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1. Introduction

The amebocytes in horseshoe crab hemolymph
contain a coagulation system [1], which is activated
by 10~ g Gram-negative bacterial endotoxins (lipo-
polysaccharide). This system is associated with cell
aggregation, degranulation and release of a clottable
protein, coagulogen [2]. The principle of the so-called
‘Limulus test’ for detection of endotoxin is based on
the endotoxin-induced coagulation reaction, using
amebocyte lysate [3]. In [4] the amebocyte lysate
endotoxin activated directly a proclotting enzyme
resulting in the transformation of coagulogen to
coagulin (fig.1A). To establish the molecular events in
such a reaction system, we have reported on the gela-
tion mechanism of coagulogen to coagulin using a
purified active clotting enzyme [5,6], on the complete
amino acid sequence of coagulogen [7,8], and on the
development of a new method for determination of
endotoxin, using chromogenic or fluorogenic peptide
substrate of the clotting enzyme [9—12].
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Fig.1. Schematic representation (A, old and, B, new) of coagu-
lation system in horseshoe crab amebocyte lysate.
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During these investigations, we found that pro-
clotting enzyme shown in fig.1A is not an endotoxin-
sensitive protein but that another unknown factor
(tentatively named factor B) sensitive to endotoxin
is involved in the reaction sequence which mediates
the activation of proclotting enzyme. Evidence for a
new reaction scheme (fig.1B) of the endotoxin-induced
cascade reaction will be presented here.

2. Materials and methods

Boc-Leu—Gly—Arg—p-nitroanilide (pNA) was a
product of the Protein Research Foundation, Minoh,
Osaka, A lipopolysaccharide prepared from
Escherichia coli 0111-B4 was a product of Difco Labs.,
and heparin—Sepharose CL-6B was from Pharmacia
Fine Chemicals, Uppsala. All glass ware and buffer
solutions were sterilized by heating at 200°C or auto-
claving for 3 h [5]. The amebocyte lysate from
Japanese horseshoe crabs  Tachypleus tridentatus)
was prepared by the method in [5]. Lyophilized pow-
der of Limulus polyphemus amebocyte lysate was a
generous gift from Dr Jack Levin, The John Hopkins
University. Amidase activity for active clotting enzyme
was measured using the chromogenic peptide substrate
as in [9,10].

3. Resulis

3.1. Heparin—Sepharose column chromatography of
amebocyte lysate from T. tridentatus
To isolate proclotting enzyme, 5 ml lysate was
applied to a column of heparin—Sepharose. The result
is shown in fig.2. In the breakthrough fraction (frac-
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Fig.2. Heparin—Sepharose column chromatography of

T. tridentatus amebocyte lysate. Lysate (5 ml) was applied to
a column (1.4 X 2.3 cm), equilibrated with 0.05 M Tris—HCl
buffer (pH 7.2) containing 0.154 M NaCl and 1 mM CaCl,.
The elution was performed at 4°C first with the equilibration
buifer and then with the buifer containing §.454 M Na(l and
1 mM CaCl,. Fractions of 3.4 ml were collected at a flow rate
of 8.4 ml/h and the fractions indicated by solid bars were col-

lected.

tion n), no amidase a activity was detected ever
pre-incubation with endotoxin for 1 h. On the other
hand, a weak amidase activity was found in the
adsorbed fraction (fraction B) after preincubation
with endotoxin for 1 h, and this amidase activity was
not demonstrated in the absence of endotoxin. How-
ever, total amidase activity recovered from the column
was <5% of that of the lysate used. This low recovery
suggested that an unknown factor required for the
activation of proclotting enzyme may have been sep-
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arated by this column. To test this possibility, a

Table 1
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reconstitution experiment with fractions A and B was
pcuormt‘;u under the conditions described in table 1.
A strong amidase activity appeared only in the com-
bined mixture of fractions. A and B, indicating that

both fractions are essential to develop the amidase
activity in the presence of endotoxin.

3.2. Evidence for unknown factors sensitive to endo-
foxin
Fig.3 shows the amidase activity produced in the

mixture of fractions A and B after treatment of each
fraction, independently, with endotoxin. The experi-
mental procedures are shown in the same figure. A
strong amidase activity was found only when frac-
tion B was pre-incubated with endotoxin (expt 1).
Experiment 2 was the controi to expt 1, in which
fraction B was pre-incubated without endotoxin. On

the contrary “llnnn fraction A was preincubated unﬂ'\
tne conirary, waen raciion A S préinCunaied wit

endotoxin and then incubated with fraction B (expt 3),
the amidase activity was almost identical to that of
the control mixture shown in expt 4. These results
suggest that an endotoxin-sensitive factor must be
contained in fraction B, and the proclotting enzyme
in fraction A.

bated, respectlvely, w1th varying amounts of fraction
B or A, and the amidase activity developed in the
mixture was measured. The results are shown in
fig.4A B. The increase of endotoxin-mediated amidase
activity was proportional to the amount of fraction A
added to the reaction mixture (fig.3A), while the
amidase activity reached a plateau when increasing
amounts of fraction B were added to a constant
amount of fraction A. These results indicate that a

component contained in fraction A is the known

Recombination experiments of fractions A and B obtained from fig.2
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Fractions from heparin—Sepharose column  Amidase activity (umol pNA released . min~!)

