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studies on the e-1,3-glucan recognition protein of the 

prophenoloxidase activating system in insect hemolymph 
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PPAE, 

SDS, 

SDS-PAGE, 

Suc, 

TBS, 

TBS-BSA, 

TBS-Tween, 

T-M, 

prophenoloxidase activating enzyme; 

sodium dodecyl sulfate; 

SDS polyacrylamide gel electrophoresis; 

succinyl; 

Tris-HCl buffered saline; 

TBS containing 0.1 %(w/v) bovine serum albumin; 

TBS containing 0.1 %(v/v) Tween 20; 

Tris-maleate; 
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Introduction 

a-Glucans containing a-1,3-g1ycosidic linkages (a-1,3-

glucan) are cell wall component of fungi or algae. They 

displays a remarkably diverse array of activities including 

potentiation of immune system of mammal, activation of the 

blood coagulation system of horse-shoe crab, Limulus 

polyphemus, triggering of the prophenoloxidase activating 

system of insects and crustaceans, induction of phytoalexin 

synthesis in plants and so forth, which has well been 

documented in literature (Lotzova and Gutterman, 1979; Hamuro 

et al., 1978; Ashida, 1981; S8derhHll, 1981; Boegwald et al., 

1982; Morikawa et al., 1985; Hihara et al., 1970; Reynolds et 

al., 1980; MUller-Eberhard and Schreiber, 1980; Morita et 

al., 1981; Sharp et al., 1984). It is reasonable to assume 

that the molecules having affinity with a-1,3-g1ucan exist in 

these biological systems. However, the primary site(s) of 

action for a-1,3-g1ucan has poorly been understood except for 

that in the activation of the alternative complement pathway 

by a-1,3-g1ucan (Horstmann et al., 1985). Apart from C3b of 

the alternative complement pathway, which has a very broad 

specificity and, in a strict sense, could not be considered a 

specific binding protein for a-1,3-g1ucan, and none of the 

specific binding protein for a-1,3-g1ucan has been isolated. 

Insects live in almost every habitat on the earth and the 

number of their species has been estimated to be more than 3 

millions, which are over three-quarters of animal species 

known to man. Their prosperity might have been impossible 

without developing effective defense mechanisms against 
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attacks from various invaders such as parasites, parasitoids 

and microorganisms. The front line for the defense against 

the attacks is organized by integument and digestive tract as 

the physical barriers against the invaders as they are 

tissues surrounding insect body and contacting directly to 

environment. Although the tissues are effective as the 

barriers, however, invaders such as fungi often break through 

them. In that case the humoral and cellular defense 

mechanisms in the hemolymph of insects are known to start 

acting upon them. 

The defense mechanisms of insects are different from those 

of vertebrates. A most conspicuous difference known at 

present is that insects are lacking in the system having 

"specific immune responses" and "immunological memory", which 

corresponds to B cell- and T cell-mediated immune system in 

vertebrates. Unfortunately, however, our knowledge on the 

defense mechanisms of insects is poor and is not enough ,to 

answer the following questions: Whether or not insects have 

molecules which are responsible to recognize specific 

component(s) of microorganisms; whether or not the specific 

interaction between such molecule(s) and the microbial 

component(s) is the cause for insects to evoke its defense 

reactions known as phagocytosis, encapsulation, immune 

protein synthesis, activation of prophenoloxidase cascade and 

so forth. 

From the early studies on invertebrate pathology, 

melanization reaction in insect hemocoel has been known to be 

evoked by parasites, bacteria and fungi and numerous reports 

have described this phenomenon (Salt, 1970; Chadwick, 1975; 

Nappi, 1973; Lipke, 1975). Phenoloxidase (PO) oxidizes 
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phenolic compounds to produce their quinone derivatives and 

eventually to form melanin. The quinones can react 

spontaneously with the thiol and amino groups of proteins and 

other compounds and have been claimed to be bactericidal. PO 

is present in hemolymph of all the insects and crustaceans so 

far examined and is speculated to play an important role in 

the defense reactions of the animals (Salt, 1970; Nappi, 

1973; Ratcliffe and Gagen, 1976,1977;). In insects, the 

activity of the enzyme was detected not only in the cellular 

defense reaction such as encapsulation and nodule formation 

but also humoral encapsulation (G8tz and Vey, 1974). 

