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A perchloric acid extract of eggs of Hemileuca oliviae inhibits bovine trypsin, kallikrein and papain, as well as the 
native proteolytic activity (pH 7.0) of the developing embryo. Specificity is indicated by the lack of inhibition of 
other proteases. The amount of inhibitory activity changes during embryological development, reaching a maxi- 
mum around 23 days, when the larva is fully developed. The inhibitory activity was lost by dialysis and was 
destroyed by ashing (450°C, 18 h) but was unaffected by exposure to 97°C for 3 min. The presence of two 
protease inhibitors was detected in the perchloric acid extract. The principal component has a molecular weight 
of approx. 9000 and its heat sensitivity is affected by pH. At the present time the role of these inhibitors in the 
developing embryo is unknown. Some trypsin-like native protease activity occurs in the egg during embryogenesis 
and may thus be the target enzyme in vivo. 

Introduction 

As the significance of tissue proteases in the regu- 
lation of physiological functions has become more 
evident, there has been a concomitant increase of 
interest in naturally-occurring protease inhibitors. 
Such endogenous inhibitors provide an efficient, 
direct mechanism for preventing undesirable proteol- 
ysis, and thereby obviate the need for metabolically- 
expensive regulation through substrate-specificity. 
The precise biochemical role of such protease inhibi- 
tots is unknown in most cases. Their presence in 
tissues of insect egg, larvae and adult is well estab- 
lished [1-7] and suggests the extent and variability 
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of their function in both development and differenti- 
ation of insects. Although the role of protease inhibi- 
tors in insect embryogenesis has not yet been demon- 
strated, the well-documented roles of proteases, and 
their inhibitors, in many other developing and differ- 
entiating systems (see review, Ref. 8) suggests that 
proteases and inhibitors may well play a significant 
role in the regulation of development and differen- 
tiation of insects. 

Our earlier studies of the changes in proteolytic 
activity during embryogenesis of insects [9,10] stimu. 
lated our interest in a possible involvement of 
naturally-occurring inhibitors in such changes. This is 
the first report of purification of protease inhibitors 
from eggs of insects, although Kang and Fuchs [6] 
noted the presence of inhibitory activity against 
trypsin in the eggs of Drosophila. This paper describes 
the purification of the perchloric acid-soluble 
protease inhibitors found to occur during embryo- 
genesis of Hemileuca oliviae (Ckl.) (Lepidoptera, 
Saturniidae). Some characteristics of the principal 
inhibitor are reported. 
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Materials and Methods 

All chemicals used were of reagent grade or better 
and were purchased from the following sources: 
trypsin, elastase, chymotrypsin, pepsin, papain, 
cathepsin, kallikrein, ficin, bromelain, collagenase, 
glucagon, a-N-benzoyl-DL-arginine-p-nit roanilide 
(BAPNA) from Sigma Chemical Co.; CNBr-Sepharose, 
from Pharmacia; azocoll, from Calbiochem-Behring 
Corp.; Bio-Gel P-30 from BioRad Laboratories; and 
insulin was a gift from Eli Lilly. 

Protein concentrations were estimated by the 
method of Warburg and Christian [ 11 ]. Inhibition of 
proteolytic activity of commercial proteases and of 
the endogenous egg protease was assayed with azocoU 
and at appropriate pH optima, 7.0, for the native 
protease. 

Inhibition of the hydrolysis of BAPNA by trypsin 
was used to follow purification of the inhibitors [ 12]. 
One unit (U) of inhibitory activity is defined as that 
amount of inhibitor which inhibits one unit of 
trypsin activity, i.e., AA4os of 3.32 per min at 25°C 
in 3 ml assay mixture. The inhibition of a wide 
spectrum of commercially-available proteases, and of 
the native egg proteolytic activity, was evaluated 
using azocoll as substrate. The azocollysis assay 
routinely contained 10 mg azocoll in 1.5 ml of 
appropriate buffer and 0.5 ml enzyme-inhibitor mix 
(0.1 ml enzyme preparation, having activity with 
azocoll of 0.5 AAs20 per 20 h plus 1.2 ml neutralized 
perchloric acid extract, preincubated 5 rain at 22°C); 
2 drops of toluene were added and the mixture was 
incubated 20 h at 35°C. After incubation the assay 
mixtures were rdtered and absorbancy of the filtrate 
was measured at 520 nm. 

Trypsin-Sepharose 4B for affinity chromatography 
was prepared according to the method described by 
Pharmacia [ 13]. 

Eggs of Hemileuca oliviae, collected from range- 
land near Capitan, NM, U.S.A. were crushed in 5% 
perchloric acid (1 g: 3.5 ml) in an ice-cold mortar; the 
perchloric acid extract was heated to 60°C for 3 min 
to destroy any trypsinogen, and then clarified by cen- 
trifugation for 10 min at 5000 X g. The extract was 
then adjusted to pH6 with 5 M K2CO3 and cen- 
trifuged to separate the perchlorate. The supernate 
was concentrated in vacuo, loaded onto a column of 
Sephadex G-50 (1.5 × 6.0 cm), and the flow rate 
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adjusted to 0.5 ml/min while fractions (0.5 ml)were 
collected. 

