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The larvae of the armyworm, Leucania sepa­

rata show a greenish yellow or brown colour

when reared in isolation. But those reared in

high density show a fine velvety black in their

dorsal regiorr". The black pigment of the larval

integument is reported to be a kind of indole

melanins",

It is well known that the phenoloxidase cata­

lizes the production of qui nones which are

responsible for the hardening and darkening of

the integument of insects after their molting

and pupation.

In the present report, substrate specificity and

some other characteristics of the armyworm

phenoloxidase were investigated by using the

haemolymph of the gregarious black larvae.

Furthermore, phenoloxidase activities were com'

pared between the isolated type and the high de'

nsity type of the armyworm over several stages.

* This work was read at the meeting of the
Tokai branch, Japanese society of applied
entomology and zoology in Gifu, July, 1967.

Material and Methods

Insects

The larvae used in this study were reared in

the laboratory on the leaves of cornplants by

the method of Ikemoto'".

Preparation of enzyme solution

Enzyme preparations were made as follows:

Haernolymph was collected in cold tube to protect

haernolymph from melanization. Samples collect­

ed from 15 to 30 individuals were mixed in

order to obtain at least 0.8ml of haernolymph

for each experiment, and 0.6ml of haemolymph

was diluted to 4ml with M/15 phosphate buffer

(pH 7.0). The diluted haemolymph was used as

an enzyme solution.

Dorsal region of the abdominal integument

was dissected out from the remainder of the

body, and washed with distilled water. The

integuments of about seven animals were pooled

together, and homogenized with 15 volume of

MilS phosphate buffer (pH 7.0), and then after

centrifuging, supernatant liquid of the hornogena-
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Table 1.

pH

Relative activity

1!5 £R W ¥: m 37 ~-II

pH dependence of the oxidation of catechol by armyworm phenoloxidase

4.0 5.4 5.6 6.0 6.4 6.8 7.0 8.0 9.0 9.5 10.4

0 O. 75 1.11 1. 03 1. 08 1. 08 1.0 1.14 0.54 0.26 O. 14

Haemolymph of the gregarious black larvae was used as enzyme solution. Acetate, citrate,
phosphate, veronal and carbonate buffers were used for pH ranges of 4.0-5.4, 5.4-6.0, 6.0-7.0,
8.0-9.0, and 9.5-10.4, respectively.

tes were used as an enzyme solution. This

experimental procedure was carried out at 3°C.

Measurement of phenoloxidase activity
The activity of phenoloxidase was estimated

manometrically at 23°C. The reaction system

used was 0.75ml of phosphate buffer (M/15, pH

7.0), 0.45ml of distilled water and 0.5ml of

substrate solution in the main vessel and 0.3ml

of enzyme solution in the side arm and 0.2ml

of 1096 KOH solution in the center well. After

temperature equilibration was reached at 28°C,

the reaction was initiated by introducing the

enzyme solution from the side arm into the main

vessel chamber. Oxygen uptake was observed

at 5 minute intervals. The enzyme activity was

measured from the reading of the first 10 minutes

of the time course of oxygen uptake and expres-

sed as f.!I.

In inhibition experiment, 0.45ml of distilled

water in the reaction mixture was replaced by

an inhibitor.

Results and Discussion

Nature of haemolympb phenoloxidase
Using catechol as substrate, the effect of pH

on the enzyme activity was studied. The results

are given in Table 1. Phenoloxidase of haerno­

lymph shows a plateau of activity ranging from

pH 5.6 to 8. O. This is followed by a marked

decline over pH 9.0 and 10.4. Ohnishi showed

that phenoloxidase activity of Drosophila virilis
appeares to be of no significant difference rang­

ing from pH 5.5 to 7.011) .

Waku and Iwao showed that armyworm phe-

Table 2. Phenoloxidase activity to different substrates (f.!I)*

Substrate Activity Activity on catechol Ratio
(a) 0.25xlO-IM(b), 0.25x1O-2M(c) a/b(c) X100

o-Cresol 0
o-Cresol-l- 15.0 61. 6 19.0 24 (79)Catechol 0.25xlO-2M

m-Cresol 0
p-Cresol 56.5 57.5 98
Guaiacol 0
Guaiacol+ 16.9 58.3 19.6 37 (86)Catechol 0.25xlO-2M

Tyrosine 21. 0 57.5 18.2 (115)
Resorcin 0
Resorcin+ 2. 7 58.1 17.6 5 (16)Catechol 0.25x1O-2M