PO in insects hemolymph usually exists as an inactive 

precursor, prophenoloxidase (proPO) (Ohnishi,1953). The 

procedures for obtaining homogeneous proPO preparations have 

been developed in a few species of insects (Heyneman, 1965; 

Ashida, 1971; Aso, 1985). ProPO of the s'ilkworm, Bombyx mori 

migrated to the position corresponding to 80 kDa polypeptide 

in sodium dodecylsulfate-polyacrylamide electrophoresis (SDS­

PAGE) and contains two cupric copper atoms per 80,000 g 

protein (Ashida, 1971). ProPO activating enzyme (PPAE) is 

present in the hemolymph (Ashida et al., 1983) and cuticle of 

silkworm larvae (Ashida and Ohnishi, 1967), and the cuticular 

PPAE is a serine protease which converts proPO to PO through 

a limited proteolysis, releasing a peptide (Dohke, 1973a, 

1973b; Ashida et aI, 1974;' Ashida and Dohke, 1980). 

Hemolymph PPAE has not yet been purified. 

With respect to the regulation mechanism of proPO 

activation in vivo the investigation on the subject had been 

hampered until the beginning of 1980's, because of 

spontaneous activation of proPO during the collection of 
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hemolymph from the hemocoel of insects. 

A method for obtaining hemolymph without initiating proPO 

activation was developed by Ashida (1981), and the method 

make it possible for us to study the mechanism of proPO 

activation in vitro. From the early studies on the mechanism 

of proPO activation the following facts have been 

demonstrated: the mechanism for pro PO activation (proPO 

activating system) is present in plasma fraction; The system 

is a cascade triggered by microbial products such as S-1,3-

glucan of fungal cell wall or peptidoglycan of bacterial cell 

wall (Ashida, 1981; Ashida et aI, 1983; Yoshida and Ashida, 

1986); When the microbial products are added to silkworm 

plasma, at least two zymogens of serine enzymes (proBAEEase 

and proPPAE) are activated (Yoshida and Ashida, 1986); 

limited proteolysis is involved during the activation of 

proPO by hemolymph PPAE (Ashida and Yoshida, 1988); the proPO 

activating system requires Ca++ to be triggered by S-1,3-

glucan or peptidoglycan (Ashida et aI, 1983; Leonard et aI, 

1985; Dularay and Lackie, 1985). 

The proPO activating system has been reported to be 

present in several species of insects and crustaceans (pye, 

1974; Ashida et al., 1983; S8derhgll and HgII, 1984; Smith 

and s8derhgll, 1983) and it is suggested that the proPO 

activating system functions to recognize foreigness, generate 

opsonin and hemokinetic factors, and activate fat body to 

synthesize immune proteins (Ashida et al., 1982; S8derhgll, 

1982; Ratcliffe et al., 1984; Huxham and Lackie, 1988). 

However our knowledge on the activation mechanism of the 

system is incomplete to evaluate correctly its role in insect 

defense mechanism and much remains to be studied. The 
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present author has chosen the proPO activating system of the 

silkworm, Bombyx mori to study the action mechanisms of S-

1,3-glucan in biological systems and discovered a new protein 

<S-1,3-glucan recognition protein) which has specific 

affinity to a-1,3-glucan and triggers proPO activating system 

cascade upon binding with S-1,3-glucan. In this thesis, the 

results of author's study are reported in three parts. Part 

1, part 2 and part 3 describe the demonstration of the 

presence of S-1,3-glucan recognition protein in the proPO 

activating system, purification and preliminary 

characterizations of S-1,3-glucan recognition protein, the 

results of the immuno-chemical localization of the 

recognition protein, respectively. 
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1. Preparations of Silkworm plasmas deprived of 8-1,3-glucan 

recognition protein or peptidoglycan recognition protein 

Introduction 

As described in introduction, the prophenoloxidase(proPO) 

activating system of silkworm hemolymph is a cascade and is 

triggered in the presence of Ca++ by elicitors such as 8-1,3-

glucan or peptidoglycan (Ashida, 1981; Ashida et al., 1983; 

Yoshida and Ashida, 1986). When silkworm plasma is incubated 

with the elicitor, at least two serine enzymes, which are 

BAEEase and proPO activating enzyme(PPAE), are activated. 

