran-mixed)

Far Western blot analysis

NANNTNARBINLINFII&NA WE2NGF anun3aduldatnstaiannulysdusassaaniuasnid
217 3 woU fa Nuauiiwinlys@ud 19, 21, 28 kDa, purified VP 28 1usdu wazau'lanu lectin,
insulin-like growth factor 8% bovine serum albumin (BSA) WE2NGF laizunsadule (E‘Ll 29)
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wesv vp2g Lectin  gp; pga WEBV VP28 Lectn IGF{ BBA

o] | |

o ——
[P
pr——
P
o

100
- =y f _—
‘'l T e
55 s i
-' -—
40
w _sinisn il
pR— P—
33 - —— a TR
_— HEa. ™
na -_— 02000 T A :
<~ . — F .
rE =
B @
—— N .
47 -
Coomassie biue Blot with anti (1 -4)-p-D-galactan

31 29. jUuEA4 Far Western blot analysis laslfuauduad LM5 sufuuaudvad da (1->4)-B-D-
galactan ugaan3auninldves WE2NGF (60 Pg/ml) riulusdiuiifinveshiaduasasnniyignd
VP 28. WSSV; white spot syndrome virus, VP 28; viral protein 28, IGF-1; insulin-like rowth factor-l,

BSA; bovine serum albumin

a;ﬂu,axaﬁﬂs'muan'lﬁ%'ﬂ

gwonuwaduaniionzadues Anuenuaunziamemaldvasdsanalng oo
assnanamienziadgnidwdeunefiGousslhiale mu%’aff’?iaﬁi’mqﬂs:aa&ﬁaaﬁ'@msﬁ
figniaudaunei3ouas lhsaananinonuuwn wasnagoumMsdwigauuaiitouaslhauas
anwaanInlunInszdupiiquinlumg Fududafiarsgfiavaslszmelng lasvhnsatamsann
anenuwslasltitnsana 2 35 fe nsanacE@IiNaza18E1d 9Aa methanol,  ethanol,
chloroform W&z hexane WAZNIIRNAA? ﬂgﬂLﬁaiﬁ%ﬁa’ﬁﬂﬁju sulfated galataus (SGs) WENIRNAEA
9 ﬁiﬁuwmaauqmauﬁ'ﬁmiﬁmﬁaLmﬂﬁﬁﬂﬁamaa Vibrio harveyi (V. harveyi) Saifluuuafiised
lAfaanadudimaunn nmsnaseuluauiAsaitis wuinasana ethanol extract JnnBanm
L%a V. harveyi InflAsInunUaIIaNa methanol extract W&z chloroform extract %\‘llﬂﬁ'lﬁ BINU

a nfd 1 A . . . e . ' )
Norfloxazin LANENTANIN hexane extract 1o @1 minimal inhibitory concentration (MIC) agluma
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75-200 lg/ml Lfiamaaumiéﬁm%aLLUﬂﬁL%ﬂlurjomuﬂﬂLﬁml,a:rjﬁaju wudwr‘j&ﬁ"tﬁ%’ummﬁ'@
ethanol extract §aaMIseauazszauiidunugininguauguadsiiisdnyneaia Smiuns
afam SGS Mnmnnawlasitnsatadini ﬁ]zvl,@i”a'ﬁﬁl,ﬂu‘g”u A9 WE1SGF uaz WE2SGF
Lm:msﬁ"lmﬂu’g”u Ao WEINGF  uaz WE2NGF  WR9MMIduWud1 WE2NGF  uaz WE2SGF  §

Qmamﬁﬁwm%ﬂ V. harveyi Tuawiasaie uasfien MIC luga9 230-400 Wg/ml Fofiedrunnin
ethanol extract 18t WETNGF uaz WE2NGF annagaunsiuiie lsadnasaisans (wssv) lu
fawudnl WE2NGF ﬁwaa@é'm’mﬁmwaarja"lﬁﬁﬂ'jﬂ WE1NGF 1é%inn13 enrichment WE2NGF
’Lﬁﬁuvlsml,aﬁlﬂummifjo LLazlﬁrjaﬁuvliw:Laﬁvlﬁ%'u WE2NGF @adani 7 31 fendaiio WSSV
wudwr‘j&ﬁﬁu"[smmﬁvlﬁ%'u WE2NGF a3idagi 100 waz 200 Wg/ml ﬁa"'@swnﬁia@mnﬂfiﬁaﬁﬁu
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Vibriosis is a common bacterial disease that can cause high mortality and morbidity in farmed shrimp.
Since compounds from seaweed have been reported to have anti-bacterial and immunostimulant
activity, this study was conducted to determine whether solvent extracts from the red seaweed Gracilaria
fisheri might be a possible alternative for prevention and treatment of shrimp vibriosis caused by Vibrio
harveyi. Seaweed extracts prepared using ethanol, methanol, chloroform and hexane were evaluated for
anti-V. harveyi activity by the disc-diffusion method. The ethanol, methanol and chloroform extracts
showed activity against a virulent strain of V. harveyi with potency (minimal inhibitory concentrations in
the range of 90—190 pug ml~1) equivalent to the antibiotic norfloxacin. The ethanol extract was not toxic
to the brine shrimp Artemia salina when it was fed to them for enrichment prior to their use, in turn, as
feed for postlarvae of Penaeus monodon. Postlarvae fed with these enriched Artemia gave significantly
lower mortality than control postlarvae after challenge with V. harveyi. In addition, P. monodon juveniles
injected with the ethanol extract showed a significant increase in the total number of haemocytes and an
increased proportion of semi-granulocytes and granulocytes when compared to control shrimp. The
activities of phenoloxidase and superoxide dismutase were also increased, with an accompanying
increase in superoxide anion production. When these juvenile shrimp were challenged with V. harveyi,
mortality was markedly reduced compared to that of control shrimp. The results indicated that ethanol
extracts of G. fisheri had immunostimulant and antimicrobial activity that could protect P. monodon
against V. harveyi.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

salinity (Withyachumnarnkul, pers. comm.), washing eggs with
iodine and formaldehyde [4] and by using probiotics [5].

Several Vibrio species have been reported as pathogenic for
penaeid shrimp. Among them, Vibrio harveyi (VH) is the most
frequently detected species that infects the shrimp hepatopancreas
to cause acute or chronic infections known as vibriosis. The black
tiger shrimp Penaeus monodon is one of the most susceptible
species to VH and when infected, mass mortality of larvae in
hatcheries or juveniles in grow-out ponds are often observed [1]. In
grow-out ponds, shrimp farmers control vibriosis by water
management [2] and by reducing stress on shrimp [3]. In hatch-
eries, vibriosis is controlled by the reduction of rearing water

* Corresponding author. Tel.: +662 2015402; fax: +662 3547168.
E-mail address: sckbp@mahidol.ac.th (K. Wongprasert).

1050-4648/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fsi.2010.11.016

Gracilaria species are among the most useful red seaweeds in
the world. They are used as feed for fish and other aquatic animals
and are also the source of high quality agar [6], food for human
consumption, and pharmaceutical components [7,8]. It has been
reported that extracts form Gracilaria species contain active
metabolites or compounds with antiviral, antifungal, and anti-
bacterial activities [9]. An extract from Gracilaria corticata was
highly active against the Gram-negative bacterium Proteus mirabilis
[10]. The polysaccharide fucoidan from the brown seaweeds Cla-
dosiphon okamuranus [11] and Sargassum polycystum elicited anti-
viral activity against white-spot syndrome virus (WSSV) in the
shrimp Metapenaeus japonicus and P. monodon, respectively, and
also inhibited growth of VH, Staphylococcus aureus and Escherichia
coli [12]. Crude polysaccharide extracts form Sargassum fusiforme
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could enhance immunological activities in the shrimp, Fenner-
openaeus chinensis [13].

Gracilaria fisheri is a red seaweed commonly found along the
coast of south-east Asian countries [14]. It is occasionally cultured
in shrimp farms for wastewater treatment [15]. Because of the
potential benefit for shrimp culture, the properties of ethanol
extract of G. fisheri as an immunostimulant and anti-bacterial agent
against VH in P. monodon were therefore studied and are reported
herein.

2. Materials and methods
2.1. Samples

The red seaweed G. fisheri, brine shrimp (Artemia salina) and
specific pathogen-free P. monodon were obtained from the Shrimp
Genetic Improvement Center (SGIC), Chaiya District, Surat Thani,
Thailand.

2.2. Preparation of G. fisheri crude extracts

The seaweed extraction was carried out according to the
methods described previously [16,17]. Briefly, G. fisheri was washed
with clean seawater, air-dried, powdered and extracted with
different organic solvents in order of increasing polarity (i.e.,
hexane, chloroform, ethanol and methanol). Powdered seaweed
(30 g) was extracted with 500 ml of each solvent using a Soxhlet
apparatus for 24 h and then the solvent was evaporated in vacuum
(rotator evaporator) at 60 °C until a dry residue (extract) was
obtained. The extracts were stored at —20 °C.