Dopa 57.3 58.0 99
Hydroquinone 0
Hydroquinone+ 64.3 61. 4 18.1 105(356)Catechol 0.25X1O-2M

Pyrogallol 24.7 57.5 35
Phloroglucinol 0
Phloroglucinol + 14.4 58.0 16.1 25 (89)Catechol 0.25 X10-2M

Hydruxyhydroquinone 117.5 57.5 204
Dimethyl-p-phenylenediamine 2.0

* Haemolymph from the gregarious black larvae was used as enzyme solution.
Substrate concentration, 0.25x1O-IM (except for tyrosine of 0.25X1O-2M).
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noloxidase catalizes aerobic oxidation of diphenol,

catechol!", As shown in Table 2, it was found

that the enzyme in the haemolymph of the

armyworm oxidizes o-diphenol (dopa, catechol,

and pyrogallol) and p-monosubstitutedphenols

(p-cr'esol and tyrosine). Oxygen uptake was not

observed with e-cresol, guaiacol, hydroquinone,

phloroglucinol and dimethyl-p-phenylenediamine.

Hydroquinone could be oxidized indirectly, how'

ever, by adding a small amount of catechol to

the reaction system, as in the case of Drosophila

phenoloxidase!'?.

It is well known that there is a lag phase in

the early stage of aerobic oxidation of mono­

phenols, i. e., p-cresol and tyrosine. As shown in

Figure 1, when haernolymph from isolated pale

larvae was used as enzyme solution, there

was a lag period for 8 minutes, and thereafter

the rate of oxygen uptake rose linearly in the

oxidation of tyrosine. Enzyme preparation from

the gregarious black larvae, however, exhibited

no lag period in the oxidation of monophenols.

Nakamura and Sho reported that catechol and

dopa or reducing agents such as hydroquinone,

ferrocyanide and ascorbic acid were able to

shorten the lag period of monophenol oxidation

in the silkworm phenoloxidasev. Ikemoto showed

that the content of dopa in the larval haemolyrnph

from crowded culture is higher than that in the

larval haemolymph from isolated culturev. The

phenomenone mentioned above may be explained

partly by the occurrence of dopa in a consider­

able amount in haemolymph of the gregarious

black larvae. When catechol and hydroxyhydro­

quinone were used as substrates, the rates of

oxygen uptake fall with the lapse of time.

Similar change in oxygen uptake was observed

in the case of the silkworm haernolyrnph phenol­

oxidase",

Effects of various inhibitors on phenoloxidase

activity are summarized in Table 3. From these

'data, it was found that activity was inhibited by

any agents which combine with heavy metals,

Final molar ~6
concentration Inhibition

-----_._--------
Inhibitor

Larval haemolymph from crowded culture was
used as enzyme solution.

Table 3. Effects of inhibitors on phenoloxidase
activity

-------------

especially with copper. Therefore, it is reasonable

to assume that armyworm enzyme, like all other

phenoloxidase, is a copper protein.

Phenoloxidase activity in haemolymph and inte­

gument of the armyworm over several stages

Figure 2 shows the changes in phenoloxidase

activities in haemolymph of both types during

the period from the late stage of the fifth instar

Na dlethylthio- 10-3 100carbamate
10-4 5.2

Thiourea 10-2 100
10-3 67
10-4 0

Monoiodoacetic acid 10-2 18.9
10-3 8. 5

p-nitrophenol 1.5 X 10-2 100
O.25xlO-2 0

.... .... KeN 10-3 95
Sodium azide 1O-! 47.9

10-3 0
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Fig. 2. Changes in phenoloxidase activity of the armyworm
haernolymph at different stages.
Catechol was used as substrate.

to the beginning of the pupal stage.

Shortly before pupation the activity of each

type increases rapidly and reaches maximum at

the time of the initiation of pigmentation and

hardening of the pupae, then decreases quickly

and becomes almost nill, as in the case of Bom­
by,; mori and Prodenia blitura G,v,'2>. The above

measurement suggests an intimate relation be­

tween phenoloxidase activity and pupation.

Haemolymph of the gregarious black larvae

showed higher phenoloxidase activity than that

of solitary pale larvae. But the difference was

not recognized in phenoloxidase activity of

haemolymph between the isolated type and the

high density type during the period from the

prepupal to pupal stage.

Figure 3 shows the changes in phenoloxidase

activities in the integument of both types over

several stages.