These serine enzymes are insensitive to 

diisopropylfluorophosphate before activation but become 

sensitive upon activation, suggesting that they may be 

present as zymogens in plasma (Yoshida and Ashida, 1986). 

Thus, the proPO activating system has some characteristics 

similar to those of the complement system of vertebrates 

(MUller-Eberhard and Schreiber, 1980) and the blood 

coagulation system of horse-shoe crab (Morita et al., 1981). 

To investigate whether two separate molecules with 

affinity to 8-1,3-glucan and to peptidoglycan in the proPO 

activating system were the same one or not, it was tried to 

obtain two plasma preparations from each of which one of the 

molecules has been specifically removed by affinity columns. 

Silkworm plasma was passed over a CPB column CPB, curdlan 

type polysaccharide(8-1,3-glucan) beads] or a peptidoglycan­

Sepharose 4B column in the absence of divalent cation, in 

order to remove the molecules with affinity to each ligand. 

The plasma passed over each column showed that there are two 
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As is evident from the results presented in Fig. 1. 1. and 

Table 1. 1, the proPO activating system in plasma was not 

triggered during chromatography on CPB or peptidoglycan­

Sepharose 4B. This result may look strange, since CPB and 

peptidoglycan-Sepharose 4B have S-1,3-glucan and 

peptidoglycan, respectively. However, it is understandable 

if we take into account of the following facts: the column 

chromatography was carried out in the absence of Ca++ ion 

which is required to trigger the system by elicitor; the 

peptidoglycan coupled to CNBr-Sepharose 4B were small 

fragments, which been shown to have no activity as elicitor; 

the flow rate of plasma though CPB column was maintained very 

high (50 ml/hr) in order to shorten the period of time for 

plasma to stay with S-1,3-glucan (CPB); the plasma was 

applied to CPB column after it had been diluted to one-fifth, 

rendering the plasma less reactive to S-1,3-glucan. 

Plasma-CPB and plasma-PG were incubated separately with 

zymosan (S-1,3-glucan) and peptidoglycan, respectively, and 

activities of PO and BAEEase activity of the incubation 

mixtures were assayed. The proPO activating system in both 

of plasma-CPB and plasma-PG was not triggered without the 

elicitor during the incubation (Fig. 1. 1. and Table 1. 1.). 

However, the system in plasma-CPB could be triggered by 

peptidoglycan but not by zymosan (S-1,3-glucan) and the 

activities of PO and BAEEase appeared in the manner similar 

to that observed in plasma incubated with each of the 

elicitors. 

The above results could be understandable if one assumes 

that the B-1 ,3-glucan recognition protein and peptidoglycan 
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recognition protein, which have affinity in the absence of 

Ca++ ion to a-1 ,3-glucan and peptidoglycan, respectively, 

were removed by the affinity columns and that they are 

necessary for the proPO activating system to be triggered 

with the elicitors. The scheme based on the above results 

and our previous findings of the silkworm proPO activating 

system is presented in Fig. 1. 2. 

In the next part of this thesis, the putative a-1,3-glucan 

recognition protein will be shown to exist in the silkworm 

plasma and the procedure to purify the protein to homogeneity 

is described. 
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Table 1. 1. 

Activation of BAEEase in plasma, plasma-CPB and plasma-

PG by elicitors 

plasma added elicitor . . * BAEEase actlvlty 

preparation (units/ml of plasma) 

plasma zymosan 93.7 

peptidoglycan 91.0 

plasma-CPB zymosan 0.0 

peptidoglycan 89.3 

plasma-PG zymosan 84.2 

peptidoglycan 0.0 

* Plasma preparation and elicitor were incubated as 

described under Materials and Methods. BAEEase activity was 

assayed after 20 min incubation at 25°C. 
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2. Purification of a B-1, 3-glucan recognition protein 

Introduction 

In part 1, it was suggested that B-1,3-glucan and 

peptidoglycan recognition protein occur as separate entities 

and that the interaction of the recognition proteins with the 

respective elicitors causes to triggers the prophenoloxidase 

(proPO) activating system in silkworm plasma. It was also 

described a method to specifically remove the B-1,3-glucan 

recognition protein from the proPO activating system using 

beads composed of B-1,3-glucan. Plasma, deprived of the 

recognition protein (referred to as plasma-CPB), may then be 

used to assay for the B-1,3-glucan recognition protein. 