2.3. Brine shrimp preparation

Brine shrimp (A. salina) cysts (50 g) were transferred to 800 ml
of artificial seawater at a salinity of 30 ppt. The water (28 °C) was
aerated with mild air flow for 24 h, after which the nauplii (instar I)
developed. They were cultivated for a further 12 h to become instar
Il. The instar I were used for cytotoxicity tests and the instar II as
bioencapsulation agents to be enriched with the ethanol extract
before they were fed to shrimp (see below).

2.4. In vitro screening of anti-bacterial activity of G. fisheri extracts

Anti-bacterial assays by the disc-diffusion method [18] were
carried out using a strain of VH obtained from a commercial shrimp
farm in Thailand and known to be virulent for shrimp. Filter-paper
discs were impregnated with 20 ul of different concentrations of
crude solvent extracts of G. fisheri (0.05, 0.1,0.5,1, 5,10,20 mg ml~!)
or with a standard antibiotic (10 pg norfloxacin from Bangkok Lab
and Cosmetics, Bangkok, Thailand) as a positive control. The discs
were overlaid on Mueller Hinton agar plates and incubated at 30 °C
for 24 h. Paper discs treated with solvent alone served as negative
controls. Zones of inhibition were determined as the difference
between the disc diameter (6 mm) and the diameter of the inhi-
bition zone [19]. The inhibition zones means of the solvent extracts
were compared.

The minimum inhibitory concentrations (MIC) of the extracts
were determined according to a method previously described [20].
The four extracts from G. fisheri were prepared at different
concentrations ranging from 0.05 to 1.00 mg ml~! by serial dilution
in broth that was then inoculated with 100 ul of medium containing
108 CFU ml~! VH. The mixtures were incubated at 30 °C for 24 h
after which the growth of VH was determined by spectrophotom-
eter at OD 600. MIC was defined as the least concentration of crude
extract that could reduce bacterial growth to 50% when compared

to the control mixture containing only VH plus broth. The seaweed
extract that gave the largest zone of inhibition and the lowest MIC
was chosen for further study in subsequent experiments. The result
demonstrated that the ethanol extract showed the best anti-VH
activity.

2.5. Safety test for the seaweed ethanol extract

A brine shrimp bioassay was performed to evaluate the toxicity
of the ethanol extract following the method of Caldwell [21]. The
extraction procedure yielded 150 mg of dry ethanol extract from
30 g dry seaweed. The extract was resuspended in ethanol and
prepared in final concentrations of 0.01, 0.1, 1, 2, 4, 6, 8, and
10 mg ml~! in artificial seawater in Petri dishes. Ten instar I Artemia
were placed in each dish and maintained under ambient light for
24 h, after which the number of dead nauplii was determined using
a stereomicroscope. Control group was treated identically without
addition of extract to the seawater. Tests were carried out in trip-
licate. The lethal concentration of the extract was defined as that
which caused 50% mortality of the nauplii (LCsg).

2.6. Enrichment of instars Il by bioencapsulation

Although A. salina instar larvae I and II are routinely used in
hatcheries as live-feed for P. monodon postlarvae, the instar II stage
was chosen for bioencapsulation of the G. fisheri ethanol extract
because it is the first stage at which Artemia begins feeding on small
particles. Instar II larvae at a density of 120 nauplii ml~! were
reared in triplicate glass tanks containing 250 ml of filtered
seawater at 25 °C. The test larvae were enriched for 6 h with two
different concentrations of 0.5 and 1.0 mg ml~! of the ethanol
extract added to the seawater (i.e., two groups of 3 tanks each). No
extract was added to the 3 control tanks. The enriched and control
instar II larvae from each tank were then collected, washed, and
kept individually for feeding to P. monodon postlarvae prior to
challenges of the postlarvae with VH.

2.7. Defense parameters of P. monodon juveniles injected
with the ethanol extract

P. monodon juveniles (a total of 480 individuals of 10—15 g BW)
were arbitrarily divided into 4 groups, each with 4 replicates of 30
shrimp in rectangular plastic tanks (50 x 80 x 50 cm) containing
80 L seawater at a salinity of 10 ppt (16 tanks total). They were fed
twice daily with commercial pellets at 3% BW per day. The four
groups were treated as follows. Group 1 comprised the untreated
control. Group 2 comprised the vehicle control shrimp injected
with a 1:1 mixture of ethanol and PBS. Group 3 comprised the test
group injected with ethanol extract at 0.5 mg g~ ! BW (also called
0.5 EtOH group) and Group 4 comprised the test group injected
with ethanol extract at 1.0 mg g~ ' BW (also called the 1.0 EtOH
group). After two days of acclimatization, the vehicle control and
test shrimp groups were injected intramuscularly with 100 pl of
vehicle or extract solution. The injections were repeated 3 days
later. At days 3, 7 and 14 following the second injection, 3 or 4
shrimp were arbitrarily selected from each tank of groups 1—4 for
withdrawal of haemolymph (see below) to obtain a total of 30
haemolymph samples from each group (Fig. 1). Using these
samples, the following parameters were determined: total hae-
mocyte counts, differential haemocyte counts, phenoloxidase (PO)
activity, superoxide anion (SO) production and superoxide dis-
mutase (SOD) activity.

To determine total haemocyte and differential haemocyte
counts, 100 pl haemolymph was withdrawn from the ventral sinus
of individual shrimp into a 1 ml syringe containing 100 pl of 10%
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Fig. 1. Diagram showing the time-frame of the injections of the ethanol extracts of the red seaweed Gracilaria fisheri into Penaeus monodon juveniles and haemolymph collections
from the shrimp for determinations of their defense parameters. PO, prophenoloxidase; SO, superoxide; SOD, superoxide dismutase.

formalin in 0.45 M NaCl and transferred to a microfuge tube for
further processing as previously described [22] so that hyalino-
cytes, semi-granulocytes and granulocytes could be distinguished
by light microscopy according to Johansson et al. [23] and the
percentage of each type of haemocytes was determined from a total
of 400 cell counts.

To determine PO and SOD activities and SO production, 0.5 ml
haemolymph was withdrawn into a 1 ml syringe containing 0.5 ml
L-cysteine/LHB solution from individual 15 shrimp of a separate set;
400 pl of the mixture was used for PO activity assay whereas the
other two aliquots of 300 ul were used for SO production and SOD

activity assays (Fig.1). For PO determination, the mixture (400 pl) was
centrifuged at 1000 g for 10 min at 4 °C and the pellet was resus-
pended in 0.5 ml of chilled cacodylate buffer (0.01 M sodium caco-
dylate, 0.45 M Nac(l, 0.01 M CaCly,, 0.26 M MgCl,, pH 7.0), sonicated in
ice bath and centrifuged at 40000 g for 20 min at 4 °C; the supernate
was isolated as haemocyte lysate (HLS), which was immediately used
for PO analysis according to Smith and Soderhall [24].

The production of reactive oxygen species or superoxide anion
of haemocytes and SOD activity was quantified from haemocytes
isolated from 300 pl of the haemolymph mixture, according to the
methods described [25,26].
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2.8. V. harveyi challenge of P. monodon postlarvae

A stock of P. monodon PL 15 were kept in three 25-L tanks
containing 30 ppt seawater at 27 °C. The experiment was con-
ducted as a completely randomized design with five groups of PL15
each in 3 replicates of 100 shrimp. The 4 groups to be challenged
with VH were as follows. Group 1 comprised the positive control of
normal instar II larvae. Group 2 comprised the vehicle control of
instar II larvae enriched with 1:1 ethanol and phosphate buffered
saline (PBS). Group 3 comprised a test group of instar II larvae
enriched with 0.5 mg ml~! of the ethanol extract (the 0.5 EtOH
group) and Group 4 comprised a test group of instar II larvae
enriched with 1.0 mg ml~'of the ethanol extract (the 1.0 EtOH
group). Group 5 was the negative control group that consisted of
normal instar II larvae that were not challenged with VH. The
shrimp postlarvae were daily fed with either normal or enriched
instar II larvae consecutively for 15 days before being immersed in
seawater containing 1 x 10® CFU ml~! of VH. The cumulative
mortality of shrimp was recorded daily for 7 days following the
challenge.

2.9. V. harveyi challenge of P. monodon juveniles

P. monodon juveniles (10 shrimp of 10—15 g for each replicate)
were stocked in rectangular plastic tanks (50 x 80 x 50 cm) con-
taining 80 L seawater (10 ppt) and fed twice daily with commercial
pellets at 3% BW per day. The shrimp were divided into 5 groups
with 3 replicates each (a total of 15 tanks with 10 shrimp each) and
acclimatized for 3 days before starting the experiment. The 5
groups were as follows. Group 1 comprised the positive control
shrimp that were untreated. Group 2 comprised the vehicle control
injected with a mixture of 1:1 ethanol and PBS. Group 3 comprised
the test shrimp injected with 0.5 mg g~' BW ethanol extract (the
0.5 EtOH group) and Group 4 comprised the test shrimp injected
with 1.0 mg g~! BW ethanol extract (the 1.0 EtOH group). Group 5
comprised the negative control group that consisted of juvenile
shrimp that were not challenged with VH. Injections of either
vehicle or ethanol extracts were carried out using 100 pl solution at
days 4 and 7 of the experiment and challenges took place on day 8
using a 100 pl injection containing 1 x 10 CFU ml~! VH. Cumula-
tive mortality of the shrimp was monitored daily for 14 days
following the challenge (i.e., until day 22 of the experiment).

