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The limulus clotting reaction 

Sadaaki Iwanaga 

Kyushu University， Fukuoka， Japan 

Our biochemical studies on the hemolymph coagulation-complement 
system using Iimulus indicate that the circulating hemocytes contain 
at least four serine protease zymogens and one clottable protein， 
coagulogen， which .constitute a cascade triggered by bacterial endotoxins 
and (1，3}-s-D-glucan. We also found several antimicrobial substances， 
tachyplesin peptides and anti-lipopolysaccharide factor， in the hemocytes. 
These clotting factors and antimicrobial substances are released into the 
hemolymph in response to Iipopolysaccharide， where they cooperate in 
immobilization and killing of invading microorganisms as a host defense. 

Current Opinion in Immunology 1993， 5:7←82 

Introduction 

UmulllS， the horseshoe crab， has an endOtoxin llipo・
polysaccharide (印S)].sensitive hemolymph coagularion 
cascade thought to be one defense S)'stem against invad-
ing microorganisms [1，2-・，3--.41.Gram.negative bacte-
ria contaJn large amounts of LPS in the outer mem-
bmne. ¥X'hen limulus is infected by Gram.negative bac-
teria， 5uch ぉ Vibげ~O cbolerae， hemocyt白 circulatingil1 
由ehemo伽nphrecognlze the' baeteria and responses， 
including cell adhesion， aggregatlon and degranulatlon， 
rapldlyoccur [2・・].Following degraoulation of山eIarge 
granules in hemocytes， hemolymph coagulation is initi-
ated by白egmnuJar componen回 {3..，4-7].Several CQ01-
ponen凶 Z悶 odatedwith this coagulation reaction have 
been purified and reconstitution experimen回 usingthe 
purified clotting factors. suggested to us a αscade. t}'Pe 
of reaction [4]， as shown ln FIg. 1. In dle prlぽ nceof 
l.PS， an LPS.sensitive serine prmease zymogen.J... factor C; 
is autocatalytically activated.η1e包tivefactor C men ac-
tivates zymogen faclor B to fac[or 8， which 5ubsequently 
activutes proclotling enz卯ileto clouing en勾叩e.The re-
sulting clOtting enzyme converts soluble coagulogen， an 
1m吃rtebmtefibrinogen・likesubstunce， to an insoluble co-
agulin gel. uke the mammalian coagulation and comple-
mem S}'Stems， d1is a国cadereaction is propagated by 
limited proteolysis. On the other hand， d血1elysat，恒.efrom 
tI向he児eh同1碍emoC]叩吃匂 i脂skI10wn tωO陀悶sp仰。n凶仁dω(ω1，ω，3必3

coagulin gel [4]. Because (l，3)-s・O-glucanis a major 
cell wall constituent of yl回 stand other fungi，出isαs-
cade r回.ctionalso seems to play an important role in d1e 
biologiα1 defense mechanism. 

鎚玖wella泊StωO印S.Tl山 (l ，3)-ß.D.glucan~sensitive 司怒tem
a1so activates the proclQ!ting en勾，'methrough a glucan. 
sensitive factor， facror G， resulting in the formation of 
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Fig. 1. Hemolymph coagulation cascade system in limulus (Tachy-
pleus tridentatus). See text for details. 

Function of limulus hemocyte 

The limulus hemolymph con回instwo types of cel1s， gran-
ular hemocyres and C)喰nOC}市es.Based on cell morphol. 
ogy， therc appears to be only one type of hemOC)砲 in

