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Abstract

A diversity of C-type lectins (CTLs) was coming reported and they are known to
participate in invertebrate innate immunity by act as pattern recognition receptor (PRR). In the
present study, a unique CTL containing lowdensity lipoprotein receptor (LDLR) domain from
Fenneropenaeus merguiensis (designated as FmLdIr) was cloned. Its sequence contained a
single LDLR domain and one carbohydrate recognition domain (CRD) with a QAP motif
putative for galactose-specific binding. The expression of FmLdIr was detected only in
hemocytes of healthy shrimp. Its expression was significantly up-regulated by Vibrio
parahaemolyticus or white spot syndrome virus (WSSV) challenge. The knockdown by FmLdlr
dsRNA resulted in severe gene down-regulation. The gene silencing with pathogenic co-
inoculation led to reduction of the median lethal time and increasing in the cumulative
mortality including the remained WSSV in WSSV co-challenge group. Recombinant proteins
of FmLdlr and two domains could agglutinate various bacterial strains which LDLR domain
revealed the lowest activity. Only FmlLdlIr and CRD could enhance phagocytosis and
encapsulation by hemocytes. Both FmLdlr and CRD except LDLR domain exhibited the
antibacterial activity by inhibiting the growth of pathogenic V. parahaemolyticus in cultured
medium and disk diffusion assay. Only FmLdIr and CRD could bind to WSSV proteins,
envelope VP28, tegument VP39A and also capsid VP15, which FmLdIr had the higher binding
affinity than that of CRD. Altogether, we concluded that FmLdIr contributed in shrimp immune
defense through the main action of CRD in capable of bacterial agglutination, enhancing the
phagocytosis and encapsulation, antimicrobial activity and binding to viral proteins.
Interestingly, ELISA approach revealed that LDLR domain displayed the highest binding
affinity to vitellogenin than whole molecule and CRD. We signified a new function of FmLdIr
that it might presumably act as a receptor for vitellogenin transportation in hemolymph during

vitellogenesis of shrimp.



¥ a

undgueLsung

u

UNUI

% [ & a dlo o a dl dg/ % o
QQLﬂHZ@]’JLﬂ?Hﬁﬂ@VI@’] mmuwmmmﬂnmﬂ%a ARANUNTTHNNTINICLALNTNNTLANA

selflunsemetlaznaneniiuduum  (@dannsiseasusistlsuinalng, 2548) failuiilas

1alnepianglutazmnatseme  Uszma e lan1sWmuImAT A S NN LA LNA WA NI TDLALI

v ' 1% dlta dgl IS~ ¥ .
Aeluszuumwuiuld  failsumnzdedlulssmalngluaneiae  flaane (Litopenaeus

o
a IS '

v
n
dlv o dld o U a
NfaNaNsn (Penaeus momodon) NinsAALIanalsaauiliinanan

LA
vannamei) TLITHNILNL
anasatenn Tldusentsawu uidefesvesisrnpefiesindinneudnugainslsume &

AENNITRNaIAT wiilaEe wilisnaignndiuazsasAfesndnfianainn annisifieanslyle

P4

al = a v al”d a 1
ﬂﬂﬂ’ﬂﬂﬂuﬂlﬂﬂi‘ﬂﬁl ui@mzﬁmmiimzmmimm e UNINEUNNTINALIATELN AR A (EMS,

q

. % dl dy d“l a aal o (%
early mortallty Syndrome) Gﬂﬂ\‘]QQ?JWQVILW'WzL@ﬂQ sﬁ\‘]Lﬂﬂ”ﬂ’]ﬂLLUﬂV]L?ﬂLL@$1Q?@I?ﬂmqLL@\?C’VN"]J']Q
(white spot syndrome virus, WSSV) fiausifinel (Fenneropenaeus merguiensis) @aiilufiafiasniu
@ & = Py A Ny Wy Py
‘ﬂﬂx‘lﬂ?tmﬂ%ﬂm@L‘ﬂu‘ﬂﬂ‘VINL@‘ﬂﬂ‘wuﬂ"ﬂ@\‘lﬂlﬂ@’mﬁ‘ﬁ‘mmﬁ‘LW’}:L@H\‘lQﬂ Lu@ngﬂﬂmﬂimLﬁHUL?ﬂﬂ

fununisangnisnssfieuaiisanaeslutenuanisoisyiugiva i lunisuaniald  (qwa

=2 9y a o o e 1 o P W v Ay = > o A
@QLLHNL]JH LA ST elTF 1 W‘Nﬁ]QH, 2543) Q\‘lLL‘H‘LIQE‘V]L@ﬂﬂ‘lﬂﬂﬂuﬁmflm@ﬂﬂ’ﬁ‘uﬁ"]ngﬂﬂfa”qu‘lqmmm
= 1 o = o a g 1 d” % 1 o ] o v