2.10. Statistical analysis

Unless stated otherwise, all experiments were performed in
triplicate. The data were expressed as mean 4 SD and analyzed by
one way ANOVA followed by Turkey’s multiple comparison and
differences were considered significant if P < 0.05.

3. Results

3.1. Anti-bacterial activity of G. fisheri extracts
by disc-diffusion assay

All extract types of G. fisheri tested (hexane, chloroform, meth-
anol, and ethanol) showed inhibition zones against VH. The
ethanol, methanol and chloroform extracts at 0.5 mg ml~' and
norfloxacin gave similar inhibition zones that were larger than that
of the hexane extract (Fig. 2). The MICs of the ethanol, methanol,
chloroform and hexane extracts against VH were 90 + 5.5,
100 + 9.5, 90 + 9.7, and 190 + 10.3 pg ml ™, respectively. Since the
ethanol extract showed a large zone of inhibition and the lowest
MIC value, it was chosen for subsequent experiments.

3.2. Safety test for the ethanol extract

A. salina instar | larvae showed no mortality when incubated
with ethanol extracts at concentrations lower than 1.0 mg ml~! for
24 h (Fig. 3). Increasing mortality was observed at increasingly
higher concentrations and the resulting LCso was 4.29 &+
0.5mg ml~ L.

3.3. Defense parameters of shrimp injected with the ethanol extract

Total haemocyte counts of the 0.5 EtOH and 1.0 EtOH groups
were significantly higher than those of the control and vehicle
groups at all assay times after injection (Fig. 4). On day 3 after
extract injection, total haemocyte counts for the 1.0 EtOH group
were about 2 times higher than that of the control groups (P < 0.05)
and remained at that level to day 14. The numbers of semi-gran-
ulocytes and granulocytes of the 1.0 EtOH group were also signifi-
cantly higher than those of the control groups (P < 0.05) on day 3
and reached maximum levels on day 7 (counts of semi-gran-
ulocytes at 5 times and granulocytes 3 times those of the control
groups). They declined slightly thereafter and by day 14 reached the
same levels as on day 3. The 0.5 EtOH group also showed an
increase in the number of semi-granulocytes, but at lower levels
than in the 1.0 EtOH group. However, the number of granulocytes in
the 0.5 EtOH group was significantly higher than that of the control
groups on day3 (P < 0.05) and the number was maintained at a high
level through day 14. The hyalinocyte counts of the 0.5 and 1.0 EtOH
groups were significantly (P < 0.05) higher than that of the control
groups on day 3 and the high levels were maintained until the end
of the experiment. There was no significant difference in the
numbers of hyalinocytes between the 0.5 and 1.0 EtOH groups.

At day 3 after injection of ethanol extracts, PO activity in the 0.5
and 1.0 EtOH groups was significantly higher than that in the
normal and vehicle control groups (P < 0.05), and that of the 1.0
EtOH group was significantly higher than that of the 0.5 EtOH group
(P < 0.05) (Fig. 5). The enzyme activity remained until day 14,
although there was a slight decline in the 1.0 EtOH group.

The production of super oxide anions in the 1.0 EtOH group was
markedly higher at day 3 than that of the other groups (P < 0.05)
but was somewhat lower on days 7 and 14. However, at day 14, it
was still significantly higher (P < 0.05) than in the normal and
vehicle control groups (Fig. 5). Super oxide production in the 0.5
EtOH group was not significantly different from that in the two
control groups.

Three days after ethanol-extract injection, SOD activity in the
0.5 and 1.0 EtOH groups was significantly higher (2.2 times and 4
times, respectively) than that in the two control groups (P < 0.05).
At day 7 and 14, SOD activity in the 0.5 EtOH group was the same as
that on day 3, whereas that in the 1.0 EtOH group increased further
to 6 and 5 times of that in the two control groups on days 7 and 14,
respectively (Fig. 5).

3.4. The ethanol-extract protected P. monodon
against V. harveyi infection

Cumulative mortality for PL 15 in the positive control group
challenged with VH was 100% within 2 days while that in the
vehicle control group was 77.5 + 2.3% within 7 days. By contrast,
PL15 fed with ethanol-extract-enriched Artemia instar II larvae had
lower mortality (P < 0.05) (44.5 + 2.7% and 17.5 + 3.3% at 7 days in
the 0.5 and 1.0 EtOH groups, respectively) (Fig. 6).

In P. monodon juveniles, there was 100% mortality in 4 days after
VH challenge in the normal and vehicle control groups, whereas
mortality in the shrimp injected with 0.5 and 1.0 mg g BW~! of
the ethanol extract was significantly lower at 39.6 4+ 2.3% and
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Methanol

Chloroforma

Hexane

5 mm
Concentration of the extract (mg ml-!)
0.1 0.5 1 5 10 20

Solvent Extract

Methanol 7.5+0.57 8.75+0.95 10.25+1.73 9.5+1.82 10+0.81 10.5+1.41

Ethanol 9.75+1.50 9.75+£1.41 10.5+0.95 9.75£1.29  11+0.50 12+1.70

Chloroform 7+0.08 7+0.04 8+0.90 8.5+1.15 10£0.57  10.5+0.57

Hexane 5.5+t1.40  5.75+1.64 6.25+232 84230 8.5+1.80 7+£2.08
Norfloxacin - 11£1.0 - - - -

Fig. 2. Vibrio harveyi inhibition zones (mm) by different solvent extracts of Gracilaria fisheri. The values are means + SD (N = 9). The concentration of norfloxacin was 0.5 mg ml~".

17.4 + 3.9%, respectively (P < 0.05) (Fig. 7). The difference between
the two extract groups was also statistically significant (P < 0.05)
and remained so until day 14 (72.7 &+ 3.3% and 35.1 & 2.9% mortality
in the 0.5 and 1.0 EtOH groups, respectively).
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Fig. 3. Cumulative mortality and LCso of Artemia salina, instar | stage, immersed in the
ethanol extract of the red seaweed Gracilaria fisheri at different concentrations.

4. Discussion

This study revealed an anti-VH effect of G. fisheri solvent extracts
and the ability of the ethanol extract to protect P. monodon from
vibriosis. Plant materials can be classified as antimicrobial agents
based on MIC values of their extracts. Extracts with MIC values
less than 100 pg mil~! are classed as strong inhibitors, at
100—500 pg ml~! as moderate inhibitors, at 500—1000 pg ml~! as
weak inhibitors and at more than 1000 pg ml~! as inactive [27].
According to this classification the ethanol, methanol and chloro-
form extracts of G. fisheri could be graded as strong inhibitors
against VH. Mixtures of both polar and non-polar properties of
biologically active metabolites are of interesting natural product
since they could traverse both hydrophilic and hydrophobic envi-
ronments. This allows the compounds to be both partially water
soluble and easily transported across cell membranes and other
biological barriers. The components of biological extracts of mid-
polarity in between are ideal target for the first stage of fraction-
ation of a crude extract. The finding that the extract from the high
polarity solvent ethanol was superior to those obtained with the
other three solvents used was similar to the experience described
by others and suggested that the anti-VH compound(s) in the
ethanol extract were polar. VH are Gram-negative bacteria with
external membranes that contain highly hydrophilic substances
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Fig. 4. Total and differential haemocyte counts of Penaeus monodon juveniles after receiving injections of the ethanol extract of the red seaweed Gracilaria fisheri. *P < 0.05,
compared to the value of the control; #P < 0.05, compared to the value of the 0.5 EtOH shrimp at the corresponding time-points.

such as lipopolysaccharide and proteins that are permeability
barriers to the hydrophobic compounds, including anti-bacterial
drugs [28]. It is possible that polar bioactive compounds present in
the ethanol extract might bind to porin proteins in bacterial outer
membrane, causing conformational changes leading to easier
transport of other polar bioactive compounds into the bacterial cell
[29].