Abbreviations 
EGF-epidermal growth factor; L-Iarge; LDL-Iow density lipoprotein; lPSーlipopolysaccharide;S-small; TGase-transglutaminase. 
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出esystemic circulatlon-of.the adult.alUmal， the so-called 
granulo"eγte oranleb∞yte {2--ム丘8“]• 
This cell is an oval， plate-shaped strucrure， 1う-20μmin its 
longest dimension. Fig. 2 shows an electron micrograph 
of the hemocyte isolated from ]apanese horseshoe crab， 
Tacb)pleωt1'identatus [8・・]. The cell conrains numer-
ous dense granul回 cla邸edinto two major types-Iarge 
(L) and small (S) granules. The Lgranules contain at least 
20 protein componen凶includingfive dotting factors and 
one antimicrobial factor (anti.LPS factor)， whereas the S 
granules contain exclusively an antimicrobial substance， 
named tachyplesin peptide， in addition to six majoc pro-
tein componen臼.After treatment wi出LPS，the L granules 
are released more rapidly than the S granules， a1though 
almost all granules are finally exocytosed. This exocyco-
sis is associated with clot formatlon， the process. being 
complete within 90 seconds. The dot Is‘softer由加
marnmalian fibrin clot and contains coagu1in g~ gener. 
ated from its precursor， coagulogen [9]. 

日g.2. An electron micrograph of granular hemocytes showing 
large and small granules. 

、

、-

timulus clotting factors 

Coagulogen 
Among the clotting factors so far found in the hemocytes， 
the clouable prOlein， coagulogen， has a functional simi-
larity with vertebra[e fibrinogen and is known to play a 
cent悶1role in dle limulus clottlng reac[ion (Fig. 1). In 
the intact animal， a soluble preωrsor of this protein is 
absent from出eplぉma，but inst回d∞，agulogenis se. 
questered in the， C)屯oplasmicL granules of the hemoC}吃:es.
Granule exoC}司osisreleases coagulogen into the external 
milieu. The extracellular clot is composed of fibers of [he 
protein， named coagulin gel. The conversion to a gel is 
mediated by a clotting en可mein the hemocytes. Co~gu­
logen cons旭凶ofa single basic polypeptide chain and has 
a calculared molecular mass of 19.7 kD (土50)[9-12]. 
This protein con回insthree segments， A chain， peptide 
C and B ch山.The clotting en勾rmecleaves the Arg-Gly 
and Arg-Thr linkages， both located at the amino~termi-
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nal region. The ArgーGlylinkage cleaved by the clotting 
enzyme is the same type as that cleaved by α-thrombin 
in the transformation of mammalian fibrinogen to fibrin. 
The amino acid sequenc白 offour coagulogens isolated 
from the hem∞ytes of Arnerican (Limulus polyphemus)， 
]apanese (T. triden.tatω) and two Southeast Asian (T. gi-
gasand Carcinoscorpius l-otundicau似:)horseshoe crabs 
have now been established [久10].In addition the cDNAs 
for two of them (L po/ypbemus and T. tridentatus) 
have been c10ned {11，121. Upon gelation of all the co-
agulogens by a limulus dottlng en勾引le，a large peptide， 
peptide C， is released from the inner portion of the par-
ent molecuJes. The陀sultinggel consists of an A chain 
(18 residues) and a B chain (129 residues)， which a陀
bridged by two disulfide linkages. The overョIIsequencω 
of dle four coagulogens， comprising 147 residues， have 
considerable homology， particularly in the A-and B-chain 
regions. Surprisingly， 73-92 per ceot of the sequences in 
these regio郎 con凶inthe same amino acid residu田 in
identica1 positions and homologies are found along the 
entire molecules. In addition， 16 half.cysteine residues 
(a Cysteine residue linked. [0 another cysteine residue 
by a disulfide bond) of the four are in the same posi-
tions in出esequences， sugges血gthat出eyare paired 
in the same fashion， and thus出atthe molecules have 
vely simi1ar conformations. In contrast， the sequence 
homology of the peptide C region is less than d1at of 
the A-釦 dB-chain regions. The homologies of出epep-
tide C regiori in four coagulogen speci田 amountto 
aproximately 43-57 per cent of the structure. It is of 
interest that coagulogen appears to contain anα-hell-
ca1 region (comprising 14.9 per cent of the molecule) 
exculsively around the peptide C segment民1聞記dby 
the c10tting en勾rme，sugges也19that there is a marked 
conformational change in the transformation of coag-
ulogen to coagulin gel. On the other hand， the s-sheet 
(comprising 24.6 perほntof出emolぽule)，reverse・runl
(comprising 29.7 per cent) and coiled (comprlsing 30.9 
per cent) structures are common1y distributed in the B 
chain se伊1ent，suggesting that it is a s-type pro陪in[9]. 

