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BIOCHEMISTRY OF THE HAEMOLYMPH OF
PHTHORIMAEA OPERCULELLA LARVAE
TREATED WITH BACILLUS THURINGIENSIS
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SUMMARY: Quantitative changes in the amino acids of haemolymph of the potato tuber moth Phthorimaea
operculella after treatment with Bacillus thuringiensis were detected. The amounts of aspartic acid, threonine,
serine, proline, glycine, alanine, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine and arginine
decreased. Other acids such as glutamic acid, cysteine, histidine and lysine showed a marked increase after
treatment with B. thuringiensis. P. operculella larvae treated with B. thuringiensis showed some reduction of
calcium and magnesium ions but there was no obvious change in the level of zinc ions. A slight decrease in
sodium and obvious increase in potassium and manganese ions occurred. The changes in Na+/K+ concentration after treatment throw light on the possibility that they may be among the factors interfering with toxicity
caused by B. thuringiensis.
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INTRODUCTION
The larvae of the potato tuber moth Phthorimaea
operculella showed to be susceptible to some varieties
of the biocontral agent Bacillus thuringiensis (unpublished). The mode of action of B. thuringiensis on this
insect species has to be investigated. Biochemical
changes in the haemolymph of insects treated with B.
thuringiensis were reported by Cheung et. al. (4),
Boctor (3) and Salama et. al. (15). Changes in the total

copper with the protein (10). The intensity of the color was
measured photometrically by using a bousch and lamb spectrophotometer 710 at 750 nm.
Free amino acids
Free amino acids were determined in pooled haemolymph
samples (1-2 ml) using an automatic amino acid analyzer.
Separation was achieved with a strong cation exchange
column; post-column detection was done with ninhydrin.

proteins, amino acids and cations occurred in varying
degrees.
MATERIALS AND METHODS
Analysis was performed on the final (fourth) instar larvae
of P. operculella, which were still feeding and active.
Haemolymph was collected by cutting of one or more prologs.
The haemolymph subsequently excluded was collected with a
five micro-liter micro-capillary tube and quickly diluted into an
appropriate volume of cold water to prevent coagulation. Each
larva usually yielded between 0.5 and 1 ul of haemolymph.
Total proteins
Protein reacts with the folin ciocalteau reagent to give a
blue colored complex due to the reaction of the alkaline
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Inorganic elements (cations)
The cations potassium, sodium, calcium, magnesium,
manganese, copper, iron and zinc present in the haemolymph
were measured using an atomic absorption spectrophotometer on haemolymph samples (between 1 and 5 ul diluted into 3
ml of water).

RESULTS
Effect of B. thuringiensis on haemolymph composition
a) Effect of total haemolymph proteins and amino
acids
Data obtained show a marked decrease in total proteins in the haemolymph of larvae of P. operculella fed
on a diet containing a lethal concentration of B.
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thuringiensis var. galleria HD-234. The total proteins in

b) Effect of B. thuringiensis on haemolymph cations

the control was 2.12±0.095 mg/ml; $ this decreased to

The data (Table 2) show a slight decrease in Na +

1.61±0.006 mg/ml in the treated larvae. The depro-

concentrations

teinized haemolymph of P. operculella larvae was ana-

thuringiensis. So, in the haemolymph of healthy larvae,

lyzed for the free amino acids and the results are given

the concentration of sodium ions was 439 ppm, this

in Table 1. From the results, it appears that :

decreased to 312 ppm two days after treatment with B.

1. Seventeen amino acids were detected in
haemolymph of the larvae of P. operculella.

(70%)

after

treatment

with

B.

thuringiensis. On the other hand, the potassium ion
concentration in the haemolymph showed a marked

2. The pattern of some amino acids in the

increase (143%) after larval treatment. The concentra-

haemolymph of P. operculella, as affected by treatment

tion of K + of healthy larvae was 3413 ppm, this

with B. thuringiensis var. galleria HD-234 showed an

increased to 4913 ppm two days after treatment. The

obvious decrease in haemolymph of the treated larvae.

Na +/K + was 0.129 in the haemolymph of the healthy

These amino acids were aspartic acid, threonine,

larvae as compared to 0.0636 in the larvae treated with

serine, proline, glycine, alanine, cysteine, valine,

B. thuringiensis.

methionine, isoleucine, leucine, tyrosine, phenylala-

An obvious decrease in the concentration of cal-

nine, lysine and arginine. The pattern of other amino

cium (51%), magnesium (78%), and copper ions (63%)

acids, such as glutamic acids, histidine, was higher in

occurred after treatment with B. thuringiensis. On the

the haemolymph of treated larvae as compared with

other hand, an obvious increase in the concentration of

that of untreated individuals.

manganese (143%) and zinc (114%) ions was
observed in the larval haemolymph after feeding on a

Table 1: Pattern of amino acids (a.a) in haemolymph of P. Oper-

diet containing B. thuringiensis. Iron ions, were more or

culella as affected by treatment with B. thuringiensis var.

less constant in the haemolymph of both healthy and

galleria HD-234.

treated larvae.

No. Amino
Acids

DISCUSSION

Control (untriated)
concentrations of a.a.
gm/16 gm N

Treated
concentrations of a.a.
gm/16 gm N

1 Aspartic acid

0.972

0.513

2. Threonine

4.551

1.995

3 Serine

1.0451

0.343

4 Glutamic acid

0.0172

0.128

5 Proline

2.744

0.137

agrees with the observation of Salama et. al. (15).

