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1. INTRODUCTION 

Our work [l-5] on the structure and function of 
carcinoscorpin, the sialic acid-specific lectin from 
the horseshoe crab Carcinoscorpius rotundacauda, 
has indicated that its binding to sialoglycoproteins 
is dependent not only on the sialic acid content, 
but also on the type of glycosidic linkage. This lec- 
tin recognizes 2-keto-3-deoxyoctonate residues in 
the lipopolysaccharide of certain Gram-negative 
bacteria [6]. Apart from this acidic sugar which is 
very similar to sialic acid, a structurally unrelated 
acidic sugar such as D-glucuronic acid was also 
found to be an effective inhibitor of carcinoscor- 
pin-fetuin interaction [3,5]. Looking at the dimen- 
sion of the multispecificity, we considered the pos- 
sibility that certain acidic sugar derivatives such as 
phosphorylated sugars could also interact with this 
lectin. Of the various phosphorylated sugars and 
sugar alcohols tested, we came across an interest- 
ing specificity of this lectin towards glycerolphos- 
phate which occurs in the membrane teichoic acids 
of Gram-positive bacteria. 

2. MATERIALS AND METHODS 

N-Acetylneuraminic acid, /3-glycerophosphate, 
fetuin type III, mannose-6-phosphate, pyruvate, 
phosphoenol pyruvate, 3-phosphoglyceric acid, 
N-acetylglucosamine, N-acetylgalactosamine and 
adonitol were purchased from Sigma Chemical 

Co. (St Louis MO). Ribose %phosphate, barium 
salt was from Reanal (Hungary). Carcinoscorpin 
was purified as in [ 1,2]. Carrier free 1251 was ob- 
tained from Bhabha Atomic Research Centre 
(Bombay). Protein was estimated as in [7] using 
crystalline bovine serum albumin as standard. 
Streptococcus faecalis (group D, CDC no. SS498) 
was a kind gift from Dr Grace Koshi (Christian 
Medical College Hospital, Vellore). Bacteria were 
grown in 3% brain heart infusion broth at 37°C for 
8-10 h with vigorous aeration. The cells were har- 
vested, washed twice and suspended in sterile 
saline (0.9%). 

2.1. Zodination of fetuin 
This was carried out according to the earlier 

method [I]. The iodinated protein had spec. act. 
6300 cpm/ng. The radioactivity was measured in a 
Packard Autogamma 5 110 counter. 

2.2. Preparation of ribitol-j-phosphate 
Ba*+ was removed by treating the suspension 

of ribose 5-phosphate with a few beads of Dowex 
50 (H+ form). The supe,matant was neutralized to 
pH 7.0 and then subjected to borohydride reduc- 
tion, as in [8]. 

2.3. Binding assay 
The incubation mixture contained in 100 ~1 final 

vol. 50 mM Tris-HCl buffer (pH 8.0) 100 mM 
NaCl, 20 mM CaCl2, 23 pg carcinoscorpin 
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(0.05 nmol), 5 pg fetuin (0.1 nmol), 1251-labelled 
fetuin corresponding to 2.4 x 104 cpm (spec. act. 
6300 cpm/ng) and the various inhibitors at the 
final concentrations as indicated. The lectin, in the 
above buffer system was first pre-incubated at 
room temperature for 30 min with the inhibitor, 
before adding the mixture containing fetuin and 
t2sI-labelled fetuin. The tubes were incubated for 
further 60 min at room temperature and then cen- 
trifuged at 2000 X g for 10 min. The pellet was 
washed twice with 200 ~1 50 mM Tris-HCl buffer 
(pH 8.0) containing 100 mM NaCl and 20 mM 
CaC12 before measuring the radioactivity. 12sI-La- 
belled fetuin alone in the above buffer containing 
the inhibitor served as the blank control. The ex- 
tent of inhibition of the carcinoscorpin fetuin com- 
plex formation is expressed, keeping the control 
interaction (without inhibitor) as 100%. 

2.4. Agglutination of bacteria 
The method used was essentially as in [9]. Ag- 

glutination was followed at 580 nm, in 1 ml final 
assay vol. at room temperature (28-30”(Z). Inhibi- 
tion of bacterial agglutination was followed in the 
presence of appropriate concentrations of N-ace- 
tylneuraminic acid and P-glycerophosphate. 