Proclotting and clotting enzymes 
A c10tting en司rmethat ca回lyzes出etransformatlon of co・
agulogen to coagulin exists as its zymogen form in the 
hemocycω[13 L This proclo.!!lng en可meis activated 
by both factor B and factor G (Fig. 1)釦.dit Is a sin-
gle ch剖ngl}'coprorein with an appa~nt molecular mass 
of 54 kD. Upon activation by factor B， it is converted to 
a (wo chain. active form， clotting en勾me，composed of 
a light (L) chain and a heavy (H) chain， with molecu-
lar masses of 2うand31 kD， respectively. The clotting en-
勾'rnecleaves two bonds in coagulogeri [0 yield a coagulin 
gel. Thus， proclotting en勾me/clotting en勾meseems to 
be an invertebrate prothrombin/α-thrombin counterpart， 
since both catalYze a final step for gelation. The proclot-
ting en勾引~le is compos氏1of 346 amino acid residues 
wi出 amolecular mass of 38.194 kD (i.e. the molecular 
mass not including the carbohydrate moietles) (Table 
1). The cleavage 話teassociated with出ezyi.nogen acti肉
vation is Arg-Ile (residues 98 and 99， respecrively)， the 
sequence of which links the carboxyl-terminal residue 
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of the L. chain and the amino-tenninal residue of the 
H ch剖n.The H chain of the proclotting en司叩e1s 
composed of a typical structure of aserine protl切符.
The locations of four disulfide.linkages in the H ch剖11
are the same as 出osein prothrombin and clotting factor 
X [13). The entire sequence of the H chain correspond-
lng to the serine protease reglon shows a dose similariry 
with that of human factor Xa (34.1 per cent homology). 
It contaIns aIso the His-Asp-Ser (residues 143. 199 and 
297， respectlvely) triad known to be theω凶戸ictriad of 
serine proteお白.The substrate binding site correspond-
ing to serine (residue 189) in chymotrypsin numbering， is 
aspa凶cacid，出erebyindiαtlng出創出isclotting en勾叩e
has a typical t1ypsin-like specificiLy. The amino.temlinal 
portion of the L chaln consistS of a novel disulfide-knot. 
ted structure. This structure forms a 'clip-like' shape 
consisting of a discrete domain， the amino tenninal L 
chain portion ofwhich showssequen~e homologywith a 
DrOSOJ治ilaprotein， serine protease eastt;r p閃ωrsor..Al・
though the significance of these resultS is still unknown， 
they may sugg創出atthe ・clip-like'domain found in bodl 
limulus proclotting en勾meand factor B (described be-
low) is one of the common structural elemen凶 inthe 
serine protease勾叩ogenof invertebrate anima1s. An im-
munohlstochemical shldy utilizlng anti.clotting en勾rme
antibody has demonstrated that血eprodotting en勾me
is P陀記ntln the L granules in heniぽ ytes[8"，131. 

Faclor B 
甘lezymogen factor i3 is activated by factor C， ¥¥11ich 
u1en， in tum， activates proclotting en勾叩e(Fig. 1). Fac. 
tor B i5 a slngle chain glycoprotein with a molecular mass 
of 64 kD (Table 1). UQ.on activation of the zymogen fac. 
!Qr B by active factor C， it Is converted ii1to active faclor 
B， which is composed of an H chaIn (32 kD) and an L 
~h3.!n (25 kD)， With ule release of an activation peptide 
(14). Recently， we su~ceeded in determining the cDNA 
sequence of zymogen factor B. It consists of 400 amino 
acid residues with a 23 residu.e signal sequence. The ma-
ture prOtein is dlt凶 composedof 377 amino acids with a 
αlculated molecular mass of 40.571の.The entire創nino
acid sequence has a similariLy with that of limulus pro-
douing enzyme. In particular， the sequence Identiry of 
the carbo"-l'l tenl1inal serine protease domains betweei1 
factor B and proclotting enz戸neis 43.9 per cent More-
over， bodl protelns share a similar structure in the region 
comprising residues 1-60 ofthe anlino-termina1 end;山ey
bOU1 contain six cysteine residues， suggesting that 山ese
proteins have arisen from a gene dupBcation. 