Phenoloxidase activity in the integument of

each type becomes high at the middle of the

sixth instar period, then decreases untill maturate

larval stage, and then increases abruptly reaching

again at a high level just after prepupation,

followed by a decease to the lowest level just
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after prepupation, followed by a decease to the

lowest level just after pupation. The integuments

of the gregarious black larvae showed higher

phenoloxidase activity than those of the isolated

pale larvae. It is interesting that phenoloxidase

activity of the integumental extract becomes

almost nill just at pupation. The result obtained

is consistent with Kawase's? observation on the

silkworm. It is not necessary to infer from this

that the autoxidation of the tyrosine metabolites

plays some significant roles in the hardening

and darkening which take place in the integument

during pupation period. Because the water-in­

soluble enzyme may probably be responsible for

the hardening and darkening of the integument

after pupation as in the case of the sllkworm!",

The fact that phenoloxidase activities in both

haemolymph and integument of the black larvae

are higher than those of the isolated pale larvae

suggests that phenoloxidase may be related to

the difference of the ability of melanin formation.

The author ascertained the followings: (i) Black

pigment of the larvae produced under crowded

condition is a kind of indole melanins'", (ii) Free

tyrosine is the main substrate of the haemolymph
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phenoloxidase, (iii) The content of dopa in the

larval haernolymph from the crowded culture is

higher than that in the larval haemolymph from

the isolated culture", And it is believed that

indole melanins are synthesized by the action of

phenoloxidase on tyrosine, the first product form·

ed being dopa which undergoes further oxida­

tion.

From these considerations, it seems likely that

crowded culture results in an increased amount

of dopa as a result of the stimulation of phe­

noloxidase activity in haernolymph, more dopa

formed in haernolyrnph pass into the integument

and then more indole melanin is produced from

a considerable amount of dopa by the increased

activity of phenoloxidase through some inter­

mediates in the larval integument. The indole

melanin formed in this way is responsible for

the blackened coloration relating to larval density.

In silkworm mutations, the formation of larval

dark integument is due to the difference of

phenoloxidase activity in the .integument rather

than that of the haemolyrnph phenoloxidase!',

The possibility remains that the larval phenol­

oxidase of the armyworm occurs in similar

amount in the two types but that the phenoloxi-

dase of the isolated pale larvae is inhibited by

the subtance(s) like the sulfhydryl-containing

compound (s) which occurs in haemolymph and

the integument of the isolated pale larvae. It has

been reported that in locust the phenoloxidase

occurs as much in the green solitaria as in the

black gregaria hoppers, and inhibitor(s) is pre­

sent to a greater extent in the solita ria hopperst'",

From this phenomenon, detailed experiments on

these subjects can be performed in the future.

It has bees known that pupae ecdysis from

both isolated and crowded culture do not differ

in their colour, in spite of their remarkable

colour difference appearing in the larval stage'",

It is interesting in this connection that there is

no difference in phenoloxidase activity between

both types during the course of development

from late prepupa to pupa.

Summary

1. Phenoloxidase of the armyworm haernoly­

mph has the characteristics of typical mono­

phenoloxidase.

2. Phenoloxidase activity in haemolymph incre­

ases significantly at the time of pupation.

3. When haernolymph from solitary pale larvae
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was used as enzyme solution, there is a lag period

in the oxidation of monophenol, tyrosine. On the

other hand, haernolymph prepared from the

gregarious black larvae shows no lag phase in

the oxidation of monophenols.

4. The gregarious black larvae show a higher

phenoloxidase activity in both haemolymph and

integument than the isolated pale larvae.
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Introduction

Pyrethrum extract has been widely used as an

insecticide from ancient times due to its quick

knock-down effect to insects and low toxicity to

mammals. "Pyrethrins", the insecticidal princi­

ples, consist of six insecticidal esters; cinerin I

(cin. I), jasmolin I (jas. I), pyrethrin I (pyr. I),

* Part I of this series appeared in Reference 20>.
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cinerin II (cin, II), jasmolin II (jas. II), and

pyrethrin II (pyr. II). Pyrethrin I and II are

more toxic than the corresponding cinerin I and

II to houseflies'r" and mustard beetles8,7l . Pyre­

thrins I (a mixture of cin, I, jas. I, and pyr, I)

are recovered in better yield than pyrethrins II

(a mixture of cin. II, jas. II, and pyr. II) from

smoke of mosquito collsv. Cinerin I and II are

more stable than pyrethrin I and II to sunlight!',