The present part describes an assay method for the B-1,3-

glucan recognition protein of the proPO activating system in 

silkworm plasma and a procedure for obtaining a homogeneous 

and functionally active B-1,3-glucan recognition protein 

preparation, ,together with a preliminary characterization of 

the molecule. 

Materials and Methods. 

Experimental animals. 

Silkworm (Bombyx mori) larvae were reared on an artificial 

diet as described in part 1. 

preparation of silkworm plasma (plasma-CPB) for assaying 

B-1,3-glucan recognition protein. 
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different lots of plasma-CPB preparations were used. Thus, a 

single preparation of plasma-CPB was used throughout the 

purification of B-1,3-g1ucan recognition protein described in 

the present study. 

Purification of B-1,3-g1ucan recognition protein. 

Fifth instar larvae of silkworm (Bombyx mori) at the 5th 

or 6th day were bled by cutting abdominal legs with scissors. 

Hemolymph was immediately mixed with saturated ammonium 

sulfate (pH 6.5) under vigorous stirring. Three hundred ml 

of hemolymph from about 650 larvae was collected into 650 ml 

of saturated ammonium sulfate and stored at 4°C until use. 

All subsequent procedures were performed at 0 - 4°C. and 

centrifugation carried out at 12,300 g for 30 min, unless 

otherwise specified. 

The hemolymph preparation was centrifuged and the preci-

pitated materials dissolved into 20% saturated ammonium 

sulfate containing K-P buffer (10 mM potassium phosphate 

buffer, pH 6.5), 1 mM phenylmethylsulfonyl fluoride(PMSF), 
, 

0.1 mM E-nitrophenyl-E -guanidinobenzoate, 5 mM 

phenylthiourea and 5 mM EDTA to make the total volume 300 mi. 

After centrifugation of the solution, the supernatant was 

brought to 35% saturation by addition of saturated ammonium 

sulfate solution(pH 6.5) and left overnight. The resulting 

precipitate was collected by centrifugation, dissolved in 50 

ml of K-P buffer containing 1 mM PMSF and 5 mM phenylthiourea 

and dialyzed against 2 1 of the same buffer for 48 hr with 6 

changes of the buffer. The dialyzed solution was used as 

ammonium sulfate fraction after centrifugation. 

The ammonium sulfate fraction was applied to a DEAE-Toyo-

pearl column (2.5 x 55 cm) pre-equilibrated with K-P buffer. 
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Analyses of amino acid composition. 

Purified S-1,3-glucan recognition protein was dialyzed 

against D.D.W. and lyophilized. The lyophilized powder 

(about 0.5 mg) was hydrolyzed with constant boiling point HCl 

in sealed ampoules at 110°C for 24 hr. Amino acids in the 

hydrolyzate were analyzed on a Hitachi 835 amino acid 

analyzer. Tryptophan content was determined separately after 

hydrolysis of sample with 4 N methane sulfonic acid at 115°C 

for 24 hr (Simpson et ale 1976). 

Determination of protein. 

Protein was determined by the method of Lowry et ale 

(1951) using bovine serum albumin as the standard. 

Chemicals. 

Chemicals were obtained from the following sources: beads 

of curdlan-type polysaccharide 13140 (S-1,3-glucan produced 

by Ascaligenes faecalis var. myxogenes IFO 13140)(Harada et 

al., 1968) was a gift from Dr. Y. Nakao of Applied 

Microbiology Labs. Takeda Chemical Ind. Ltd. (Osaka); zymosan 

and phenyl-methanesulfonyl fluoride from Sigma; molecular 

weight standard and Affigel-heparin from Bio-Rad Labs.; 

Ampholine for pH range 3 to 6 from LKB; DEAE-Toyopearl and 

cellulose powder from Advantec Toyo Co. Ltd. (Kanda, Tokyo); 

standard proteins for isoelectric point calibration, Sephadex 

G-100 and pre-packed columns (Mono Q column, HR 5/5 and 

Superose 12 column, HR 10/30) from Pharmacia Fine Chemicals; 

E-nitrophenyl-E'-guanidinobenzoate from Vega Chemicals 

(Tuscon, Arizona); peptidyl-7-amino-4-methyl-coumarins and 7-

amino-4-methyl-coumarin from Peptide Institute Inc. (Mino­

shi, Osaka). Other chemicals used were the highest grade 

commer-cially available. 
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Fig. 2. 1. Relation between the amount of B-1,3-glucan 

recognition protein and its activity in an assay for B-1,3-

glucan recognition protein activity. 