Factor C 
As shown in Fig. 1， factor C 1s an initia1 activator of 
the clottingωsαde tiggered by LPS [1ラ].The zymo・
gen faclor C is a glycoprotein with a calculated molec-
ular mass of 123 kD. It consists of an H chain (80 kD) 
and an L chain (43 kD) [16・・].Factor C is converted 
~tocatalytically to an activated form， designated factor 
C (123kD)， ln the pぼsenceof LPS. Upon activation， 
a single cIeavage of the Phe-Ile bond 1n the L chain 
occurs [15)， resu1ting in the accumulation of two new 

fragmen凶Ia B chain (34 kD) and an A ch伽 (8.5凶).
A di iSq>ropylfluorophosphate-se笹川veactive siほ is10・
ca1ized 10 the B chain of factor C. The zymogen factor 
C consists of 994 residues (Table 1) with a αlculated 
molecular mぉsof 109.648 kD (i.e. the molecular mass 
not including the carbohydrate moieties). In the H and A 
chruns， there are several interesting amino acid sequences 
[16・・]. First， factor C has five repeating unitS (‘Sushi' do. 
main or short consensus repeat) of aboutωamino acid 
residu白 each，whlch are found .in many proteins partici-
pating ln the mari1malian complement system. Factor C Is 
the first example of a protein白athas出ecomplement-
like strucrure in in河口.ebrates.Second， an epidermal 
growth factor (EGF)川(edomain is present in the H 
chain. Proteins con也iningthis type of domain lnclude 
several blood coagulation factors， complement factors 
and some receptors， lncluding low density lipoprotein 
(IDL)児ceptor.Third， a lectin-like domain is found in 
betweenthe third .and fourth .Sushi' domains. TI1IS re-
gion is composed of about 120 amino adds and shows 
homologywi出soca1led C匂pelectins. This type of do・
main is also found in protelns whose functions are not 
consldered' on~' to bind the carbohydrate moieLy. Two 
other characteristic sequences are also found 1n出eH
ch剖n.One is a C)巧ほine.rich児:gion，which is located ln 
the amino-terminal portion of the H chain. Eleven cys-
teJne l"esidues， out of 56， are clustered in出isregion. The 
other is 1n the carboJ¥.'Yl-terminal po口ionof the H ch伽，
Il1 whkh 13 our of 48 residues are proline. This region 
has homology with the connecting region of mammalian 
coagulation factor XII. Its signi自白nce，• however， remains 
unknown. The B.chain portion of factor C i~ composed 
ofa typiα1 serine proreぉe，widl an active site凶ad[17-]. 
The B chain shows the strongest homology wi出human
α・出rombin(36.7 per cent). Immunohistochemical ob-
servation wi出 electronmicroscopy utilizing anti-factor C 
antibody demonstrates that factor C is 10ωlized in the L 
granules in the cell [8・・]. 

Relationship belween limulu5 clotting faclors and 
mammalian complement and clotting faclors 
To our knowledgeJ 出eon~r proteぉeswith Sushi do-
mains are the mammalian complement factors C1r， C1s， 
C2 and factor B， and limulus factor C. Moreover， the 
only proteases出athave both Sushi and EGF domains 
include Clr， C1s and Iimulus factor C， all of which are 
associated with d1e initiation of the cascade reaction.‘Se-
lectins'. including d1fee membrilOe proteins， endothelial 
leukocyte adhesion molecule， lymph node homing児・
ceptor and granule membrane protein 140， have been 
reported (0 contairi. a lectin-like domain， an EGF-like 
domain and several 'Sushi' domains. The similarity in 
domain composition between factor C and dlese pro. 
teins is of interest， because these proteins a11 seem to 
be associated widl biological defense systems. On the 
other hand， the fact that factor C is strucmrally related 
(0 mammalian complement factors indicates an evolu-
tionary relationship between the tWo systems. Factor C 
is a newly.discovered type of serine protease zymogen， 
a ・coagulation-complemeotfactor'， which may play an 
important role both in hemostasis and defense mecha-
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Table 1..Co而tonen民doselyassociated with the biological defense system in limulus (Tachypleus lridentatus). 

