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FROM THE HORSESHOE CRAB CARCINOSCORPIUS ROTUNDA CAUDA
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The sislic ecid binding lectin carcinoscorpin agglutinates Esghsrichis
goli K12 end Sglmonslls minnesota RS595 cells. This intsrection cen be
inhibited by the ssccharides namely 2-ketp«3«dsoxyoctonate and the dissocheride
0-(N-acetylneuraminyl)(2-» 6) 2-aceteni do-2~deoxy-D-galactitol. Neacstylnsursminic
escid is shown to be e poor inhibitor. The sems behaviour is seen when purified
lipopolysaccharides from these twe Gram negetive bacteria ere used. Vibrio
gholsres, © Cres negetive besterium devoid of 2.keto-3-deoxyoctonats and
Stsphylocogeus sureys o typicel Gres positive bucterium failed to sgglutinets
in the presance of the lesctin. The results suggest that ths 2-ketoe-3-deoxy-
octonats residuss might represent the physiolegioal substrate for the sislic
sgid binding lectin from the horssshoe orsb.

INTRODUCTION
Previous work in our lsboretery indigeted the presence of e sislic scid
binding lectin in the horssshoe crab Qerginosgorpiys rotunds geyde svalilsble
in the coastal sreas of the Bay of Bengal. This lsctin called carginoscorpin
hes besen purified to homogeneity (1), chsrecterized with respect to ites smino
scid composition end subunit structure (2) end immobilized onte Sepharcee(3,4).
It hss bean shown that this lectin is sntigenically unreleted to limulin, the
sielic scid binding lectin Prom the horseshoe creb Limylue polyphemus (2). The
biologicsl significence of its prasences in the hemolymph of the horseshos creb

has always remained sn intriguing problem, This arthropaod aross very early

ABBREVIATIONS USED s CSN-Carcinoscorpin j KDO«2<-kstoe3-deoxyoatonats §
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2-scetanido-2-deoxy-D=galactitol 3 LPS-Lipopolyssecheride
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in evolution and fossilized remains can still be found dating back to seversl
hundred millions of years., Absence of immunoglobulins end immunoglobulin -
like molecules in the hsmolymph have been well documentsd (5). In such a
situation, the wandering phegocytic cells and some humoral recognition
molecules in the hemolymph of these organisms have beean suggested to be
involved in the host defense machanisms (6). In this communication we report
that the interasction between the sislic ecid binding lectin cercinoscorpin end
becterial lipopolysaccherides occure through the specific recognition of
2-keto=3-deoxyoctonate reseidues which are quite similar to sialic acid (7).

BATERIALS AND RETHODS 1 Carcinoscorpin was purified sccording to tha procedure
described sarlisr (1,2). Protein was sstimated by the method of Lowry et al (8)
using crystalline bovins serum slbumin as stendard. NANA, KDD were proaur-d
from Sigms Chemicael Co., USA, Preperation of D-(N-acotylmurninyl)(zas)
2~8scetenido-2-decxy-D-galectitol was according to a procsdure described sarliesr
(2). carrier fres 125 1 wme obtsined from Bhaba Atomic Resserch Centre, Sombay.

Begterial Strains : Salmonelle minngsote R595 (heptose<less) wes s kind gift
from Dr. Manoranjan Singh, University of Texss Heslth Science Centrs, USA,
Escherichia goli K12 Row, Vibrio gholerss H218 (Biotype-clessicel), end
Staphylogocgus sureus PS 81 ware svailshle at the Department of NMiorebiolegy,
11CB, Bacteria were grown in Brain Heert Infusion sger, 3¥ BHI, (Difoolsbs,
USA)wnd 15¢ agar (Oxoid, USA) in Roux flasks for 18 hrs at 37'(:. The cells were
harvested, washed twics end suspended in sterile ealine (0.9%).

ation sagcheride s Lipopclysacchsrides from S, minnesota and
£:601] oslls were isoleted eccording to the method of Galenos gt al 595. Their
KDD content was detsrmined after hydrolysis in 0,05M sto . et 80°C for 1 hr,

scoording to the thiobarbituric scid mathod (10,11), The isolated lipopolyse-
ccharideswere found to be Pree of nucleic scids, ss messursd by their ebsorbancs
at 260nm.