Purified B-1 ,3-glucan recognition protein (Superose 12 

fraction) was used and its activity assayed as described 

under Materials and Methods. Abscissa and ordinate shows the 

protein concentration of B-1 ,3-glucan recognition protein 

solution subjected to activity assay and the B-1,3-glucan 

recognition protein activity of the solution, respectively. 
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recognition protein activity. 

Another feature of the assay method is that there is a 

limit in the application of the method to quantitate S-1,3-

glucan recognition protein in crude preparation. The 

limitation became evident because silkworm hemolymph and 

ammonium sulfate fraction of the hemolymph were shown to 

trigger the proPO activating system of plasma-CPB in the 

absence of elicitor. As proPO in insect hemolymph is often 

activated spontaneously when the hemolymph is collected 

through cut given to body wall (integument), unidentified 

substance(s) other than S-1,3-glucan and peptidoglycan has 

been speculated to activate proPO in insect hemolymph through 

its direct action on proPO or through triggering the proPO 

activating system. It is highly probable that the assay 

method for S-1,3-glucan recognition protein was inapplicable 

to silkworm hemolymph and ammonium sulfate fraction in Table 

2. 1. due to the presence of such substance(s) in them and 

that the substance(s) was removed from DEAE-Toyopearl 

fraction during the chromatography on DEAE-Toyopearl. 

Purification of S-1,3-glucan recognition protein. 

We tried to elute native S-1,3-glucan recognition protein 

from curdlan-type polysaccharide beads to achieve a one step 

purification of the molecule. But solutions, which could 

elute S-1,3-glucan recognition protein from the beads, always 

caused the inactivation of the molecule as is described in 

the next section. Therefore, for the purification of S-1,3-

glucan recognition protein, larval silkworm hemolymph was 

fractionated by the conventional purification methods. The 

purification procedures consisted of ammonium sulfate 

fractionation and column chromatography on DEAE-Toyopearl, 
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Affigel-heparin, Mono Q and Superose 12 in the fast protein 

liquid chromatography system of Pharmacia LKB Biotechnology 

Inc. Elution profiles of proteins and S-1,3-glucan 

recognition protein are presented in Figs. 2. 2 to 2. 5. 

Major and minor peaks of S-1,3-glucan recognition protein 

activity were detected in the chromatography on Affigel­

heparin and Mono Q, although it is not clear whether the S-

1 ,3-glucan recognition protein in the minor peaks is artifact 

generated during purification or if more than one kind of S-

1,3-glucan recognition protein occurs in vivo. In the 

present purification, the recognition protein in the minor 

peaks was discarded and only the recognition protein in the 

major peak was purified. In Superose 12 column 

chromatography S-1,3-glucan recognition protein activity was 

eluted at the position corresponding to a major protein peak 

(Fig. 2. 5). The major active fraction was used as purified 

S-1,3-glucan recognition protein. Typical data on the 

purification process of S-1,3-glucan recognition protein are 

summarized in Table 2. 1. About 2.03 mg of S-1,3-glucan 

recognition protein was obtained from 300 ml of hemolymph. 

The final product of the purification was a homogeneous 

preparation of protein (Fig. 2. 6). 

Homogeneity of purified S-1,3-glucan recognition protein 

and preliminary characterization of the protein. 

Purified S-1 ,3-glucan recognition protein migrated as a 

single band to the position corresponding to that of 62 K Da 

polypeptide in SDS-PAGE under reduced conditions (Fig. 2. 