Molecular mass (kO) Carbohydrate Intracellular 
Component Cnumber of residues) content Active form Function Jocalization References 

Coagulogen 19.7 None Coagulin Celation l granule (8・・，9-12]
(175) (two chains) 

Factor C 123 9怖 Factor C Serine protease L granule (4，8・・，15，16・・，17-，
(994) (three chains> (LPS-sensitive) 35-37] 

Factor B 64 Present Factor B Serine protease Unknown [14] 
何∞) (two chainsl 

Proclotting enzyme 54 l'怖 Clotting enzyme Serine protease l granule [13] 

(346) (two chains) 
'¥-

Factor G 110 Present ' Factor G Serine protease Unknown 1341 
(two subunits) 

1-' 

Factor 0 42 Unknown Pseudo serine.protease Unknown unpublished data 。8日
T ransglutaminase 86 None TCase Cross-link Cytosol 138・・，39・.]
rrCase) 。64) (Ca2+・dependend

Anti-LPS factor 11.6 None 
(102) 

Tachyplesir可 2.263 None 
(17) 

Polyphemusin 2.453 None 
(18) 

Factor C inhibitor 43 Present 
(394) 

Trypsin inhibitor 6.8 None 
(61) 

l-6 27 None 
(221) 

8.6 kD protein 8.671 None 
(81) 

Pro-rich protein 80 

L， large; S， small. Unpublished data from the author's laboratory 

nisms. 1n considering the struc[Ural similarity of initiators 

of the LWO勾，'5tems，the Iimulus coagulation and mam-
malian complement systems may have evolved from a 
common origin. Concer凶ngthe .evolution of h05t de. 

fense systems in the animal k.iogdom，出isis consistent 
with a.possible coinmon evolutiOOaIY origin of the coag崎
ulation and complement cascades. 

Antimlcrobial l granule 14，18，20，23] 

Antimicrobial 5 granule 121，25，40] 

Antimicrobial 5 granule 1221 

Anticoagulant Unknown unpublished data 

Protease inhibitor Unknown 1411 
(Aprotinin-type) 

LPS-binding L granule unpublished data 

TGase substrate Unknown [38・・，39・・l

TCase substrate L granule 138・・，39・.)

Fig. 3 summarizes the gross stn.lctureS of Iimulu5 clotting 
faccors 50 far described. Uke marrimalian clotting factors， 
faClor C， factor B and proc1otting enzyme are typical ser. 
ioe proほおezymogens related to the t巧やsinfamily. They 
have strucrural domains in their amino-termioal po凶ons
that are di.lferent from those of mammalian clotting fac-
tors. There is 00 Gla domain， no kringle domain and 00 
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finger domain. Moreover， mammalian clottlng factors do 
not have a ‘Sushi

t 

domain， whereas factor C contains sev-
era1‘Sushit domains， as do complement factors， and the 
proclotting en可m:eand faClor B comain a Iclip-like' do. 
ma1n ln the amino-temllnal portions_ On the other hand， 
the coagulogen molecule is much smaller dlan vertebrate 
fibrinogen. Thus， aU the limulus intracellular clotting fac-
tors are thought [0 be a separate entity from the veロe-
brate cloning facrors， although there is an intracellular 
dotdngαscade， which is similar to dlat of mammals. 