HUAUIANTINU (LNﬁ VBNURAIN, 2543) LLmﬂq?L@ﬂ\iQQiuﬁ‘zUUMuqLLuuNﬂ@\‘]N@ﬂﬁ‘ﬁmquluﬂq?

a a a a J a P a A o o o dl 1 4
L@ﬁ‘fyLﬁmIﬁl@m@\T NAAINLATEA BRLLLE LL@Z@WNWT@W@I’E@i@\‘]WH LLUﬂWL?ﬂ@WﬂWHQM@ﬂWﬂ@lﬁ

v v
A A

watsalufslutlssmalnama Vibrio species Tnaanazi@ia Vibrio harveyi Wafialffuimaiiaziin

1
o a

Hulsaizasuaauazmalungn sniadaillaianunsszunaniniifannlonetinaguussha WSSV

tlaqiiulsaszunaasiianaliifinpnuidamesiagpamnssuniamizidesiaiiuedeann  ns

= o

=2 = dld dl ¥ o t4 [ d’l 1 1% =2 o I
ﬁﬂ‘]&ﬁtﬂﬁ‘ﬁ]uﬂmuvm’mLﬂﬁl']?]@\‘im_lﬂﬂiﬂﬂ’]ﬁ‘ﬂﬂ\‘]ﬂuﬁlu@ﬁ@’m L‘ﬁ@ﬂﬂiﬁ‘ﬂﬂ‘\i AINAMNANATYABNT

v
o A

da/ % v a o K Y o =2 ay 1% =X dll |
NAMATNGN um@mﬂwum@uﬂﬂﬁﬂmi:uuqm@mummqqmmuma%LﬂuLmeﬂumi

Yasunsisdanalsasall

=b_

% 1 1 o =) | o 1l o o A a A
fleaglunquaiainmeay (crustacean) iudndlafinszgndunds Hszuulnaneuifen

= o

Beandn #lu@andl (hemolymph) uuniudla dnalnnistlasiunuesiBandnscuunANTunaus
al ¢

ALiA (innate immune system) Liailasiuq@uvas (microorganism) Ayngn natnnisilasiu

AULE9TD9ATALAT EusINTanAnsruug AN uaesuuy MHunsruugiAntuneduimas

a

(cellular immunity) T981AN1991919 00908 E LN bE9T (hemocyte) TuANTELAUAITNAUAY

CE

(phagocytosis) N131inTuA4a (nudule formation) WazN13AN&aN (encapsulation) AAUNTEN

o

v i
yngn ludiu AfaemudedssuugAANTULLLAN91Y (humoral immunity) Ttlsynaudoalilsfi



NaNeTNA (Soderhall and Cerenius, 1998) luaninzinfasliBuintesnn warllsfumantl

nI/ = al d” = a - dl v & Aa a dlg/ = v ay o
RLONUAIRANNINLTN N NN I UETNANLE BAAINANITAALTIANTDINNTEAY  FEUUNNANNY

a u

wuuanstngnnszfulalaewaunannlssd (polysaccharide) NifluasAlsenauuuiamadaay

a o !

aunsed LU lWm1-1,3-nauAL (B-1,3-glucan), lipopolysaccharide (LPS) TER peptidoglycan

oD

v v
o 1oa K

Muldsfunanaianilulamsmuuiomadinanil A9gnizandn pattern recognition proteins

v oA

(PRPs) (Medzhitov and Janeway, 1997) @alunurmneadeslussurilesiuniaaialudmng

IS a

uazliiinszandunas PRPs Hvianaailn wuszuuTsiusasandina (prophenoloxidase) @gn
o A a = A A = . o )

nezfiulag LPS annuuAil 38 Wiailuan-1,3-NquANAINLUATIETEYTe fungi N199LITMIN
s a - \ e ° | P v a . =

avfUsznauiattasuat iy PRPs tinlilgnienszfuliiiin opsonin w3anisaananiya

o= % . o v a aI/

(granule) aasutaa sy lavilufiaung (crayfish) (Barracco et al., 1991) inliidin1snasssuulils