A netion of b 235 The method used is essentially as described by
Loten st el (12)., Agglutination was followsd at 580nm, in a final volume of
1 ml st room tempsrature (28.30°C). Ths incubation mixture containsd 50m

Tris-HCl buffer pH 8,0, 100wt NeCl, 10al c-clz in the cass of £,c0li X12 end

Sei c:c12 in the cass of 5,minnesots R595 cells, varying smounts of cerecinosc-

orpin snd ths bactsrial cells snough to give an initiel shsorbenee of eround
0.5 st 580nm. Suspensicn of the cells in buffer conteining celaium ions but
without cercincecorpin ssrved ss a control. Inhibition of bagterisl sgglutin-
ation wes followsd using the shove conditions, in the prassnoe of appropriate
eoncentrations of KDD, NANA snd the dissccharide,

lodination of garginosgorpin s This was carried out scoording to the sarlier
mathod (1), The fodineted lectin had e epecific sctivity of 2800 cpam/ng. The
redioactivity was messured in 8 Packard Autogamma 5110 counter.

ion of pyrified LPS with ‘2 t The fncubstion mixture
contained in a finsl voluse of 100 yl, S50t Tris HC1 buffn- pH 8,0, 100w
NaCl, S CeCl,, 23 pgs of CSN (0.05 nmoles), 2.2 x 10%com of 1?°1con and

varying smounts of S minnesots RS95 lipopolyssccharids, es expressed by its
KDO eontent. The lipopolyseccharide suspension wes sonigated for 1 min, in
ice just before uss. The tuhes were lept st room tempsraturs for 2 hrs snd
gentrifuged at 3000 g for 10 min. The precipitate was veshed twice with 200 /‘1
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Figure 1, Agglutinetion of E.goli K12 cells by cercincegorpin, et room
tempersture. The gonditions wers as desoribed in the text., Agglutinstion

was followsd Por 5 hrs in tha presence of the lestin st (s) 10 pg/al (e—e)
(b) 50 po/ml (8—4) 5 (o} 100 pg/ml (A—4) 5 (d) 150 pg/mt (0 —0 ).
Seateria in buffer slone (0 —0C ) served as a sontrol.

of the sbove buffer containing ealoium ions and the radicactivity wes wessured.
Inhibitors of the intersction uwere included in the standard binding system,
using a fixed ssturating emount of S.minnesote R595 lipopolyssscheride (6 nmoles
of XDO).

RESULTS AND DISCUSSION

Figurs 1 shows the marked agglutinetion of £,coli K12 cells in the presence
of incrsssing concentrations of gercinosgcorpin, within a psriod of 5 hrs.
Figure 2 reprasents the effect of sagcharides, namgly 4sf XDD end O,tdaf
disecgharide, on the aggregetion of E,¢olf K12 oslls. Signifigent inhibition of
egglutinetion could be sesn in the presencs of these inhibitors, Extensive
sgglutinstion of gslls gould aiso be seen when S,minnescta R595 was used, as
shown in Figure 3. This figure also shows the marksd inhibition of agglutination
by 2aR XDD snd 0O,14sft dissogharide, Uhen the experiment wes perforesd in the
sheence of cslcium fons, very feebls agglutinstion occurred, Also, it is
interesting to note thet NANA, whigh hes & poor affinity for the sislic scid
binding lectin (2,3) doss not bring sbout & significent inhibition of eggreg-
ation of gells when compered to KDO and the dissachsride. In snpther experiment,
it was found that no sgglutination occurred over s pericd of S hra when Yibrio
gholerss wes used, which as a spsciss do not possess KDO in their lipopolyse-
acharide structure (13). The Grem positive Staphylogoogus syreys oslls slso
feiled to sgglutinate under identical conditions, when 120 pg/nl of CSN was
used (Figures not shown). A cslcium concentration of Ssh was chosen for the
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Figure 2, Agglutinetion of £.gpli K12 cells in the pressnce of ssoeharide
inhibitors., Finsl goncentrstion of gereinosgorpin in the cuvettss wae

100 pg/el. (s) sgplutinetion by lectin slone (0—0 ) 1 (b) leetin + 4sl KDO
(e—e ) 1 (c) lectin ¢ O.14aR dissosheride (A—A4 )

egglutination of § mjnnesots oslle instesd of t0mf es in the cese of £,qo0l)
K12 cslls, dus to a tendengy of the Pormer cells to sggregate at 10ait c-c12.
Figure 4 represents the titretion of 23 pgs of carcinosccrpin (0.05 nmoles)
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Figure 3. Agglutinetion of S,minngsota RS95 eells by oarcincscerpin end
the effect of inhibitors. Final concentration of the leetin in all the
cuvettes wes 120 pg/ml. (e) Bagcteriel oells in buffer slone (0—0) 3 (b)
eslls in the prassnoe of the lectin with celeium ione (8 —@ ) 3 (o) oslls
in the presence of the lectin withouyt osloium ions (A—4 ) 3 (d) cells «
lectin ¢+ 2ok K00 (A —4 ) § (o) cells + leotin « 2u8 NANA (D—D ) 3 (P)
cells + lectin « 0.14s dissccheride (8—8 ),
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Figure 4. Interaction of the lipopolysaccharids fros S minngsotg RS95 with