Antimicrobial substances 

ln 1982， a. protein compooent that inhibits the coagu-
lation cascade was found in the hemaq唯elysate from 
japanese (T. 11・'identatus)and Amerlcan horseshoe crabs 
(L polypbemus) and named anti-LPS factor [18，19]. The 

purified proteln spedfically inhibits the IPS・mediatedac. 
tivation of limulus factor C and 1'k1S a strong antibacterial 
effect， especlally on the growth of Gram-negative R匂pe
bacteria. Furthermore， it has hemolytic activity 00 dle red 
blood cells sensitized with LPS and cytolytlc activity on 
lPS-sensitized polymorphonudear leukoCytes， mononu・
clear cells and human leukemia cells [20]. The whole 
amino acid sequence of anti-IJlS factor isolated from T. 
tridentatuswas detennined 1n 1986 [18]. In our contin. 
ued study of the limulus clotting sys悶m，we found also 
a new cationic peptide， named tachyplesin， 1n the hemo-
q羽 debrls，which binds with IPS and displays antimicro-
bial acti吋句ragainst Gram-negative bacteria [21]. 

Tachyplesin 1 Is a αtlonic peptide first isolated from 
acid extrac回ofJapanese ho防白hoecrab (T. t，"i.伽~tatω7
hemOCyte debris. TIlis peptide lnhjbi白血eLPS-mediated 
acti¥叩lonof factor C ln a similar manner to that of anti-
LPS fac[or. Afterwards， two peptide analogs of tachyplesin 
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Fig.3.判官 domainstructures of limulus 
c10tting factors and antimicrobial sub-
stances. The arrowheads indicate the 
cleavage sites for zymogen activation. 
The potential carbohydrate attachment 
sites are indicated with closed dia-
monds. 
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1， named回chyplesinII and l1I， have been isolated from 
出ehemocytes of two Southeast Asian horseshoe crabs， 
T. gigas and C rotzmdica.uda {22，23]. MOflωver， ln the 
hemocyte ~ebris. of American L polypbemω; lWQ tachy-
plesin analogs， named polyphemusins 1 and II， have also 
been found [231. The pri出atystructures of 山etachy-
plesin family are shown in Fig. 4. They 3re highly ba-
si~ polypeptides composed of 17 or 18 residues with 
a唱i凶neα・副叫deaS 出ecarboγ1・terminalend. Tachy-
plesin shows a characteristic strucrure with mree tandem 
repeats of a tetrapeptidesequence; namely hydropho・
bic amino acid-Cys-hydrophobic amino acid-Arg (21]. 
Tachyplestn 1 takes on a fairly rigid conformation con-
strained by two disulfide bridges and adopts a conforma-
tion ∞nsisting of an anti-parallel s.sheet (r出idues3-8 
and 11-16) connected bya s-rurn (residues 8-11). 10 
this planar coぱormation，five bulky hydrophobic side 
groups are localized ln one side of the，. plane and six 
cationic side groups are distributed at出ピ凶.'p紅tofthe 
'lolecule (residues 1ーラ and14-17). This arrangement is 
--prl邸umedto be dosely assodated ~ith [he bactericidal 
actiVity [24・・].

The cDNA encoding tachyplesin precursors has been 
c10ned and sequenced [2S 1. The tachyplesin precur:ωrs 
consist of 77 amino acids with 23 residues in a pre-

CONH2 
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segmem and lWO tYPeS of mRNA corresponding to the 
isopeptides of tadl}やlesins1 and II have been identi-
fied. Both precursors contain a putative signal peptide， 
a processing peptide民quenceand a carboxyl・terminaI
amidation signal ・Gly匂，s_Argtconnected to the mature 
tachyplesin peptide. Moreover， an unusual acidic amino 
add cluster wi由Asp-Glu必 p-Glu必 p必 p-Aspαu-Glu-
COOH is present in the carboxyl-termlnal po口lonsof 
both precursors. This acidic region might lnteract with 
a cationic part of the tachyplesin peptide (0 stabilize a 
conformational structure of the p問cuぉorfor proteol}屯ic
degradatIon. The subcellular localization of tachyplesin in 
the hemoC}ぽsproves to be ln the S granules， as deter-
mined immunohistochemlcally [2S 1. 