With respect to toxicity of the ethanol extract, substances are
considered strongly toxic when their LCsg for Artemia instar I
larvae are in the range of 0—80 pg ml~!, moderately toxic at
80—250 pg ml~, and weakly toxic at more than 250 pg ml~! [30].
Since the LCsg of our ethanol extract was 4290 & 460 pg ml~}, it
could be considered non-toxic to the Artemia instar I larvae. The
subsequent experiments of feeding the ethanol-extract-enriched
Artemia to P. monodon PL15 postlarvae and injecting the extract
directly into P. monodon juveniles indicated that it was also non-
toxic to P. monodon. Since Gracilaria and Gracilaria products are
commonly used as human food and in the preparation of products
for human food (e.g., agar) it is also likely that the ethanol extract
would not cause health problems in humans if they ate shrimp that
had been treated with the extract. A report on antimicrobial
extracts of Gracilaria changii [31] also showed that they were non-
toxic for brine shrimp and a mammalian cell line. However it has
been demonstrated in a recent study that the ethyl acetate extracts

from the two red seaweed Gracilaria salicornia and Hypnea flag-
elliformis showed potent toxic effects against Artemia larvae, LCsq as
less as 3, 4 pg ml~!, respectively [32]. Thus it could be concluded
that the toxicity levels of Gracilaria spp depend on the species and
methods of extraction employed.

The anti-VH activity of the ethanol extract of G. fisheri for
P. monodon postlarvae and juveniles was correlated with increased
total haemocyte counts, increased granulocyte counts, increased
PO and SOD activities and increased super oxide anion production.
All these parameters are parts of the anti-bacterial defense mech-
anism in crustaceans [33]. Phenoloxidase (PO) is a key enzyme
involved in production of reactive oxygen species, antimicrobial
phenolic compounds and melanin in response to pathogens [33]
and a high PO activity index has been suggested to be an indi-
cator good defense capability in shrimp [34]. Since the PO response
originates from semi-granulocytes and granulocytes [34], higher
numbers are associated with higher potential for PO activity. Thus,
our results suggested that the ethanol extracts stimulated haemo-
cytic proliferation and differentiation. During bacterial infection,
haemocytes also ingest pathogens by phagocytosis and destroy
them in the cytoplasm by the production of reactive oxygen
species, superoxide anions, hydrogen peroxide and hydroxyl radi-
cals [35]. In addition, haemocytes produce SOD that catalyzes
superoxide anions to hydrogen peroxide that acts as a substrate for
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Fig. 5. Activities of phenoloxidase and superoxide dismutase, and levels of super oxide
anion in total haemocytes of Penaeus monodon juveniles determined on day 3, 7 and 14
after receiving injections of the ethanol extract of the red seaweed Gracilaria fisheri.
Different superscripts indicate statistically significant differences.

the production of the powerful microbicidal substance, hypo-
chlorous acid [36]. All these increased activities and the increased
haemocyte counts could have augmented the antimicrobial activity
of the ethanol extract and accounted for the ability of shrimp
treated with the extracts to better defend against VH challenge.
Additionally, our further study reveals that the ethanol extract of
G. fisheri contains polyphenols, polysaccharides and certain amount
of protein (unpublished data). The polyphenols in the ethanol
extract is speculated as an antioxidant to scavenge ROS [37] and the
polysaccharides may responsible for activation of immune defense
as those reported by others. Administration of hot-water extracts of
Gelidium amansii [38] and Gracilaria tenuistipitata [39,40] increased
total haemocyte counts, PO activity and respiratory burst of the
white shrimp Litopenaeus vannamei and improved its ability to
defend against Vibrio alginolyticus. Also, P. monodon PL fed with
metabolites from the red seaweed Hypnea musciformis positively
affected immune factors and showed significantly higher survival
rates when challenged with V. alginolyticus [41].
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Fig. 6. Cumulative mortality of Penaues monodon, postlarva 15 stage, challenged with
Vibrio harveyi after being fed on Artemia salina, instar Il larvae, that were enriched with
ethanol extract of the red seaweed Gracilaria fisheri for 14 days.*P < 0.05, compared to
the value of the positive and vehicle controls; #P < 0.05, compared to the value of the
0.5 EtOH shrimp at the corresponding time-points.

It has been demonstrated that many of the solvent extracts from
red seaweeds contain halogenated compounds [42]. Halogenated
secondary metabolites from red seaweed Laurencia chondrioides
showed anti-bacterial activity against fish and human pathogenic
bacteria [43]. There is also evidence that the red seaweed Delisea
pulchra effectively avoids a broad spectrum of bacterial infections
via its halogenated compounds known as furanones [44]. The
structures of furanones are similar to N-acyl homoserine lactones
(AHLs) that comprise a class of bacterial intercellular signaling
molecules produced by Gram-negative bacteria. AHLs orchestrate
the expression of particular phenotypes within a population of
bacterial clones via binding to the specific protein on bacterial
receptors that induce colonization [45]. Furanones can bind
specifically to the receptor sites of AHLs and therefore decrease AHL
activity. This method of blocking bacterial communication effec-
tively prevents bacteria from forming groups and becoming virulent
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Fig. 7. Cumulative mortality of Penaues monodon challenged with Vibrio harveyi after
injection with an ethanol extract of the red seaweed Gracilaria fisheri. *P < 0.05,
compared to the value of the positive and vehicle controls; #P < 0.05, compared to the
value of the 0.5 EtOH shrimp at the corresponding time-points.



396 K. Kanjana et al. / Fish & Shellfish Inmunology 30 (2011) 389—396

[46]. Previous study reported the natural furanone (5Z)-4-bromo-5-
(bromomethylene)-3-butyl-2(5H)-furanone, at 0.02 mg ml~’, could
protect Artemia from VH, however a higher concentration
(0.05 mg ml~1) of the compound caused toxicity to the larvae [47].
In contrast to our result, a much higher concentration of the ethanol
extract of G. fisheri (1.0 mg ml~") caused no death to the Artemia.
Thus it is suggested that the active metabolite(s) of the ethanol
extract of G. fisheri that fight against V. harveyi might contain only
a small amount furanones. Hence, for a better understanding of the
anti-bacterial and immunostimulant effects of the ethanol extract of
G. fisheri, the bioactive compounds and their mechanisms of action
need to be elucidated.

In conclusion, this present study showed that feed supple-
mentation by bioencapsulation and injection of the ethanol extract
from the red seaweed G. fisheri possessed potent antimicrobial
activity against bacteria V. harveyi. The injection experiment
exhibited the ability of the extract to stimulate cellular and humoral
defense parameters in P. monodon. The results from the study may
be useful to shrimp farmers since it suggests that co-cultivation of
G. fisheri in shrimp ponds to remove ammonia may also be bene-
ficial in terms of enhancing shrimp anti-bacterial defenses.
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Abstract

A legume type lectin (L-lectin) gene of the red algae, Gracilaria fisheri (GFL), was
cloned by rapid amplification of cDNA ends (RACE). The full-length cDNA of GFL was 1,714
bp and contained a 1,542 bp open reading frame encoding 513 amino acids with a predicted
molecular mass of 56.5 kDa. Analysis of the putative amino acid sequence with NCBI-BLAST
revealed a high homology (30-68%) with legume-type lectins (L-lectin) from Griffithsia
Japonica, Clavispora lusitaniae, Acyrthosiphon pisum, Tetraodon. nigroviridis, and Xenopus
tropicalis. Phylogenetic relationship analysis showed the highest sequence identity to a
glycoprotein of the red algae Griffithsia japonica (68%) (GenBank no. AAM93989). Conserved
Domain Database analysis detected an N-terminal carbohydrate recognition domain (CRD), the
characteristic of L-lectins, which contained two sugar binding sites and a metal binding site. The
secondary structure prediction of GFL showed a B-sheet structure, connected with turn and coil.
The most abundant structural element of GFL was the random coil, while the a- helixes were
distributed at the N- and C-termini, and 21 B-sheets were distributed in the CRD. Computer
analysis of three-dimensional structure showed a common feature of L-lectins of GFL which
included an overall globular shape that composed of a B-sandwich of two anti-parallel B-sheets,
monosaccharide-binding sites were on the top of the structure and proximity with a metal
binding site. Northern blot analysis using a DIG-labeled probe derived from a partial GFL
sequence revealed a hybridization signal of ~1.7 kb consistent with the length of the full-length
GFL cDNA identified by RACE. No detectable band was observed from control total RNA

extracted from filamentous green algae.
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Footnote: The GenBank accession number for the GFL sequence reported in this paper is

ACY56710.

1. Introduction

Lectins are carbohydrate-binding proteins that are widely presented in all living
organisms (Sharon 2008). They have been reported to play important roles in defense mechanism
by immobilizing particles through agglutination (Espinosa et al. 2009) and encapsulation
(Koizumi ef al. 1999), to limit pathogen infection and cancer metastasis through their binding to
carbohydrates on cell surfaces (Lu ef al. 1994). Since they possess an ability to agglutinate cells
or precipitate polysaccharides and glycoconjugates, they are used as tools for blood screening,
cell identification and immunological research (Pinto et al. 2009). Many lectins are useful for
viral inhibitors, such as N-acetylglucosamine-binding lectin extracted from the stinging nettle
root of Urtica dioica, which has displayed pronounced antiviral properties (Shibuya et al. 1986).
As well, mannose-binding lectins, such as cyanovirin-N derived from the blue green algae,
Nostoc ellipsosporum, has showed high-affinity interactions with the envelope glycoprotein
gp120 of HIV, enhancing its potential as an anti-HIV microbicide (Boyd et al. 1997).