careinoscorpin. The deteils of the experiment ere described in the text,

with incressing concentrations of $,minnesots R595 LPS, expressed es its KDO
content, The moler retio of CSN to KDO in the titration was varied frem 2:1 to
11280, Ae can be sesn from the figure, at the saturation point which gorresponds
to spproximetely 6 nmoles of bound KOO, only 207 of the added gounts gould be
precipitated. The ssas bshaviour could be sesn with £ coli K12 lipopolysascharide
elso. Under identicel conditions, if 25 pgs of fetuin is ndded instead of LPS,
85% of the asdded radiosctivity wes recoversd in the precipitsts. Any attempt to
incresse the percentages of binding by solubilizing the isolated LPS in D,1%
Triton X100 (14) or by tristhylamine trestment {(15) or by alksli treatment (16)
wers unsucceesful, as thers is & tendeney of the lipopolysagcherids to sggregete
the moment celeium ions sre introduced. ie infer that this low binding of
carcinoegorpin to S,minnssota RS9S LPS or to f,.goli K12 LPS is dus to their
self-agoregating tendenoy in the presence of galoium fons (17) end that this
phanomenon dictates the availability of KDO residues for binding to the lectin.
Henge a better pigture of the XKDO intersction with the legtin ie asen with the
whole bapterial cell systsm, rather then the isoleted lipocpolyssgcheride system,
As sesn in the bacteriel sgglutination system, 2-ketp=3edeoxyoctonats affsctively
compates with the LPS for interacting with the lectin and the inhibition is more
marked in the case of the dieaccharide which works at approximetely 100 times
lowsr concentration (3 to 7 x 10'5l) (Figure 5). It is to be noted from this
figure that even if these powerful ssccharide inhibitors ere ussd, complets
inhibition of interaction has not been. sshieved, indisating that secondery
interactions sre involvad in stabilizing the lectin.lipopolyssocherids complex,

Our results indicate that cereinocscorpin interacts with the KDO residues
of bacterial eslls end lipopolyssecherides. The £,gol{ K12 sells with the
Oe-antigenic chains missing in their LPS snd S,minnesota RS9S (heptose-less)
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Figure 5. Inhibition of the precipitation of $,minngsots RS9S lipopolyse-
ccharide by carcinosgorpin, in the presence of specific ssocherides. The
conditions of the expsrimsnt are ss described in the text, 23 poe of

careinoscorpin, 2.2 x 10‘ cpa of 18!-om£nomtpm and & Pixsd smount of

Saninnescte LPS (6 nmoles of KDO) wers used. 2-keto-Sedeoxyoctonats (0 —0) §
N-scetylnsureminic ecid (@ —@ ) and dissccherids ( A—4 ).

cells in which the KDO residuss happen to be terminsl (1ike sialic said in
sisloglycoproteins) heve proved to bs very useful modsl systems to study their
intsrestion with CSN, Regent work in cur lsboratery (unpublished results) hes
shown that KDO is sn sffective inhibitor of the fetuin-carsinoscorpin intersstion
as well as carginoscorgin-medisted rebbit red cell egglutination, thus confirming
the spe@ificity of cercinoscorpin towsrds this B-carbon seidic sugar. In this
connection, it fs worth noting ths serlier work of Pistele (18,18) who suggestsd
that the Limylys polyphemys serum gontains some lsgtine for intsragtion with

the cors and lipid A regions of ths lipopolysssoharides. Ths pesults presentsd
hers using homogensous carginoscorpin from the ersb Cerginosgorniue rotunds
Souds strongly indicate the specific intersction of the lestin with the
2-keto-3~deoxyoctonate residues of lipopolyssecharides. The intersction of CSN
with ths lipepolyssccharides sppsars te be in lins with the theory that this
could be the humoral recognition meterial in the hemolysph of the crsb for

its pathogenic bacteries (20,21), But ths sntibegtsrisl defance fungtion of

this lectin, ss an opsonin or phagoeytosis-promoting materisl is yet to be
demonstrated in yive, The matursl psthogenic miarcorgsnism for this arsb

is not yet known. Recent reports from other laborstoriss (22,23} snd our own
work (3) indicetss that the sislic scid binding lectins also have entiglucue
ronyl activity. In this reletion it would be perticularly interssting to see
whether some Gree negative warine bssteria possess KDO and glucuronic seid
residuss in their lipopolyssccharides. Only future investigations will raveal
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the exact dimension of the multispscificity of this unique sialic acid binding
lestin,
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