Auaasandind dadasuliiflueulafussaeandng (phenoloxidase) NMiiluwanlafluinnig

Auaszimaniiu (melanin) 39l dudanisiasyaesqaunsdyngnsielil (Soderhall and

Cerenius, 1998)

o ¥ o =

waAdy (lectin) 1lullsfin PRP afianilsndunumlussuugifniuaesfieiazaiam dey

waRwduldsaundusnmaziuaniiulawmunaiugadaeaqdurad LF Wuwmni-1,3-nguaw

=

A o v o a 1 . . dl 1 o o a e
e LPS WWIMLGﬁ@@Lﬂﬂﬂ’]?LﬂqﬁﬂQN (agglutination) PNRTIILNIAANITLYNTNTBIFAUNTE
A
N

pad)}

= <
A Lou-2

NN

seun U ARuluENAN e BTiln TedaunInTAINAIIZFeNANg
Fa (N-acetyl group) Tnailannznsnliaz@n (sialic acid) [MulaARWANTTN (serum) 17
& = a o

na1ain Wiwuansanelsalufianizngulé (Ratanapo and Chulavatnatol, 1992) £3dtiuaz Ay

NULAARUNRN

ee

pansalaaz@n (sialic acid-specific lectin, LSa w3 FmL) TugluanNaaafiy

'
aa a

wrflnaduanian (activity) INugeliunaauassdanisinmanalsn V. harveyi Laziansiu LSa

a a

tgraanunsavinuuansanelsafianianisnizng wiliinaseuusnselinelsafs uaneda

o o

ununinendesiugifuiunesansiu (Rittidach et al, 2007) udidnisanunluszauluianasas

TsAulamfiu LSa rasfjsuasaiin uadsldinaisnenunisiaauiniansu LSa tHd115a sauis

o ¥

fadtes Mlilideyasziutuaenansu Lsa luanizdninuilsuimllshuresansiudias

u

= A o = 1 =2 =2 o A o Yo ! = o
unlualuaniaasafammauaNAan1sANEN mmﬂma?muaumimwmﬂma‘ﬁﬂma?mu

a

a o A

B TaqifuiisnenunisAnentiuaaiulufanaaaiadoulnniiuiansu

q

TsAurevanfuLZgn
WU C (C-type lectin) TaRANUULSAUAY Ca” (Ca”" binding motif) wazilaunanana5iule
LA 39N (carbohydrate recognition domain, CRD) desinlaauldannsu (hepatopancreas) £l
a 1 d”d 1 a &9/ 1 % a A % a
WWARWIATRANITLaAsaRNAUANEIAaN sAAmanalsafls Hinaesnaaulufsanoau

(Fenneropenaeus chinensis) waz lufisuaiingwinduinuiuaaiuuuy C luaadsiulad (Liu et



al., 2007; Senghoi et al., 2017) l@ARULLL C { CRD 1, 2 #3aN1NN91 2 AU LU uLa AR

WUU C3e FmLC uay FmLCT 10sfjsuaiiog NE3dunud1d 2 uas 1 CRD AMNANAL

a

©

(Rattanaporn and Utarabhand, 2011; Thepnarong et al., 2015) Waniuilaannnisilawiy CRD
uda eARKTeATaTauglsznaudaa lam sty N lhanRulslaN unnFAeiis 1 LaARY
ATl TuEw (fibrinogen domain containing lectin) WU lWLNSANELA (horseshoe crab
Tachypleus tridentatus) 381031 TLs-5 @9 Gokudan wazmne (1999) &N 1A ammu TLs-5
13gnsaNFINANA Wudnd 2 form Ae TLs-5a Uay TLs-5b Gauen lilansu TLs-5 13403 Usniou
3-4 RAANTN ANNANEN 500 NadARNT WaviNaAn®1Aqeda Western blot WU TLs-5a Jusi 3iqla
waran b luansznwy TLs-5b w1z lualu'lasl (Gokudan et al., 1999) luilAtnuuTs1e911
guanRUaNTNANaNN CRD waz low-density lipoprotein receptor class A domain (LDLR) Tag
~ o - P = o o o o