Recent studies have shown that algae are a good source for novel lectins and they have
unique molecular structures, carbohydrate-binding specificities and biological activities, which
relate to beneficial roles of algal lectins in biochemical and biomedical applications. Marine algal
lectins are of interest, because their small molecules can induce minor immunogenicity, their
several disulfide bridges possess great stability, and also high specificity for complex
carbohydrates and glycoconjugates (Nagano et al. 2005b). The presence of lectins in marine

macroalgae was first established by Boyd ef al. (1966). Thereafter, a number of reports on
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distribution, isolation, characterization and biochemical properties of marine algae lectins have
been published (Hori ef al. 1981). It has been shown that lectins from marine algae exhibit
protein properties similar to those of higher plant, but different in some aspects. Algal lectins are
generally low molecular weight (about 10 - 30 kDa), and have a high content of acidic amino
acids, giving isoelectric points ranging from 4-6 (Melo et al. 2004). They also possess
thermostability, metal-independent hemagglutination, and have an affinity for glycoproteins but
not for monosaccharides (Rogers and Hori 1993). These properties suggest that the algal lectins
possess molecular structures and carbohydrate-binding specificities distinct from known lectins
from other sources. Marine algal lectins have been reported both in monomeric and dimeric
forms. Lectin isolated from Gracilaria ornate showed monomeric protein with molecular weight
of approximately 17 kDa (Leite ef al. 2005) and lectin from Caulerpa cupressoides had a dimeric
protein of 45 kDa, consisting of 23 kDa subunits (Benevides ef al. 2001).

Red marine algae Gracilaria spp. (Gracilariaceae) are important sources of high quality
agar worldwide (Oliveira ef al. 2000), and also are good sources of novel lectins. Several
biomedical applications of lectin from Gracilaria spp. have been demonstrated. Hori et al.
(1981) demonstrated that lower concentrations of lectin from G. bursa-pastoris showed stronger
agglutination activity on mouse tumor cells FM3A, than lectins from land plant. Lectins extract
from G. tikvahae HBOI strains G-3 and G-5 have been shown to induce high mitogenic activity
on human lymphocytes and murine splenocytes, respectively (Bird et al. 1993). Recently, the
lectin namely Griffithsin, isolated from a red algae Griffithsia sp. showed a highly potent HIV
entry inhibitory effect and is currently being investigated as a potential microbicide for use in the
prevention of the transmission of HIV (Mori ef al. 2005). Although, several studies on marine

algal lectins have been published (an amino-acid sequences obtained directly from purified
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protein), few genes encoding lectins from algae have been isolated and characterized. The first
amino acid sequence of marine algal lectin published was obtained from the red algae,
Bryothamnion triquetrum, in the year 2000 (Calvete ef al. 2000). Others have been reported for
Griffithsia japonica (GenBank no. AAM93989), Ulva pertusa (Wang et al. 2004) and three
species of Hypnea i.e. H. japonica (Hori et al. 2000), H. cervicornis and H. musciformis
(Nagano et al. 2005a). However, cDNA sequences of lectins from the family Gracilariaceae,
including Gracilaria fisheri have not been reported. Therefore, the present study was the first
using expressed sequence tags (ESTs) from a public database and a set of molecular biology

tools to clone and sequence a full-length lectin cDNA of G. fisheri, an important marine alga.

2. Materials and Methods
2.1 Algal samples
Vegetative thalli of the red algae, G. fisheri, and an un-identified species of filamentous
green algae, were collected from the culture ponds at the Genetic Shrimp Improvement Center,
Surat Thani, Thailand. They were cleaned of the epiphytes, rinsed with distilled water, frozen in

liquid nitrogen, and stored at -80°C until used.

2.2 RNA extraction
Total RNA was extracted from healthy thalli of G. fisheri using TRIZOL reagent (RMC,
US), following the protocol as previously described (Dos Reis Falcdo et al. 2008). Briefly, 1 g
of frozen G. fisheri was powdered in liquid nitrogen using a mortar and pestle then put into a 15
ml Falcon tube containing 3 ml TRIZOL reagent and 0.3 ml 5 M KOAc. The sample was

centrifuged at 8,000 X g at 4°C for 20 min. The supernatant was transferred to a new tube and
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0.9 ml of cold ethanol, 1/3 volume of phenol: chloroform were added sequentially and then
centrifuged at 8,000 X g at 4°C for 20 min. RNA in the supernatant was precipitated by addition
of LiCl to a final concentration of 3 M, and incubated at -20°C for 3 h. The pellet was washed
twice with 70% ethanol and air dried. RNA quality was assessed on 1% agarose gel
electrophoresis. Total RNA was treated with RQ1 RNase-Free DNase (Promega, USA) to
remove contaminating DNA. The amount of RNA was quantitated using a Beckman Coulter DU

530 U (Beckman Coulter, USA).

2.3 Cloning of the partial fragment Gracilaria fisheri L-lectin (GFL) gene

A partial sequence of G. fisheri L-lectin (GFL) was obtained by RT-PCR using primers
PGF1 and PGRI1 (Table 1), designed from available partial lectin sequences of G. changii
(GenBank no. DV963305 and DV962191). A 25 ul reaction solution contained 120 ng of RNA
template, 100 uM of each primer, 0.5 pl of SuperScript One-Step RT/Platinum Taq mix
(Invitrogen, USA), and 1X reaction buffer. The protocol comprised one initial step at 50°C for 30
min and 94°C for 2 min followed by 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 1 min
and final extension at 72°C for 5 min. PCR products were analyzed on 1.5% agarose gel
electrophoresis. An amplified amplicon of 1,208 bp was excised and purified using QIAquick
PCR purification kit (QIAGEN, Germany), and subsequently cloned into a pDrive Cloning
Vector (QIAGEN, Germany). Recombinant plasmids were sequenced by 1%. BASE Ltd.

(Malaysia).

2.4 Cloning of full-length GFL cDNA by rapid amplification of cDNA ends (RACE)
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The 3’ and 5" RACE methods were employed to amplify the 3’ and 5’ regions of the GFL,
respectively using a GeneRacer kit (Invitrogen, USA) and gene specific primers, following the
instruction manual. Briefly, for 5’ end amplification, total RNA of G. fisheri was treated with
calf intestinal phosphatase to remove 5’ phosphates and then treated with tobacco acid
pyrophosphates to remove the 5’ cap from full-length mRNA while leaving a 5’ phosphate
required for ligation. The 5’ end of the treated mRNA was then ligated with the GeneRacer RNA
oligomer by T4 RNA ligase, and then reverse transcribed using the GeneRacer oligo (dT) primer
and avian myeloblastosis virus reverse transcriptase. A touch-down PCR was performed as
suggested in the instruction manual using the Platinum 7ag DNA polymerase, GeneRacer 5’
primer G1 (specific to the GeneRacer RNA oligomer), and Gene specific primer PGR2 (Table
1). A nested PCR was then carried out using the primers G2 (GeneRacer 5’ nested primer, Table
1) and PGRN, following the PCR conditions in the instruction manual. The amplified PCR
products were cloned into a plasmid vector pCR4-TOPO, which was transformed into competent
One Shot TOP10 cells with a TOPO TA Cloning kit. The recombinant plasmids were extracted
and analyzed by DNA sequencing. For 3’ end amplification, RNA was reversed transcribed using
the GeneRacer oligo (dT) primer. The first round PCR was performed with the Gene specific
primer PGF2 and G3 (GeneRacer 3" primer, Table 1). Nested PCR was then conducted with
primers PGFN and G4 (GeneRacer 3’ nested primer, Table 1). Cloning of amplified fragments
was performed as mentioned above. Sequence information obtained from the above clones was
used to design a pair of specific primers, FGF-F and FGF-R (Table 1), to amplify the full-length
of GFL ¢cDNA in a RT-PCR reaction using similar conditions as above, except 1.5 min was used

in the extension step of 72°C. Amplified products were cloned and sent for sequencing.
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2.5 Sequence and structure analysis of GFL

A homology search of the GFL cDNA sequence was submitted to BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/) and EMBL (European Molecular Biology Laboratory,
www.ebi.ac.uk/embl/) databases. An analysis for protein domains was carried out using
Conserved Domain Database software (Marchler-Bauer et al. 2005) and InterPro database
(http://www.ebi.ac.uk/InterProScan/). Prediction of the secondary structure of GFL was analyzed
with SOPMA program (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html)
and a tertiary structure analysis was performed using Swiss-Model (http://swiss-
model.expasy.org) with the crystal structure of mammalian VIP 36 chain A (PDB 2DUR) (Satoh
et al. 2007) as a template. A phylogenetic tree of GFL sequence was analyzed using the

Molecular Evolutionary Genetics Analysis (MEGA 4) (Tamura et al. 2007).