6a). In IEF-PAGE the recognition protein preparation gave a 

single band, the position of which corresponded to 

isoelectric point, pH 4.3 (Fig. 2. 6b). The amino acid 
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Table 2. 1. Summary of purification of 8-1 ,3-glucan recognition protein from larval hemolymph of the 

silkworm, Bombyx mori. 

total volume protein activity specific activity purificationc recoveryC 
(ml) (mg/ml) (units/ml) (units/mg) ( % ) 

hemolympha 300 85.0 b 

ammonium sulfate 155 60.0 b 

precipitate 

DEAE-Toyopearl 91 .0 4.85 4.55 0.94 1 100 
....., 
I.r! Affigel- 71 .0 2. 71 6.18 2.28 2.43 106 

Heparin 

Mono Q 1.00 2.70 185 68.5 73.0 44.7 

Superose 12 5.34 0.38 29.8 78.5 83.7 38.6 

a, The volume of hemolymph collected from about 650 silkworm larvae. 

b, As hemolymph and ammonium sulfate precipitate contained un-identified factor(s} which causes 

activation of prophenoloxidase in plasma-CPB without 8-1 ,3-glucan and inhibitors for protease and 

phenoloxidase, respectively, 8-1 ,3-glucan recognition protein activity in these fractions could 

not be quantitated. 

c, Purification fold and recovery was calculated based on the specific activity and total activity, 

respectively, of DEAE-Toyopearl fraction. 
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Table 2.2. Amino acid composition of e-1,3-glucan 

recognition protein. 

amino acid 

Asp 

Thr 

Ser 

Glu 

Gly 

Ala 

Cys/2 

Val 

Met 

lIe 

Leu 

Tyr 

Phe 

Lys 

His 

Trp 

Arg 

pro 

recovered amino acida 
(mol./1,000 mol.) 

110 

44 

61 

111 

90 

65 

5 

57 

10 

59 

74 

42 

53 

67 

14 

19 

41 

78 

a, Values except for tryptophan are means of the results of 

three determinations in which separate samples were analyzed. 

Content of tryptophan was determined two times after 

hydrolyzes with methanesulfonic acid of separate samples 

as described under Materials and Methods and mean of the 

values is presented here. 
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3. Immuno-cytochemical localization of S-1,3-glucan 

recognition protein 

Introduction 

r 

The S-1,3-glucan recognition protein, which is a component 

'of the prophenoloxidase (proPO) activating system, seems to 

play an important role in recognizing fungi as non-self in 

insect hemocoel. To advance our understanding on the 

function and the action mechanism of the protein, much 

remains to be studied. One of them is localization of the 

protein in hemolymph. 

In this chapter the localization of the S-1,3-glucan 

recognition protein was studied by indirect immunogold 

stainirig technique using polyclonal rabbit anti-S-1,3-glucan 

recognition protein as the first antibody and g?at anti­

rabbit IgG linked to colloidal gold particle as the second 

antibody. The results indicate that plasma fraction of 

hemolymph and granules of granulocytes and spherules of 

spherulocytes contain the protein in silkworm. 

Material and methods 

Experimental animal 

The silkworm, Bombyx mori larvae were raised on artificial 

diet as described in chapter 1. 

Preparation of S-1,3-glucan recognition protein 

S-1,3-glucan recognition protein was prepared from 
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grade commercially available. 

Results and discussion 

Both of hemocyte homogenate and plasma fraction of 

hemolymph were shown to contain a polypeptide cross reactive 

to rabbit anti-S-1 ,3-glucan recognition protein IgG. The 

mobility of the polypeptide in SDS-PAGE corresponded to that 

of the purified 8-1 ,3-glucan recognition protein (Fig. 3. 1), 

indicating that the anti-S-1,3-glucan recognition protein IgG 

was monospecific to S-1 ,3-glucan recognition protein and that 

the protein is present not only in plasma fraction but also 

in hemocytes. 

Electron micrographs of hemocytes sections, which were 

stained sequentially with rabbit anti-S-1,3-glucan 

recognition protein IgG and GARG-10, are presented in Fig. 3. 

2-6. Numerous colloidal gold particles were detected in 

granules of granulocytes and spherules of spherulocytes. 

Although granules of granulocytes were dyed in various shades 

with uranyl acetate and lead citrate, gold colloid particles 

were clearly observed within these granules regardless of 

their various electron densities. The spherules of 

spherulocytes were labeled uniformly with gold colloid 

particles and the labeling density was the very high. And 

very few gold particles were detected in nuclei and 

cytoplasms of granulocytes and spherulocytes. On the 

sections of prohemocytes, plasmatocytes and oenocytoids, 

their labeling densities of gold particles were similar to 

those observed on control sections stained with rabbit IgG 
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purified from non-immunized serum instead of rabbit anti-S-

1 ,3-glucan recognition protein IgG (Fig. 3. 4-6). 