Tachyplesin displays poほntantimicrobia1 activlty against 
sevel"dl strains of microorganisms_ It is effective against 
not only rough and smooth strains of Gram-negative 
but alsQ Gram-posltive organisms， such as StapめIlococ-
cωspecies and fungi. 10 the presence of tachyplesin， 
at a concentratlon of 3.5μglml， Salmonella strains ir-
reversibly lose-吋ability.Therefore， it seems likely that 
tachyplesin ac凶 asan antimicrobial peptide for dle de-
fense of horseshoe crabs against mlcrobial infections 
[22，261. 

CONH2 CONHz 

Tachyplesin I Tacl可yplesin11 Tacl可yplesin111 

、-

Tachyplesin 
precursor 

Polyphemusin I 

CONH2 
CONH2 

Polyphemusin 11 

Fig. 4. Prima叩structuresof six kinds of tachyplesins and their analogs isolate~ ~o~ four sp~cies of h~rses~oe cr~bs. !ac~、yplesin 111 was 
isolated frorrI Tachyp/eu5 gigas， tachyplesin i 'from T. tri~enta.t"!s， T. -gjga~ and ~a~cinosco~p;~s rotu.n.dicauda， and tac~yple~in.lI fr~~_ T. 
rridentatus. Polyphemusln T and polyphemusin 11 were isolated from LlrIlu!υ5 polyphemus. Amino acids are represented by the one letter 
code. The αーcaiboxylgroup of the -earboxyl-terminal arginine (R) is amidated. 
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LPS 
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Antimicrobial 
acli吋ty

・・‘・ ・ー Gelation and 
slerilization 

~m~lIe~ granule 
Tachyplesin 

La唱ergranule 
Factor C， 

Fig. 5. This figure illustrates how the 
horseshoe crab hemocyte functions 
against invading mlcroorganisms. Bacte-
rial endotoxin [1jpopolysaccharide (LPS)) 
first contacts with an LPS receptor/LPS・
blnding protein， which is probably 10-
cated in the plasma membrane of the 
cell. Through this con回ct，some cellular 
reactions induce the fusion of granules 
and the plasma membrane， resulting in 
dispersal of the components 01 the large 
granules into the plasma. This exocy~ 
tosis activates the intracellular clotting 
system and the clot generated during 
activation immobllizes the invaders.判官
peptide tachypl白insand anti-lPS factor 
released from small and large granules， 
respectlvely， act as出ebactericidal sub-
stances. 

(Fador B)， 
Prodoning enzyme 
Coagulogen， 
Anti':lPS -factor 

Humoral factors in hemolymph plasma 

Although 1 have not mentioned plasma componen岱 in
this review， there are s1an}' humoral factors， such as pro-
teinase inhibitors [2・・]， α2・macroglobulin[27]. Iectiru 
[2・・]， C-reactive protein. and polyphemin (2・・]， a11 of 
which are important in amimicrobial defense: Further・

more， Uu and his coll回gueshave also reported several 
endotoxin-binding protein.s [28-31，32..] a叫 acell ad. 
hesion prolein found in the limulus hemocytes [33・・]. 
Although the exact functions of these substanc回 are

not known at present， they may act in concert wi.th 
other componen隠 tose1Ve邸 d1ebiologieal defense of 

this anima1. However， we still know less about the cell 
biology and physiology of horseshoe crab hemocyres in 
comparison with mammalian blood cells. 

Conclusion 

From all the results described above， we speculaほ出at
bactedal endotoxin firSl contacts with an IJ>S receptor or 
LPS-binding protein， probabl}' presem il'l plasma mem-
brane of恥 hemocyte，and activates fa.s.tor C located in 
the granules; the resulting active factor C induces the ac. 
tivation of the intracellular clotting勾7stem(Fig. 5). The 
s.glucan.medlated pathway may also lead to activation of 

this system (34]. The clot generated during the activation 
encapsulates and imrilobilizes the Gram-negative bacteria 

and the peptide tachyplesin and anti-LPS faclor released 

from S and L granules， respectively， act as the bacte-
ricidal substances. Therefore， this intracellular clotting 
system may havc a cmcial role in host defense against 
invading microorganisms. 
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