3. RESULTS AND DISCUSSION 

The results of the experiments with various 
phosphorylated sugars and sugar alcohols are 
given in table 1. Our experiments showed that 
neither mannose-6-phosphate nor the phospho- 
mannan from Saccharomyces cerevisiae inhibited 
the fetuin-carcinoscorpin interaction. Other phos- 
phates like p-nitrophenyl phosphate, /J-NADP and 
pyridoxamine phosphate too did not produce any 
appreciable inhibition. Most significant inhibition 
occurred when 5 mM of either cx- or fi-glycerophos- 
phate was used. The inhibition observed cannot be 
construed as due to a trapping of Ca2+ by p-glyc- 
erophosphate, since the binding assay mixture con- 
tained 20 mM CaC12, instead of 10 mM, reported 
in [5,6]. This finding suggested to us that this lectin 
might recognize the glycerolphosphate residues oc- 
curring in the membrane teichoic acids of Gram- 
positive bacteria. Control experiments with the 
other constituents of teichoic acid like glucose, N- 
acetylglucosamine, N-acetylgalactosamine, glyc- 
erol, adonitol and D,L-alanine revealed that none 
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Fig.1. Effect of inhibitor concentration on the fetuin- 
carcinoscorpin interaction. The details of the experiment 
are the same as in the text. Each point is a mean of 2 
determinations: (o) fi-glycerophosphate; (0) glycerol; (A) 

ribitol-5phosphate. 

of these compounds produced a significant inhibi- 
tion like /%glycerophosphate. It is worth noting 
that N-acetylneuraminic acid, to which this lectin 
is specific, produces less inhibition of the fetuin- 
lectin interaction at 10 mM than /?-glycerophos- 
phate at 5 mM. The significance of the inhibition 
brought out by phosphoenol pyruvate and 3-phos- 
phoglyceric acid is not very clear. It is possible that 
this lectin might also recognize pyruvic acid resi- 
dues occurring in some pneumococcal polysaccha- 
rides [lo]. 

We next investigated the effect of inhibitor con- 
centration on the fetuin-carcinoscorpin interac- 
tion (fig.1). Marked inhibition was observed with 
/3-glycerophosphate which was 85% at 1 mM final 
cont. Ribitol-5-phosphate, which occurs on the 
wall teichoic acids of Gram-positive bacteria pro- 
duced only a moderate inhibition at 1 mM. Paral- 
lel experiments with identical molar concentra- 
tions of glycerol revealed no inhibition of the 
fetuin-carcinoscorpin interaction, indicating that 
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Fig.2. Agglutination of Streptococcus faecalis (SS498) 
group D bacteria by carcinoscorpin and the effect of 
inhibitors. The incubation mixture contained 50 mM 
Tris-HCl buffer (pH 8.0), 100 mM NaCl and the bacte- 
rial cells enough to give an initial absorbance of -0.5 
(see section 2.4.). Suspension of the cells in buffer with- 
out (o), with (0) 10 mM CaCl2 in the absence of the 
lectin served as controls, to indicate the extent of passive 
settling of the bacteria. (A) Agglutination of cells in buff- 
er containing 54 pg carcinoscorpin and without Ca2 + . 
At the end of 6 h, CaCl2 was introduced to 10 mM final 
cont. and the agglutination was followed for further 6 h. 
(A) Agglutination of the cells in buffer, containing 
10 mM CaC12 and 58 pg carcinoscorpin. (0) As in (A), 
but with 116 pg carcinoscorpin. (m) Agglutination of the 
cells in buffer containing 10 mM CaC12, 116 pg car- 
cinoscorpin and 5 mM /3-glycerophosphate. (0) Ag- 
glutination of the cells in buffer containing 10 mM 

CaC12, 116 pg carcinoscorpin and 10 mM 
N-acetylneuraminic acid. 

.the inhibition observed with /S!-glycerophosphate is 
highly specific. Hence, we chose Streptococcus 
fuecalis group D bacteria, in which the hydrophilic 
teichoic acid chain is known to extend away from 
the membrane surface and into the wall 1111. 
Moreover, the lipoteichoic acid with the polyglyc- 
erolphosphate residues is established to be the 
group-specific antigen for Streptococcus group D 

Fig.3. Lineweaver-Burk analysis of the /?-glycerophos- 
phate interaction. The details of the experiment are es- 
sentially as in the text. The inset shows the effect of 
incubation time in the fetuin-carcinoscorpin interac- 
tion. Since the optimum precipitation of t251-labelled fe- 
tuin was obtained in 5 min, the Lineweaver-Burk anal- 
ysis was performed by incubating the lectin with fetuin 
in the presence of the inhibitor for 5 min: (o) no inhibi- 
tor; (0) in the presence of 0.4 mM and (A) 0.8 mM /-I- 

glycerophosphate. 

Table 1 

Effect of various phosphates and teichoic acid constitu- 
ents on the carcinoscorpin-fetuin interaction 

Inhibitor Final cont. % Act. 

(mM) 

Control 
Yeast mannan 

(- phosphate) 
(+ phosphate) 

D-Mannose-6-phosphate 
Pyruvate 
Phosphoenol pyruvate 
3-Phosphoglyceric acid 
/I-Glycerophosphate 
D-Glucose 
iV-Acetyl-D-glucosamine 
N-Acetyl-D-galactosamine 
Glycerol 
Adonitol 
D,L-Alanine 
N-Acetylneuraminic acid 