2.6 Northern blot analysis

To confirm the expression of GFL in G. fisheri, northern blot analysis was undertaken.
Labeled DNA probe was prepared using a commercial PCR DIG-labeling mix (Roche Molecular
Biochemicals, USA), according to the manufacturer’s instructions. Primers PGFN and FGF-R
(Table 1), expected to produce a 0.5-kb amplicon and recombinant plasmid containing a full-
length GFL cDNA insert, were used in a labeling reaction. Total RN A samples extracted from G.
fisheri and filamentous green algae (10 pg each) were denatured and separated in a 1.2%
formaldehyde-denatured (w/v) agarose gel. The RNA was transferred to Nytran supercharge
nylon membranes (Schleicher & Schull BioScience, USA). Hybridization was performed in
Church’s buffer (Church and Gilbert 1984) for 16 h at 55°C, then washed in 0.1 x SSC with

0.1% SDS at 55°C. The hybridized probe-anti-DIG-AP complex was visualized on Kodak X-ray
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film after incubation of the membrane with CDP-Star chemiluminescent substrate (Roche,

Germany).

3. Results
3.1 ¢cDNA cloning and sequence analysis of G. fisheri lectin

A 1,208-bp partial sequence (Clone A, Fig. 1) of G. fisheri lectin (GFL) was initially
obtained by RT-PCR, using PGF1 and PFRI1 primers designed from the EST database of G.
changii (accession no. DV963305 and DV962191). Gene specific primers were subsequently
designed from the known sequence for 3’ and 5" RACE reactions. In a 5' RACE assay, a 232 bp
fragment (Clone B) was generated, which contained 168 bp overlapping sequences with the
initially isolated fragment. In a 3" RACE, a 594 bp fragment (Clone C) was obtained with a 152-
bp overlapping the known sequence. The continuous GFL ¢cDNA of 1,680-bp (Clone D, Fig. 1)
was amplified and confirmed that the combined sequences were correct. DNA sequence analysis
revealed that the combined sequences of 1,714 bp included 74 nucleotides of 5'-untranslated
region (UTR), a 1,542-nucleotide open reading frame, and a 92-nucleotide 3'-UTR including a
stop codon (TAA) and poly (A) tail (Fig. 1 and 2). The sequence was deposited at GenBank
under accession no. ACY56710. The entire 1,542 bp-open reading frame encodes a putative
protein of 513 deduced amino acids with a postulated molecular weight of 56.5 kDa, and an
isoelectric point of 5.8. BLASTP analysis of the entire deduced protein sequence showed high
homology to legume-type lectin (L-lectin) or legume-like lectin proteins of many organisms,
such as Griffithsia japonica (algae), Clavispora lusitaniae (fungi), Acyrthosiphon pisum (pea
aphid), Tetraodon nigroviridis (pufferfish), Xenopus tropicalis (Western clawed frog), with

ranges of 30-68 % identity and 47-77 % similarity. According to the rules of predict signal



O J oy Ul WDN P

OO O O OO Ul U OO OO OO OO DR DR DR DS DA DD WWWWWWWWWWDNDDNDNDNDNDNdDNdDNdNRERErRErRERERRRRRE
G WN P OWOWOJdJOUd WNEFP OWO-JOU P WNhEF OOV JOU P WNEF OWOWJOUd WNEFE OWOowJoyUd WDNEFE O

peptide (Nielsen et al. 1997), a putative signal peptide cleavage site between A19 and E20 was
identified from the GFL sequence (Fig. 2). Conserved Domain Database (CDD) analysis
detected an N-terminal carbohydrate recognition domain (CRD), characteristic of L-lectins,
extending from residues 41 to residue 271. In addition, two sugar binding sites (D 126 and G
255), and a metal binding site (D 157), were present in the putative CRD. A C-terminal

transmembrane domain, predicted by InterPro, was located from amino acids 479 to 499 (Fig. 2).

3.2 The predicted structure of GFL

The overall schematic structure of GFL, and comparing of L- lectins from variety of
organisms, are displayed in Fig. 3A. It revealed that the predicted lectin domain and signal
peptide region were found in all sequences. The deduced amino acid sequence of GFL showed
overall 68% identity with the 23 kDa leg-like lectin of the red algae Griffithsia japonica
(accession no. AAM93989), 28-31% identities with the vesicular integral-membrane protein
VIP36, Verticillium albo-atrum (accession no. XP_003001019), and leg-like lectin Clavispora
lusitaniae (accession no. XP_002617077) from fungi. Sequence comparison of GFL with the
animal lectins from the phyla Arthropoda and Vertebrata, showed 30% identity with the
lectin VIP36_ VIPL from Tetraodon nigroviridis (accession no. CAF95369), 29% identity with
vesicular integral-membrane protein VIP36 precursor from Caligus rogercresseyi, and 27-31%
identities with the mannose-binding lectins from Acyrthosiphon pisum (accession no.
XP_001952501), Culex quinquefasciatus (accession no. XP_001843193), Xenopus tropicalis,
(accession no. NP_001136372), Danio rerio (accession no. AAI33154), Oryctolagus cuniculus,

(accession no. XP_002710070) (Fig. 3A).
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Analysis of the secondary structure of GFL using Hierarchical Neural Network (Combet
et al. 2000) demonstrated -sheets structure connected with turn and coil (Fig. 3B). The putative
GFL peptide contained 36% of a-helix, 17% of S sheet, 7% of f-turn, and 40% of random coil.
GFL comprised 21 f-sheets distributed in the CRD, whereas the random coil was abundant in the
structural element, and the a helixes were distributed in the N- and C-termini (Fig. 3B). Swiss-
Model structure prediction showed a similar folding mode and spatial configuration of GFL to
PDB 2DUR Chain A (Satoh et al. 2007) (Fig. 3C). The CRD of GFL had an overall globular
shape composed of a B-sandwich of two anti-parallel B-sheets, and it is noteworthy that the -
sheets occurred predominantly in the structure of this lectin (Fig. 3C). The overall folding of
GFL, which were typically built from f-sheets, connected by turns and loops, created a very tight
structural scaffold. The carbohydrate-binding sites were on the top of the structure and a metal
binding site was on the upward surface of a f-strand, in close proximity with the carbohydrate-

binding sites (Fig 3 C).

3.3 Phylogenetic tree of the GFL
A phylogenetic tree was constructed by Molecular Evolutionary Genetics Analysis (MEGA
4) software based on the L-type lectins from Arthropoda, Vertebrata, Fungi and Rhodophyta (red
algae). The result showed that GFL was closely related with L-lectin from the red algae
Griffithsia japonica glycoprotein (accession no. AAM93989) with 100% bootstrap supported
(500 bootstrap replicas) as expected but had far relationship with other L-type lectin which

idenified as mannose binding lectins in Arthropoda and Vertebrata (Fig. 4).

3.4 Transcriptional expression of GFL
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To determine if the putative ORF of GFL identified by sequence analysis is
transcriptionally active, total RNA from G. fisheri was subjected to northern blot analysis using
DIG-labeled probe derived from a partial GFL sequence, and the results are shown in Fig. 5.
RNA extracted from filamentous green algae was used as a control. Equivalent loading and
integrity of the RNA in each lane was confirmed by ethidium bromide staining of the gel (Fig.
5A). The northern hybridization revealed the presence of GFL transcripts from only the G.
fisheri RNA sample (Fig 5B). The size of the positive band estimated to be ~1.7 kb, which was

consistent with the transcript size predicted from the GFL cDNA.

4. Discussion

The present study describes a full length cDNA of a novel legume-like lectin cloned from
the red algae, G. fisheri, namely GFL by an EST search and RACE techniques. The full-length
cDNA of GFL was 1,714 bp and contained 1,542 bp-open reading frame encoding a putative
protein of 513 deduced amino acids. A search from BLASTP database demonstrated that GFL
had high homology (30-68%) with legume-type lectins (L-lectin) from Griffithsia japonica,
Clavispora lusitaniae, Acyrthosiphon pisum, Tetraodon. nigroviridis, and Xenopus tropicalis
indicating GFL was a member of the L- lectin family. A phylogenetic tree analysis showed a
close evolutionary relationship (68% identity) of GFL with a glycoprotein of the red algae,
Griffithisa japonica. Moreover, they were not closely linked to any clusters of the other known
L-lectins from other species. This suggested that the L-lectin genes from these two red algae
might constitute a novel lectin. Although they are closely related, the primary structure of GFL
was different from that of G. japonica, and that of other algal lectin sequences (Nagano et al.

2005a). Comparing the deduced amino acid sequences of other L-lectins, GFL showed a longer
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size (513 aa) with a long carboxyl terminal chain. This suggested a highly variable molecular
evolution of L-lectin in different species and it is noteworthy that a lectin in a given algae does
not necessarily imply a similar lectin present in closely related species.