Annsuansaanyingaluaasdiulasf uazdunuininasdasiunisfinuladanalsa Wssv
slu’rj\‘lﬂ‘;lm (Kuruma Marsupenaeus japonicus) (Xu et al., 2014) §9ldis189 1 Un 1N L a AR

P o o pry ! . <

A uATinRU 9 sNieieuiiog 1iasain WSSV nalsassunm USABNINIZIALNTNNELA
ananiafennnlulsa EMS Tassnisdeiiasaulanaziaautivaamuuiy C aiaiindlamu CRD
wa¥ low-density lipoprotein receptor class A (LDLR) luluiana annumagdaiulaiassfisuaiia

'
o P

A = Aad 9 o Ay a o o = o = a
LWﬂﬂﬂEqUWUqV]WLﬂEQﬂﬂQﬂU?ZUUQNQN usﬂﬂﬂL@ﬂmu"ﬁu@ulf]ﬁj‘ﬂuLWEUﬂuﬂuL@ﬂmuLLUU Cn

a

welaaulfanduresfisatiapeniu

ko

. o b4 o a o & o

a v a =2 =l a A 1 aa
Wasannidse i BuAnwn lsRuinaadasiuniswsuiusaaciale (lhmaladiiu) wag

Q 4 3

%
v o o/ |

Tsmunineadasiunalnnisilesiunuesaesfiuaiioaatinesiaiiosiausll w.a. 2541 (Meunis

o v % da/ d! v a o 1Y 2 | a A dJ
‘lﬂfl\ﬁl’]')L?JWN’]LW'WL@ENIHU?ZLVI ﬁyLVlﬁl SH\TUﬂ']m']ﬂ’]ﬁ‘ﬂ’\ﬁWJ\‘i'ﬂQQLL‘T]U']EI@W@LTJ%@T’WI’]\TL@ﬂﬂﬁu\ﬁ

'
Y v a

P0INNIzIAEN W Lanaa Ry uaesnafialsaszuinattawan msziilufeiiasiivaes

q

e uazanuelifisnafiialsaszun EMS uda) Inefadanuanduiugssndnuaniuuazloma

Taatiy (Utarabhand et al., 2017) 3aui9ldAnununaaalilsfiy PRPs luansunvanaainng

o

ununluszuugiAniuresfauaiiovtinevuauassenisinaanalsnfis anvidu wulad

= a 1 1 = . Yo a o ] a dl =®
Nuaaaandiag (@qiuﬁxmwmﬂwu manuscript) LL@Zlﬂ?UVAHNM’]QVIH’]@ELLV\‘]‘I]’W[;‘]L‘W‘ﬂﬂﬂHW

[

ununnaesllsiuduaminausaanlasuaziuni-1,3-nguau (LGBP) NaaudusdsAanIsAniEane

Tealufiausiiag (Chaosomboon et al., 2017) sauvivianfiy LSa uazdiulaafuwuy C el

o

a o ai ay o % [} % a al o a o dgjd -dl v
AsungafupiAniulufuaiiteasuanysalluisriameaiuy  Iasanisddaiasanlanasld

q

favafisanilusnadnelunising TnadandszasdnazAnuiuanaseiullfuuaziuresansiv

aianHTaseasetawmuneuluanaissiuaalam CRD uaz LDLR Tnazandadululasanig

Hd8u FmLdir Ingazlnauguaesansiu Ldir siatanuaadaialaizesiuation wazldmailn



27
a a A

Pi1lscAnsn1wAe RNA interference waznanlisiugnuas (recombinant protein) a998uilLiie

' '
o o A a o

AnsunumninaadesiussuugiAniunnauauessialofana WSSV nan1sadad lfazintil

= dl dl 4 o ay o a a dld E4 dl ! o
WiguauunuinnneadesdussuuniAniuaestanfusianilaseas sy was

a qQ

~ a Ao ! A .o o=y - o A
Llﬁ\ﬂULWﬂﬂuWU’]Wﬂ@\‘iL@ﬁmu‘ﬂmLLV@\‘]ﬂq?LL@@\1@@ﬂwmqﬂﬂuﬂﬂluvﬁ@@aiﬂisﬁmLL@ziumUVﬁ‘ﬂiu