Results and Discussion 

Variation in the amount of total inhibitory 
activity occurs during embryogenesis, as shown in 
Fig. 1. Developmental stages indicated are based on 
the studies of Matolfn, S. (personal communication). 

Chromatography of the perchloric acid extract on 
Sephadex G-25 indicated the molecular weight of the 
inhibitory activity to be >5000 since all activity 
emerged in the void volume. It is of some interest 
that a distinctive yellow-colored material emerged 
near the end of the fractionation volume of Sephadex 
G-50, after the emergence of inhibitory activity. 
Emergence of both the inhibitor and yellow material 
coincided with the emergence of material which 
absorbs at 280 nm (Fig. 2). 

The protease inhibitory activity in the effluent 
from the Sephadex G-50 column was fractionated 
into two protease inhibitors by affinity chroma- 
tography on trypsin-Sepharose 4B (Fig. 3). The prin- 
cipal inhibitor was eluted with 1.0 M NaC1, while 
another inhibitor was eluted with 0.1 M sodium- 
acetate at pH 4.5. The first peak of inhibitory activity 
represents excess load of inhibitor which failed to 
bind the trypsin-Sepharose 4B. 

The inhibitory activity is extremely heat-stable. 
Holding the perchloric acid extract at 97°C for 3 rain 
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Fig. 1. Fluctuation in trypsin-inhibiting activity of perchloric 
acid extract during embryogenesis of Hemileuca oliviae. Eggs 
were crushed and homogenized in 5°/; perchloric acid, then 
the extract was clarified by centrifugation (12000 X g for 
10 min) and the supernate was assayed for inhibition of 
trypsin. 
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Fig. 2. Gel permeat ion chromatography of  perchloric acid 
extract  on Sephadex G-50. The co lumn (2 X 30 cm) was 
equilibrated in Tris-HC1 0.1 M pH 7.8, and loaded with the  
clarified concentrated perchloric acid extract ,  t hen  washed 
with the  equilibrating buffer.  Fract ions (0.5 ml) were col- 
lected at a flow rate of  6 ml /h  at 24°C. o . . . . . .  n, yellow 
band,  o o, absorbance at 280 n m ; •  =, inhibitory 
activity. 

did not affect the inhibitory activity. An effect of pH 
on the heat sensitivity of the purified inhibitor is 
shown in Fig. 4. At 70°C, 50% of the activity was 
destroyed more rapidly at pH 10 (1.75 h ) than  at 
pH 7 (5.1 h) and less rapidly at pH 4 (7.4 h). The 
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Fig. 3. Affini ty chromatography  of  the  effluent  f rom 
Sephadex G-50 co lumn on trypsin-Sepharose 4B. The co lumn 
(1.5 X 2.5 cm) was equilibrated with Tris-HC1 0.05 M, pH 
7.8, and loaded with 10 ml o f  eff luent  (25.7 mg protein/ml)  
then  washed with the  starting buffer  (10 ml). At fraction 13 
elution was begun with the  starting buffer  +0.5 M NaC1, and 
at fraction number  23, with  the  starting buffer  +1 M NaCI, 
then  at fraction number  39, with  0.1 M sodium-acetate  pH 
4.5. Fract ions (1.4 ml) were collected at a flow rate o f  6.5 
ml /h .  I-1, inhibitor 1; I-2, inhibitor 2. o - - - o, absorbance 
at 280 n m ; •  • ,  mU • m1-1 . 
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Fig. 4. Effect of pH on stability of inhibitor I-] at 75°C. ) ml 
inhibitor I-1 was mixed with 1 ml of  appropriate buffer  at 
each pH, and at each t ime interval 0.5 ml was removed and 
assayed, o o, p H 4 ;  • e ,  pH 7; • ®, pH 
10.00. 

relative stability at pH4 is consistent with the 
findings of Kang and Fuchs [7] for a protease 
inhibitor from D. rnelanogaster, i.e., 50% loss of 
activity at pH 3.6, at 70°C in 5.7 h. 

The molecular weight of the protease inhibitor was 
estimated to be 9000 based on chromatography on 
Bio-Gel P-30 using insulin and glucagon as standards. 

Table I summarizes the results of the purification 
method. 

Due to the preliminary nature of this study we are 
unable to establish a precise physiological role of 
these protease inhibitors, but the concurrent finding 
of trypsin-like protease activity during our other 
studies of proteolytic activity during embryogenesis 
suggests such an enzyme as a likely candidate as the 
target protease in vivo of these inhibitors. 

Recent studies have noted that the interference 
with complex biological phenomena, e.g., tumor- 
igenesis, by synthetic protease inhibitors (TLCK = 
N-a-p-tosyl-L-lysine chloromethyl ketone) may be 
more correctly attributed to inhibition of protein 
kinase activity [14]. If such a role is of significance 
for synthetic exogenous inhibitors then it seems 
logical to investigate such an effect by endogenous 
inhibitors in a similarly complex biological phe- 
nomenon such as embryogenesis. 

Our future studies are planned to investigate both 
of these possibilities. 
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