Typically, most of the L- lectins consist of two or four subunits, each with a single, small
carbohydrate combining site with the same specificity, and a metal binding site (for calcium and
manganese). Each subunit has a size of 25-30 kDa and is commonly composed of a single
polypeptide chain of 200-300 aa (Sharon and Lis 2002). In the present study, the full length
cDNA sequence of GFL encoded one subunit of 513 aa containing an N-terminal signal peptide
of 19 aa and C-terminal transmenbrane domain of 21 aa. These lengths were similar to those of
other reported L- type lectins. However, transmembrane domain of L- lectins from G. japonica
and Clavispora lusitaniae is located at the N-terminal.  Excluding the signal peptide (19 aa),
GFL encoded a lectin protein of 494 aa with a molecular weight of 54.6 kDa and a pl of 5.7. In
addition, many process sites such as glycosylation and phosphorylation were found in the C-
terminal of GFL, suggesting possible sites of posttranslational processing. Indeed, L-lectins are
generally synthesized as a pre-cursor and undergo an initial removal of an N-terminal signal
peptide. They are subsequently post-translationally processed, that may consist of cleavage
proteolysis, C-terminal trimming, sequence removal, and re-ligation of the original C- and N-
termini (Loris et al. 1998). Thus, the predicted molecular weight of mature protein of GFL may
be smaller or larger than 54.6 kDa depending on the type of post-translational processing. X-ray
crystallography and further analysis by mass spectrometry or SDS-PAGE of a purified GFL can
determine its exact MW and help to elucidate its molecular basis.

The prediction of carbohydrate binding from the structural analysis of GFL demonstrated

a potential binding with monosaccharides as normally shown in L-lectins. L-lectins typically use
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a conserved set of amino acid residues, Asp, Gly (or Arg), as a binding site for monosaccharides
while variable parts of polypeptide are used to achieve specificity (Sharon and Lis 2002).  The
highly conserved key amino acids residues Asp (D126) and Gly (G255) were displayed in GFL
and were assumed to be essential for carbohydrate binding (Sharma and Surolia 1997). However,
the mannose binding site (QDNY) was not present, suggesting that GFL would not be a mannose
binding lectin. Additionally, the GFL contained a metal binding site at Asp (D157), which was
essential for correct folding and internal arrangements of the carbohydrate-binding site (Loris e?
al. 1998). The metal binding site is also crucial for its biological activity as shown in all L-
lectins that divalent cations (Mn>" and Ca®") are required for hemagglutination activity (Sharon
and Lis 2002). GFL also contained the characteristic site of Ala (A125) preceding to Asp (D
126) suggesting the location of a cis-peptide bond between Ala-Asp, which is known to be
stabilized by metal ions (Sharon and Lis 2002). This arrangement is a key event in the metal-
induced activation of GFL. It is important to note that the above findings of GFL were in
contrast to those of other marine red algae lectins. It has been shown that most red algal lectins
have low molecular weight, bind to large molecules such as glycoprotein or yeast mannan
bearing high-mannose N-glycans, and they do not require divalent cations for hemagglutination
(Rogers and Hori 1993). Nevertheless, these characteristics are extended to a high molecular
mass lectin (57 kDa) from Gracilaria Cornea (Lima et al. 2005). However, it should be
mentioned that some high molecular weight lectins (MW > 60000) from the red algae Ptilota
serrata (Rogers et al. 1990) and P. filicina (Sampaio et al. 1998) are able to bind to
monosaccharides such as D-galactose, D-fucose, N-acetylgalactosamine (GalNAc) or N-
acetylglucosamine (GIcNAc) and also require metals for their biological activity. These data

indicate that red algae have a diverse family of lectins, and each has a distinct structure and role.
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Computer analysis of the secondary and tertiary structures also showed that GFL had the
secondary and three-dimensional structures similarly to other L- lectins (Satoh et al. 2006).
These included the carbohydrate-binding sites which located at the top of the protein structure,
and was in the close proximity with the metal binding site.

Over 100 L-lectins have been isolated from seeds and others from shoot, root, bark and
nodules of land plants (Van Damme ef al. 1998). They have been reported to have diverse
function, such as creating a symbiosis with soil bacteria, of the genus Rhizobium, fixing
atmospheric nitrogen, rendering plants independent of supply of external nitrogen fertilizer
(Fountain ef al. 1977), and defense against pathogens by way of lectin-pathogen interaction via
recognizing and immobilizing the pathogens, to prevent subsequent growth and multiplication
(Etzler 1986). This kind of defensive role of lectins has not been clearly demonstrated in marine
algae. However, they have been reported to have a role in recognition and adhesion of sexual
gametes during reproduction (Kim and Kim 1999). Previous studies have also shown biological
activities of lectins from marine algae in aggregation of fungi, bacteria, blue-green algae,
diatoms, dinoflagellates and erythrocytes (Hori ef al. 1996). Additionally, lectin-like proteins
from the red algae, Eucheuma serra and Pterocladia capillacea, have been shown to inhibit the
growth of the marine bacterium, Vibrio vulnificus, and it was suggested that the lectin mediated
bacterial-algal recognition and binding via the specific carbohydrates on either the algal cell
walls or plasma membranes of the bacteria, providing defense for the algae (Liao et al. 2003).
From Northern blot analyses, it was demonstrated that GFL was expressed in vegetative thalli of
G. fisheri, indicating that it is a constitutively expressed protein (Yao et al. 2003). However, in

our study, the function of GFL in defense of the algae has not been elucidated.
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In conclusion, the present study is the first identification of an L-lectin cDNA sequence
from the red marine algae G. fisheri. L- lectins constitute a large family of homologous proteins
that have diversity and specificity of protein—carbohydrate interactions (Sharon and Lis 1995).
Therefore they are widely studied as useful tools in immunology and applications for the
understanding of cell—cell recognition, adhesion, tumor spread, bacterial and viral infection, and
inflammation (Rudiger et al. 2000). Hence, expression and purification of the GFL protein, and
functional analyses will further elucidate its structure/function relationship. Understanding the
carbohydrate recognition of GFL from G. fisheri and its biological activities could possibly draw
a considerable economic attention to exploit novel and useful lectins from G. fisheri, for many

applications, particularly as an anti-pathogen agent.
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Table

Table 1 List of oligonucleotide primers

Name Sequence from 5' to 3' Remarks

PGF1 GCGTCCCACAATGTCCGTGCTGTT RT-PCR

PGRI1 CGCGGATCAGCTGGCCTGTGATAT RT-PCR

PGF2 ACCAATGCTGCGTCGTCTTCCAGTAGTG 3'RACE

PGFN GCACACATCGCTTTCAGGGTCGTTGGAT 3'RACE Nested PCR,
Probe

PGR2 GGAGGTGAGGCGCACGACGTCTCTAC  5'RACE

PGRN TACGGTTGGCGAAAGGTGTGGTGCACAT 5'RACE Nested PCR

Gl GCACGAGGACACUGACAUGGACUGA 5'RACE (kit)

G2 GGACACTGACATGGACTGAAGGAGTA  5'RACE Nested PCR
(kit)

G3 GCTGTCAACGATACGCTACGTAACG 3'RACE (kit)

G4 CGCTACGTAACGGCATGACAGTG 3'RACE Nested PCR
(kit)

FGF-F ACTAACACACCTCCTTCTCTGTCC RT-PCR

FGF-R GCAGTGGCTGAGAGCGTTTTGTTC RT-PCR, Probe
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Legend of figures

Figure 1 Schematic diagram of the cloning steps for GFL ¢cDNA. Clones A-C represent partial
GFL sequences and clone D is a continuously amplified GFL cDNA. Arrows indicate primers.
The entire ORF including poly (A) tail of GFL (1,714 bp) is shown above the diagram. SP and

UTR indicate the signal peptide and untranslated regions, respectively.

Figure 2 Nucleotide and deduced amino acid sequences of the gene encoding GFL from
Gracilaria fisheri. Names of primers are indicated above the sequences and 5'- 3’ is represented
with arrows. The letters in boxes indicate the start codon (ATG) and stop codon (TAA). The bold
letters indicate a putative L-type lectin domain. Italics with underline represent putative N-
terminal signal peptide sequence and C-terminal transmembrane region. The predicted sugar

binding sites are marked by circles. Arrow head indicates a metal binding site.

Figure 3 The predicted structures of GFL. A) Comparison of overall structure of GFL with
related L-lectins from other organisms. Red lines represent the putative amino acid sequences
where the length is indicated on the right end. Purple and green boxes indicate putative signal
peptide and CRD domain, respectively. Pink circles mark predicted transmembrane regions.
Asterisks show predicted sugar binding sites. The percentage of identity and similarity of GFL to
other L-type lectins derived from BLASTP analysis is indicated on the right margin. B) The two-
dimensional structure of the predicted GFL polypeptide. The helices, sheets, turns and coils are
indicated as blue, red, green and purple vertical lines, respectively. Asterisks show predicted
sugar binding sites. Arrow indicates a metal binding site. C) The computational 3-D structure of

GFL. B-sheets are indicated as patches. Turns and loops are indicated as lines. Amino acids
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constituting sugar binding sites are indicated as D 126, G 255 and metal binding site is indicated

as D 157.