Without LPS With LPS
Breakthrough fraction no. 3(A) 0 0
Adsorbed fraction no. 65(B) 0 0.009
Fraction A+ B 0 1.182

The reaction mixture containing 50 ul fraction A or 125 ul fraction B, 200 ut 0.4 M Tris—
HC1-40 mM MgCl, buffer (pH 8.0), 275 ul saline and 50 u1 endotoxin (1 ug/ml), was pre-

~—0 o Ann

incubated at 37°C for 20 min. lnen, pALY) pl mixture was taken and the amidase activity was
measured. In recombination experiment, 75 ul fraction A and 50 ul fraction B were mixed
and pre-incubated in the presence of endotoxin under the same conditions as above
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Fig.4. Amidase activity in the reaction mixtures when vary-
ing amounts of fraction A or B was mixed with a constant
amount of fraction B or A. The mixture containing 250 ul
fraction B, 75 ul saline and 125 ul 0.4 M Tris—HC1 containing
40 mM MgCl,, was pre-incubated with 50 ul LPS (1 ug/ml) at
37°C for 15 min. In expt A, 50 ul of this endotoxin-treated
fraction B and the indicated amounts of fraction A were
mixed and incubated at 37°C for 60 min. Then, 20 pl aliquots
of the incubation mixture were taken and the amidase activ-
ity was measured. In expt B, 25 ut of fraction A and the
indicated amounts of endotoxin-treated fraction B were used.

Fig.3. Amidase activity produced in the reaction mixture of
fractions A and B after treatment of each fraction with endo-
toxin. In expt 1, the mixture containing 200 ul fraction B,
125 ul 0.4 M Tris—HC1-40 mM MgCl, buffer (pH 8.0), 50 ul
LPS (1 ug/ml) and 125 ul saline, was pre-incubated at 37°C
for 30 min. Then, 50 ul aliquots were taken and mixed with
200 ul fraction A, and the amidase activity was measured after
incubation for the time indicated. In expt 2, the same amount
of fraction B as used for expt 1 was pre-incubated without
LPS and the subsequent procedures were identical to that of
expt 1. The procedures in expt 3 and 4 were as in expt 1 and
2, except that 325 ul fraction A was used.
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proclotting enzyme and a component in fraction B,
named tentatively factor B, is its activator.

The same experiments as made for the lysate from
T. tridentatus was performed using the lysate from
L. polyphemus. The elution pattern of L. polyphemus
lysate on a heparin—Sepharose column was completely
identical to that shown in fig.2, and the proclotting
enzyme and endotoxin-sensitive factor were sepa-
rated, respectively, in the breakthrough fraction and
adsorbed fraction. Furthermore, the same results as
in the reconstitution experiments shown in table 1
were obtained using fractions A and B from L. poly-
phemus lysate.

4. Discussion

In 1977, a proclotting enzyme purified from
L. polyphemus amebocyte lysate was reported to be
activated by Ca®* and endotoxin, thereby effecting
gelation of the clottable protein, coagulogen [4].
However, the present data do not support these
results. Our results indicate that both amebocyte
lysates from 7. tridentatus and L. polyphemus con-
tain at least two components beside coagulogen, all
of which are associated with the coagulation system.
One of them is a new component sensitive to endo-
toxin, named factor B, and the other is a component
corresponding to the known proclotting enzyme but
insensitive to endotoxin. This proenzyme shows a
strong amidase activity after incubation with factor
B. On the other hand, factor B shows a very weak
endotoxin-dependent amidase activity and seems to
be an endotoxin-sensitive proteinase, which activates
the proclotting enzyme. Thus, all the data presented
here indicate that the endotoxin-mediated coagula-
tion system in the amebocytes consists of a multi-
enzyme system shown in fig.1B, and that this cascade
system may provide an extremely high sensitivity of
the lysate to bacterial endotoxin. Further experimen-
tation will be required to establish whether factor B
activates directly the proclotting enzyme or whether
factor B is a single component or not.
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