6 Glycine

1.730

0.292

Analysis revealed a number of free amino acids in the

7 Alanine

1.193

0.302

haemolymph of P. operculella, most of which are com-

8 Cystine

0.168

0.972

monly present in proteins. The most abundant amino

9 Valine

2.526

1.054

10 Methionine

0.258

0.101

11 Isoleucine

0.722

0.149

12 Leucine

1.493

0.140

Haemolymph amino acids play an important role in

13 Tyrosine

1.360

0.040

the synthesis of cuticle constituents and in silk produc-

14 Phenylalanine

2.213

0.150

tion (13,18). Proline and alanine are believed to be

15 Histidine

0.149

0.527

involved in cold hardness.

16 Lysine

1.307

0.398

17 Arginine

6.548

2.723
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The present investigations clearly show that the
mode of action of B. thuringiensis involves biochemical
changes in the haemolymph of P. operculella. The level
of proteins in the haemolymph markedly decreased
during larval treatment with B. thuringiensis and this

acids were arginine, aspartic acid, threonine, serine,
glutamic acid, proline, alanine, leucine and isoleucine.

All amino acids found are likely to contribute as a
general pool for the synthesis of new proteins and for
Journal of Islamic Academy of Sciences 7:3, 163-166, 1994
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Table 2: Effect of B. thuringiensis var. galleria HD-234 on
haemolymph cation concentration of P. operculella.

involved in osmoregulation and buffering (13). Quantitative changes in the amino acids of haemolymph after
treatment with B. thuringiensis were detected. The
amounts of aspartic acid, threonine, serine, proline,

Concentrations (ppm) of citaons
No

Cations

Control

Treated

3413.00±539.91

4913.33±173.33

isoleucine,

1

Potassium

arginine

2

Sodium

439.85±8.69

312.21±4.12

3

Calcium

213.33±8.82

110.00±15.28

4

Magnesium

453.66±30.36

354.33±17.46

5

Manganese

0.66±0.70

0.93±0.12

after treatment with B. thuringiensis. Changes in the

6

Copper

4.95±0.11

3.14±0.26

free amino acid content of Melolantha larvae infected

7

Iron

19.65±4.85

19.78±7.41

with Bacillus ribourgensis were reported by Benz (2),

8

Zinc

18.38±4.09

21.13±0.91

glycine,
leucine,

alanine,
tyrosine,

valine,

methionine,

phenylalanine

and

decreased. Other acids such as glutamic acid, cysteine, histidine and lysine showed a marked increase

with a marked increase in histidine, valine, leucine and
alanine contents and with decrease in all peptides. On
the other hand, Drilhon et. al. (5) observed a reduction

The inorganic constituents such as Na+, K+, Ca++ are

in free amino acids content in the haemolymph of

of vital importance in view of their role in the neurophys-

larvae of Bombyx mori due to flacherie.

iology of the insect and their levels inside and outside

Narayanan et. al. (12) reported more amino acids in

the nerve membrane and they have to maintained for

the larvae of Plutella maculipennis treated with B.

the propagation of impulses (14). P. operculella larvae

thuringiensis than in the healthy ones. This could be

treated with B. thuringiensis showed a reduction of cal-

correlated to be lysis of cells and tissues which results

cium (193.9%) and magnesium (71.2%), but no obvious

in the mortality of the caterpillar due to gut paralysis.

change in the level of zinc ions (114%). There was a

Narayanan (11) and Lecadet (9) reported that the
presence of various amino acids in diseased caterpil-

slight decrease in sodium (70%) and obvious increase in
potassium (143%) and manganese (138%) ions.

lars may be attributed to the presence of bacterial

The changes in Na +/K + and changes in their con-

spores and crystals since it has been reported that

centration after treatment throw light on the possibility

crystals of B. thuringiensis var. thuringiensis and B.

that they may be among the factors interfering with the

thuringiensis var. sotto contain nearly 8 amino acids.

toxicity with B. thuringiensis. In this concern, Tiwari and

The 6-fold increase in the content of cysteine in dis-

Methotra (16) reported that the changes observed in

eased larvae may also be attributed to possible disso-

pH, sodium and potassium ion concentration and

lution of protein crystals of B. thuringiensis. This could

Na+/K+ ratio Achaea Janata L. and Spodoptera litura F.

be due to the activity of proteolytic enzymes or the

treated with B. thuringiensis may not be important as

presence of reducing substances in the gut which may

far as the toxicity is concerned. These changes may be

lead to the release of high amounts of cysteine.

a secondary feature and are different for various insect

Salama et. al. (15) reported that the level of pro-

species. Florkin and Jeniaux (6) found that the

teins in the haemolymph of Spodoptera littoralis

absolute concentration of various cations in the

markedly decreased during larval treatment with B.

haemolymph is not as important as the ratio of sodium

thuringiensis. Other quantitative changes in the amino

and potassium (1,7). These authors gave a through

acids of haemolymph were also detected. Lepidoptera

account of the general symptoms of intoxication by B.

are know to have haemolymph with a low concentration

thuringiensis as well as changes in blood pH and

of sodium and high concentration of potassium, mag-

midgut histology that follow ingestion of the bacteria by

nesium and organic solutes (6,8,17).

a wide range of lepidopterous pests.
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