_ 

1.15 (mg/ml) 
1.15 (mg/ml) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 

100 

100 
100 
96 
85 
63 
74 
12 

100 
100 
100 
96 
91 
98 
55 

100 
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bacteria. The agglutination studies were done as in 
[6,9] and are shown in fig.2. There is a marked 
dose-dependent agglutination of the bacteria by 
carcinoscorpin. This lectin, which requires Ca2+ 
for binding to sialic acid also exhibits the obligato- 
ry requirement of Cal+ for binding to the glyc- 
erolphosphate residues on the bacteria. This is 
shown by the observation that in the absence of 
these ions, the lectin fails to agglutinate the bacte- 
rial cells. Marked inhibition of agglutination of the 
cells occurred when either 5 mM P-glycerophos- 
phate or 10 mM n-acetylneuraminic acid was used. 
The inability of this lectin to agglutinate Stuphylo- 
coccus aureus PS8 1 cells which possess polyribitol- 
phosphate in their wall teichoic acid was reported 
in [6]. This finding, when considered along with 
the strong agglutination of Streptococcus group D 
cells, suggests that carcinoscorpin is specific for 
glycerolphosphate rather than ribitol-Sphosphate. 
In this relation it is interesting to note the differen- 
tial bactericidal activity (resistant Staphylococcus 
aureus) ATCC 25933 compared to susceptible En- 
terococcus group D bacteria) of the Limulus 
amoebocyte lysate, in [ 121. 

The possibility exists from the above studies that 
/Sglycerophosphate can exert its inhibitory activity 
either by binding to the sialic acid-specific site or 
to any other site on the carcinoscorpin molecule. 
Lineweaver-Burk analysis (fig.3) indicates that 
the effect of /Sglycerophosphate in the carcino- 
scorpin-fetuin interaction is competitive in nature. 
However, further studies are needed to clarify 
whether carcinoscorpin recognizes internal or the 
terminal glycerolphosphate residues in teichoic 
acids. According to [5], binding profiles of car- 
cinoscorpin with sialoglycoproteins indicated 2 sets 
of binding sites, one with a high affinity and the 
other with a low affinity towards sialic acid. While 
N-acetylneuraminic acid and O-(N-acetylneura- 
minal)(2 --+6)2-acetamide-2-deoxy-D-galactic01 pro- 
duced significant quenching of the intrinsic carcino- 
scorpin fluorescence, the structurally related sugar 
2-keto-3-deoxyoctonate failed to do so. We ob- 
served that /3-glycerophosphate also failed to 
quench the lectin fluorescence. Whether this lectin 
molecule is made up of subsites with which 2-keto- 
3-deoxyoctonate or /I-glycerophosphate interact in a 
manner different from N-acetylneuraminic acid is a 
fundamental problem which emerges from these 
studies. Preliminary studies with polyglycerolphos- 

phate teichoic acid isolated from Luctobucillus 
buchneri revealed that this teichoic acid effectively 
competes with fetuin and brings a significant inhibi- 
tion of the lectin-fetuin complex formation. 

These studies demonstrate a new specificity for 
this sialic acid binding lectin from the horseshoe 
crab. The biological implications and significance 
of this finding are many-fold. Our studies suggest 
that this lectin not only can recognize Gram-nega- 
tive bacteria, through the 2-keto-3-deoxyoctonate 
residues, but also Gram-positive bacteria through 
the glycerolphosphate residues in teichoic acids. It 
would be interesting to see whether these specific 
binders are located on the surface of the Gram- 
negative or Gram-positive bacteria which are 
pathogenic for this horseshoe crab. Even though 
the broadspectrum agglutination of bacteria was 
known for the haemolymph [13] from the horse- 
shoe crab Limulus polyphemus, the nature of the 
multispecificity was not established for limulin. 
The specific humoral recognition of 2-keto-3-de- 
oxyoctonate in lipopolysaccharides and glycerol- 
phosphate in membrane teichoic acids of bacteria 
having been established, our results seem to 
provide a molecular explanation for the primitive 
host defence machinery [14,15] existing in the 
haemolymph of these evolutionarily important 
‘living fossils’, known to be around 360 million 
years old [16], in the absence of immunoglobulins 
or immunoglobulin-like molecules [ 171. 

Many lectins do interact [9,18,19] with teichoic 
acids in their capacity to recognize D-glucose, N- 
acetyl-D-glucosamine and N-acetyl-D-galactos- 
amine residues found on these polymers. The dif- 
ference lies in the finding that while other lectins 
interact with the sugar residues of glycosylated 
teichoic acids, carcinoscorpin seems to be the only 
lectin which can specifically interact with the poly- 
glycerolphosphate residues in these teichoic acids. 
It is hoped that this lectin will serve as a useful 
analytical tool for the bacteriologist, to locate the 
glycerolphosphate teichoic acid on the bacterial 
cell surface and to differentiate between polyglyc- 
erolphosphate and polyribitolphosphate in teichoic 
acids. 

Finally, to our knowledge, this seems to be the 
first observation of a truly multi-specific nature 
among all the existing lectins. By definition [20] a 
lectin is any sugar-binding protein or glycoprotein 
of non-immune origin which agglutinates cells 
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and/or precipitates glycoconjugates. The finding 
that this sialic acid binding lectin also recognizes 
some polyolphosphates merits an expansion of the 
above definition. 
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