FluaufAmeAnIniney (Rattanaporn and Utarabhand, 2011; Thepnarong et al., 2015;

v
[

Rittidach et al., 2007) 29N 9ANHIN1AAU AL E AR RLANTAaN1wTe1n iR Aane

o

Tem wssV Tufisuating uardfjdusiudans FmLdir dulamalaaiiy udludaqiiunismnziaeafs

2] di o 1@ Aa ! '3 Y Al ¥ =2 4 o ¥
watiaaiiagnarunssudsliifunfion uiesdaauinlaannisdnenalnnistlasiunueclufs
wrfloanvianae Avnldlddufiaanalisan TnalunnliasdrauinansnTilsaunnasdasiu

u

o

sruunRNANAULefauniiaeh

1% o

1 1 dl 1% a a o 1 Szdl
ANTNIBEN rﬂ@Lu@ﬂuq\mummmnummﬂm LL@ﬁﬂ'}’]Ng‘W1®@5W

o [ % ]

TidinlaunumresariulusruuniAniusasiauInay Gsaziiludayadiqadouniiainllgnng

u

oA

a % v [ % o & . . dl A

Gauinalnnisfesiunwaslufieuuuendaaad (cellular immunity) 8RN E@aN 91T
WANGANSANYRANAURLLAT9TY (humoral immunity) TUALANHILNLINAITAINIUTRIUAARY
nlriuasitlsnu PRPs alinauluanmiivesfieuaiioalluga wetimenzainnudn TeRusing - lu

aa

= = ‘o = ‘= o . &4 A v o @ 2o dny @ -
ZNN‘T]'J[F]PLMVH\‘I’]HLWEIQ ] WANNNINNUTINUTRLTAN TN 1 muummm@mwimuﬂuﬂiﬂmu

a o

panistlsyeng Ideuisandnsn lufsuatiadunismiziaasisinasallluawan

ngilszaeAaninisiag
a4y @ = a aa o .
1. WeE5719 cDNA @NeFANTaseanREnN iAW CRD wazlatuy low-density lipoprotein
receptor (81 FmLdlr) aanfisuaiieg uazAnmiantimaesg Ldir
A = ~ & 4 v o
iWWeAnEIN1suanseanaedEy Ldir lulietiareafjeuniiay

WWeaAnwHanImBeatinfaadanelsafssanisuanteantesdu Ldir lwfsuaiiee

P
b

o

\WWNBANHILATDIN197 RNA interference slanisuansaanaesiv Ldir lufeunioe

o~ 0D

WadaimapililsAugnuanaeaanfu Ldir (Recombinant lectin, rFmLdir) An&w Ldir

ANeLAN Lazanniami CRD (rCRD) wazlaLNy LDLR (rLDLR)
< =

A o g a a = = o
6. LW@V]WIMIﬂ?mu@JﬂN@NU?@‘VIﬁ LL@::ﬂﬂ‘]:M‘LI‘V]‘LIWI‘V]Nm’m’mﬂ'ﬂ\ﬁﬂ?mugﬂN@NVN@’WT@LNL&



GE

Tunsfinend EleauEuaaiuuy C 1aluafidsznaudaslaimy lowdensity lipo-
protein receptor (LDLR) annfjauaiiag %3097 FmLdir %qﬁmamﬂﬁ@

1. u FmLdir srediaiilaauliussnangag LDLR 1 Towu uasdl CRD 1 Towu Gofl 1
QAP motif isudmnzsianuaning wunnsuaneentesiiu FmLdr lewnsludllsfesialng
nauamseentesduiignnaziuetnanniaenswiiaaingag  Vibrio parahaemolyticus e
white spot syndrome virus (WSSV) n19 knockdown &4 FmLdir 28 dsRNA aANITLARIBaN
eciiuedneguusy  wazdlewilaaieeugienderalsanuinfunnasnnuaniaiy  saaiany
WssV wiaeatlufnguiian WSSV