The above results indicate that S-1 ,3-glucan recognition 

protein is present at the highest concentration in the 

spherules of the spherulocyte (Table 3. 1). And 80 % and 98 

% of the numbers of the gold colloid particles detected in 

granulocytes and spherulocytes concentrated to the granules 

and the spherules, respectively. The average of labeling 

densities in the spherules of the spherulocytes is calculated 

from the data in Table 3. 1. to be higher than that in the 

granules of the granulocyte by a factor of 5.2. 

The granules characterizing the granulocytes are packed 

with fibrous materials consisted of subunits, which are 

claimed to be mucopolysacchride (Nittono, 1960), and the 

contents of mature granules are released into plasma in the 

silkworm hemolymph (Akai and Sato, 1973). Some section of 

granulocytes in the present investigation gave figures 

showing that they were in the process of degranulation and 

golds colloid particles were detected in the materials 

discharged from the granules of the granulocytes, suggesting 

that S-1 ,3-glucan recognition protein were released together 

with the mucopolysaccharide (Fig. 3. 7). 

with respect to the first stage of the cellular defense 

reactions of insects such as nodule formation and 

encapsulation, it has been suggested that granule-containing 

cells degranulate in random contact with foreign objects such 

as fungi and bacteria and that a sticky substance(s) 

discharged from granules forms coagula where the foreign 

objects and reactive hemocytes are entrapped (Ratcliffe and 

Rowley, 1979). In Bombyx larvae the granulocytes encapsulate 
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a larger foreign bodies and the sheaths formed round them is 

composed of two layers. The outer layer consists of only 

plasmatocytes and the inner one of only granulocytes, which 

release their secretory materials to the space among the 

cells. Melanization also occurs in the inner sheath (Sato et 

al, 1976). Although the function of 8-1 ,3-glucan recognition 

protein on the cellular reaction is unclear, it is obvious 

that the protein discharged from granulocytes enhances the 

activation of the proPO activating system in the case that 

the fungi invading into hemocoel are encapsulated. 

The function of spherulocytes of silkworm is unclear. 

However, it has been known for long that the spherules of the 

cells give strong positive reactions for reagents for 

staining neutral mucopolysaccharides and mucoproteins 

(Nittono, 1960). Recently, the preliminary characterization 

of the cell type of two lepidopteran species was carried out 

by Cook et ale (1985), showing that spherules contain a 

sulphated glycosaminoglycan like substance, which may possess 

the anticoagulant activity like heparin. S-1,3-Glucan 

recognition protein in spherules of spherulocytes of silkworm 

seems to be associated with such mucopolysaccharide, since 

the protein was shown to be adsorbed by an Affigel heparin 

column in the course of its purification. Akai and Sato 

(1973) claimed that mature spherulocytes release the 

materials of spherules into plasma by exocytosis under normal 

physiological conditions. On the examination under the 

electron microscopy, spherulocytes discharging materials from 

their spherules were observed, supporting the inference of 

Akai and Sato. The empty spherules were negative to the 

immunogold staining of S-1,3-glucan recognition protein (Fig. 
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3. 8). Therefore, spherulocytes seem to supply plasma with 

S-1,3-glucan recognition protein. 

previously proPO was reported to be synthesized in 

oenocytoid of the silkworm, Bombyx mori and is released into 

culture medium (Iwama and Ashida, 1986). And recently, a 

more detailed study on the localization of the proenzyme 

among hemocytes of silkworm was carried out and revealed that 

only plasmatocytes and oenocytoids have the protein both in 

cytoplasm and nucleus (Ashida et al., 1988). Considering the 

localization of proPO and S-1,3-glucan recognition protein, 

it is evident that the activation of proPO induced by S-1,3-

glucan take place only in plasma. 
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questions: What structure of S-1,3-glucan is recognized by 

the protein? ; Does any structural change occur in this 

protein which binds to S-1,3-glucan? ; What kind of factor 

does interact with the protein-glucan complex within the 

proPO activating system? ; Does the amino acid sequence'of 

the binding site of S-1,3-glucan recognition protein have 

similarity with those of the S-1,3-glucan recognition 

proteins or receptors in the other biological system? Once 

these questions can be answered, our understanding of the 

effects exerted by S-1,3-glucan in various biological systems 

including insects will advance considerably. 
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