Figure 4 Phylogenetic analysis of L-lectin proteins. Accession numbers of the protein sequences
from the GenBank database are indicated. Percentage bootstrap values (500 replicas) are given at

nodes of the tree.

Figure 5 Northern blot analysis of the expression of GFL. A) Ethidium bromide-stained
denaturing agarose gel of total RNA (10 pg) from G. fisheri (lane 1), and a filamentous green
alga (lane 2) B) The blot hybridized with DIG-labeled probe from GFL cDNA (0.5-kb fragment)

M, Perfect RNA marker 0.2-10 kb.
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P-NC-5
Sulfated Galactan from Red Seaweed Gracilaria
fisheri Stimulates Immune Response and Inhibits
White Spot Syndrome Virus (WSSV) Activity in
Shrimp Penaeus monodon

Tawut Rudtanatip', Somluk Asuvapongpatana', Boonsirm Withyachamnarnkul"*®, Kanokpan Wongprasert'"
' Department of Anatomy, Faculty of Science, Mahidol University, Rama 6 Road, Bangkok 10400, Thailand
? Centex Shrimp, Faculty of Science, Mahidol University, Rama 6 Road, Bangkok 10400, Thailand

 The Shrimp Genetic Improvement Center, Chaiya District, SuratThani 84000, Thailand

*Corresponding author e-mail: sckbp@mahidol.ac.th

Abstract

It has been reported that sulfated galactan (SG) showed an extensive range of physiological functions
such as anticoagulant, antioxidant, antiviral activities and immunostimulants. Therefore, the present study aims
to explore the immunostimulatory effect of SG in shrimp Penaeus monodon. SG was isolated from Gracilaria
Jisheri and supplemented to shrimp by using Artemia as a vector. Shrimp were fed with Artemia enriched with
two concentrations of SG (100 and 200 pg/ml) for 7 days and the immune parameters were determined. Shrimp
were then intramuscularly injected with WSSV. The survival rates and immune parameters were investigated for
14 days. The results revealed that shrimp fed with Artemia enriched with SG stimulated the increase in
phenoloxidase (PO), superoxide anion (O7) activities and superoxide dismutase (SOD) expression in shrimp P.
monodon. Upon WSSV injection, the SG-fed shrimp showed higher survival rates than positive control shrimp.

The results suggested that SG isolated from G. fisheri exhibited an immunostimulants and anti-WSSV activity
in shrimp P. monodon.

Keywords: Sulfated galactan, antiviral activity, WSSV, immune parameters, Penaeus monodon

Background The results revealed that at day 14 after WSSV
It has been reported that sulfated galactan (SG) injection, shrimp fed with SG at 100 and 200 pg/ml

showed many biological activities including showed the survival rates of 33% and 53% of

anticoagulant, antimicrobial, antitumor, anticancer, normal control, respectively. Whereas shrimp fed

antioxidant, antiviral and immunostimulants. with Artemia without SG (positive control) showed

Previous studies revealed some seaweed contain SG 0% survival rate (Fig. 1).

Therefore, the present study aimed to investigate the

ability of SG to stimulate immune response and its WSSV Challenge Test

antiviral activity against WSSV infection in shrimp =

Penaeus monodon (P. monodon).

Materials and Methods

SG was isolated from Gracilaria fisheri (G.
fisheri) by cold water extraction. Shrimp were fed
with Artemia enriched with 2 different
concentrations of SG (100 and 200 pg/ml) for 7
days prior to WSSV injection. Shrimp fed with

Artemia without SG were defined as_positive V.4 0 48 8 T &S W I
control. The survival rates of shrimp were Day ahter WSSV challenge
determined for a period of 15 days. The survived T R e e e
shrimp from each group were collected to == Shrimp whth WSSV, with 100 ug/md 36 Shesnp with WSSV, with 6
By s ey aas  oludi i T — |
phenoloxidase (PO), superor:(idc arzf)sn (g‘:;‘d;::ﬁ g 1. l"e.rc Chipges of shrinp survival afier WSSY
superoxide dismutase (SOD) activities. e

All experiments were performed in triplicate. For immune parameter analysis, shrimp fed
Data were expressed as mean + SD and analyzed with Artemia enriched with SG at 100 and 200
by one-way ANOVA. The statistically significant pg/ml for 7 days showed the increase in PO and Oy
difference was required at P < 0.05. activities compared to normal shrimp (PO were
Results, Discussion and Conclusion 343.6% and 1,386 % of control; O, were 212.4%

48
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and 355.6% of control, respectively ) (Fig. 2A and
B). By western blot analysis, SG fed shrimp
showed relative higher SOD expression in gill,
hepatopancreas and lymphoid organ at day 3 and 6
of feeding program compared to normal shrimp.
However, SOD expression in hemocyte could not
be detected in this study (Fig. 3). After WSSV
injection, shrimp fed with SG showed higher levels
of PO and O, activities at day 5 and 10 after
challenge, compared to positive control at the
respective time points (Fig. 2).

The results suggested that SG could stimulate
immune responses including PO, O, activities and
SOD expression and thereby protect shrimp from
WSSV infection. In conclusion, the present study

Proceedings of the Anatomy Association of Thailand
April 27-29, 2011

Day 0 Day 3 Day &

Hepatopancreas

Lymphold organs

Hemocyte

Fig. 3 Western blot analysis showing SG induced
SOD expression in different tissues
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THE ANTIBACTERIAL AND ANTIOXIDANT ACTIVITIES OF RED SEAWEED, GRACILARIA FISHERI EXTRACTS

Kulwadee Karnjana?, Tawut ratdanatip?, Somluk Asuvapongpatana?, Boonsirm Withyachumnarnkul*? and
Kanokpan Wongprasert!

iDepartment of Anatomy and ? Centex Shrimp, Faculty of Science, Mahidol University, Bangkok 10400, Thailand.

Numerous studies revealed that compounds from seaweed possess antimicrobial and antioxidant activities.
Therefore, the aim of the study was to explore the antimicrobial and antioxidant activities of the solvents
extracts from red seaweed, Gracilaria fisheri. The organic solvents including ethanol, methanol, chloroform and
hexane were used to extract G. fisheri. The antibacterial activities of all crude extracts were evaluated against
the virulence strains of gram-negative bacteria Vibrio harveyi using the disc diffusion method and the minimal
inhibitory concentrations of all extracts were determined. The antioxidant activity of G. fisheri extracts was
evaluated using 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, compared with the activity of
curcumin and vitamin C in term of 50% inhibition concentration (IC,)). Brine shrimp bioassay was performed to
investigate the toxicity of the ethanol extract of G. fisheri. By disc diffusion method, all extracts showed active
antimicrobial activities against the three strains of V. harveyi. The ethanol, methanol and chloroform extracts
showed antibacterial activities against V. harveyi as good as that of norfloxacin (antibiotic) but better than the
hexane extract. The minimal inhibitory concentrations of the four extracts were in the range of 75-200 pg/ml.
For DPPH free radical-scavenging test, the ethanol extract showed a better free radical-scavenging activity (IC,,
12.14 pg/ml) than those of other solvent extracts. The activity was closed to that of curcumin (IC, 13.39 g/
ml) but higher than vitamin C (IC_ 4.83 pug/ml). Brine shrimp bioassay test of the ethanol extract showed the
LC50 approximately 4 mg/ml. The results suggested that the ethanol extract of G. fisheri was not toxic, exhibited
antibacterial activity against V. harveyi and could be a potential natural source of antioxidant.
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STUDY OF CIRCLE OF WILLIS USING MAGNETIC RESONANCE IMAGING

S.Melani Rajendran and B.Haripriya

Department of Anatomy Sri Ramachandra Medical College and Research !nsﬁ'tute, Sri Ramachandra University,
Chennai-600 116, India

Anomalies of Circle of Willis play an important role in cerebrovascular accidents especially in cerebral infarction.
With increased incidents of hypertension and Diabetes Mellites,cases of cerebral infarction has increased.
The Circle of Willis and its anastomosis is of great significance when one of the major arteries supplying the
brain becomes occluded. Therefore the diagnosis of intracranial aneurysms and stenosis prior to carotid
endarterectomy is important. 50 patients at random who came to the Outpatient department of Radiology and
Imaging sciences, Sri Ramachandra Medical College and Research Institute for undergoing Magnetic Resonance
Imaging were chosen for this study. The technique used was three dimensional Magnetic resonance angiography.
Also Circle of Willis and its branching pattern was studied in 10 brains of human cadavers. Out of fifty cases, thirty
cases were found to be normal. Other findings included hypoplasia of anterior cerebral artery, internal carotid
artery, posterior cerebral artery and posterior communicating artery. Also stenosis of internal carotid artery and
basilar artery were seen. One case showed ectactic change in the basilar artery. Therefore Magnetic Resonance
Imaging is the most powerful non-invasive method to demonstrate collateral circulation via basal communicating
arteries and to identify hemodynamically relevant anatomic variants of the circle of Willis.
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