2. Iﬂ?ﬁu@uﬂmuﬁmﬁmmn FmLdlr (FFmLdir) uazaesiniui (fCRD Uaz rLDLR) #1319
nlfuuafidevanesianizngn Tnawwdn LDLR Hueaidfisngs wnnz Fmldlr waz rCRD 7
aunsnnszfulifanlaiiia phagocytosis waz encapsulation 16 99074 rFmLdir Uy rCRD
¢ini8u rLDLR H antibacterial activity Immﬁufamam“}m@uimm V. parahaemolyticus Ay
medium KazlNNTIATIZRLLL disk diffusion assay 15 uﬂﬂmﬂﬁ”lﬁmﬁ: rFmLdir w8 rCRD
anunsafuRUlsfiuaes WSSV agauiiily envelope VP28, tegument VP39A uay capsid
VP15 Tg FmLdir fanasamnylun1sdusnnndt CRD arnuansisainani agy/ldsn FmLdir &
NN UITULNRANTY8N RuLUnLImn1siieumanaeslam CRD fapaugnansalums
Lﬂ’wﬂ@:mmﬂﬁﬁfﬂ ﬂ’]ﬁ‘ﬂ?:ﬁu phagocytosis, encapsulation, antimicrobial activity Wazn19auUiL
Tshiuaeslnia

3. anmislinaiia ELISA dlumsseuafousniinudntawu LDLR HAHNANNZEY
lunssuitlamaladiusnnndnaaiwidluanaitelaum CRD thdduanfu FmLdir 814w

2 dl | o o ] aa 1 = a o J = o aAa dl
wihdlussulunnsaudslanalaatiusnualuauillusznandinnsdaamzdlamalaativinanng

Wenunas g0 laluf



LANA1SDI9DY

T TRUASY, 2543, ﬂﬂ?LEyﬂdﬁdLLmﬁQHLLUUW@Ju’] nRtyyaulneg sannluuwazuendaia
%74, 9198134 ASTN 11(131), 5-16.

anpnIslsznauiedssmalng w.A. 2548 NTNLTTN NIENIIUNWATUATAUNTDL.  NFUNNL: NIN
IEEAN

qnai SeudinT uazduimi W, 2543. nauFulLLAN AR IR dR e desi
axaataneusueting lutefudnEa, mnsansdndiin 11(132), 37-44.

Barracco, M.A., Duvic, B. and Sdderhall, K. 1991. Cell Tiss. Res. 266, 491-497.

Gokudan, S., Muta, T., Tsuda, R., Koori, K., Kawahara, T., Seki, N., Mizunoe, Y., Wai, S.N.,
lwanaga, S. and Kawabata, S.-I. 1999. Horseshoe crab acetyl group-recognizing lectins
involved in innate immunity are structurally related to fibrinogen. Proc. Natl. Acad. Sci.
USA. 96, 10086-10091.

Liu, Y. C., Li, F. H., Dong, B., Wang, B., Luan, W., Zhang, X. J., Zhang, L. S., Xiang, J. H.
2007. Molecular cloning, characterization and expression analysis of a putative C-type
lectin (Fclectin) gene in Chinese shrimp Fenneropenaeus chinensis. Mol. Immunol. 44,
598-607.

Medzhitov, R. and Janeway, Jr., C.A. 1997. Innate immunity: the virtues of a non-clonal
system of recognition. Cell 91: 295.

Ratanapo, S. and Chulavatnatol, M. 1992. Monodin-induced agglutination of V. vulnificus, A
major infective bacterium in black tiger prawn (Penaeus monodon). Comp. Biochem.
Physiol. 102, 855-859.

Rattanaporn, O. and Utarabhand, P. 2011. Molecular cloning of a C-type lectin with two CRD
domains from the banana shrimp Fenneropenaeus merguiensis: Early gene up-
regulation after Vibrio harveyi infection. J. Invertebr. Pathol. 106, 196-204.

Senghoi, W., Runsaeng, P. and Utarabhand, P. 2017. FmLC5, a putative galactose-binding
C-type lectin with two QPD motifs from the hemocytes of Fenneropenaeus merguiensis
participates in shrimp immune defense. J. Invertebr. Pathol. 150, 136-144.

Soderhall, K. and Cerenius, L. 1998. Role of the prophenoloxidase activating system in
invertebrate immunity. Curr. Opin. Immunol. 10, 23 — 28.

Xu, Y.-H., Bi, W.-J., Wang, X.-W., Zhao, Y.-R., Zhao, X.-F., Wang, J.-X. 2014. Two novel C-
type lectins with a low-density lipoprotein receptor class A domain have antiviral

function in the shrimp Marsupenaeus japonicus. Dev. Comp. Immunol. 42, 323-332.



NMANUIN



