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ABSTRACT. The concentration of total protein in the haemolymph and fat
body of the fourth instar larva of Pectinophora gossypiella Saunders in-
creased in diapause and in early ages of terminationofdiapause relative to
that in the active phase. In late ages of termination of diapause, a drop took
place. Thehaemolymph and fat body of the active, diapause and7 agesdur-
ing termination of diapause of the larva were electrophoretically separated
into 15 and 12 protein bands for both tissues, respectively. The different ph-
ases of the larva showed 2-7 protein bands whose concentration varied
greatly during induction and termination ofdiapause. Some of these bands
in both tissues examined were simple proteins, others were glycoproteins,
lipoproteins or lipoglycoproteins. Some of these bands in both tissues were
identical, while others were non-identical or specificior each tissue. During
diapause, 3 characteristic protein bands appeared in each of the
haemolymph and fat body, of which only one band was identical in both tis-
sues. During termination of diapause some protein bands appeared in the
haemolymph before their appearance in the fat body., or were neyer de-
tected in the fatbody, which suggested that some tissues, other than the fat
body, might be involved in synthesizing haemolymph protein. The
haemolymph and fat body during late ages of diapause termination re-
gained many of the characteristic protein pattern of the active phase.
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Introduction

In the present work, the haemolymph and fat bedy of the fourth instar larva of the
pink bollworm Pectinophora gossypiella Saunders were analyzed for estimating
changes in the pattern of protein during induction, m.aintenance and termination of
larval diapause. An understanding of such changes is fundamental in clarifying the
sequence of physiological events leading to the induction and termination of
diapause in this pest, which would be of great value in its control.

Material and Methods

The following phases and ages of the mature fourth instar larva of P. gossypiella
we!e used: a) active feeding non-diapausephase: " A", b) diapause phase of ages 40

and 80 days in diapause: "01 and 02", kept at 18°C, and c) larva during termination
ofdiap;iuse phase;it 34°C, of ages 2,4,6,8,10, 12 and 14 days: "TZ, T4, T6, T8, T10,
T12and T14, respectively". From about 500 larvae of each of these phases and ages,
haemolymph and fat body samples were collected, pooled and kept at 18°C until re-
quired. Details of techniques of obtaining the larvae, and haemolymph and fat body
samples, were described earlier[!]. J ustbefore use, weighed samples of the pooled fat
body were homogenized in a buffered saline solution (0. 75% N;iCI), centrifuged at
6000 rpm for 20 min at 4°C, and the supernatnat fluid was used for direct analysis.
Haemol.ymph was diluted with distilled water just before use. Total protein was esti-
mated by the Follin Ciocalteau's reagent according to the method of Lowry et al. [2].
Bovin serum albumin (BSA) was used as a standard Polyacrylamide gel elec-
trophoresis was used for fractionating protein bands in the haemolymph and fat body
using 6% gel at pH 8..4[3]. Simple protein bands were visualized by staining the gels
with Commassie brilliant blue R250 (COBB: 0.2% in a mixture of methanol, water
and acetic acid, in the ratio of 5:5:1, respectively). Oestaining of the background was
carried out in a solution of .10% methanol. and 7 .5~o acetic acid. Glycoprotein bands
were stained with periodic acid Schiffs reagent (PAS). Lipoproteins were stained
with Sudan black B stain (SBB). Both glyco- and lipo-proteins were estimated ac-
cording to the method of Chippendale and BeckI4]. The different stained protein
band~ were scanned using a DCD-16 Gelman gel scanner, equipped with a type 6
optic unit and a 625 nm filter:

This work was 'Carried out at the bepartment()f Entom()logy and Biochemistry,
Faculty of Science, AinShamsUniversity,Cairo, in the period between 1982-1985.

Results

1. Total Protein (Table 1)

The concentration of the total protein in the haemolymph of "A" phase of larvae
was considerably high (6.98 :!:: 0.06 gm /100 ml). In "01 and 02" ages a successive
noticeable rise took place and the concentration reached about 1.5 times that in "A"
phase. This high level wa~ maint~inedduring the early period of diapause termina-
tion, then increased to reach a maximum value at "T6'" (more than double the
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amount in "A" phase). Later on, the concentration decrea:s~d to reach a level'close to
that in "A" phase.

TABLE 1.. Total protein concentration in the haemolymph and fat body of 10 phases and ages of the pink
bollworm (in gm 1100ml haemolyrnph or gm 1100 gm fat body); A = active phase of larva; DJ
and D2 = early and late ages ofdiapause phase of larva (40 and 80 days, respectively); FB = fat
body; f! = haemolymph; T2' T4, T6' Ts, T 10' T J2 and T 14 = larvae during termination ofdiapause

phase of ages 2, 4, 6,8,10, 12 ana 14 days, respectively.

Item
Larval phase

H FB

6.98 :t 0.06
(6.45 -7.39)

0..108 :t 0..011

(0,669 -0..159)
A

0.887 :!: 0.002

(0.87~ -0.897)

10.66 :t 0.12

(9.38 -11.41)D1

0.458 :t 0.003

(0.444 :CO.468)
D?

11.33 :t 0.09

(10.75 -11.78)

)1:80 :t 0.18

(10.66 -12.62)T,

10.1 ~ 0.12
(9.28 -11.1)

0.743

(0.722

0.852
(0,845T4

-i:121 

;t 0.004
(1.107 -1.156)

3.457. ;t 0.017

(3.376 -3.528)

14.51 :t 0.15

(13.25 -15.18)

5.77 :t 0.07
(5.30 ~ 6.0)Tg

1.753 ~ 0.003
(1.741 7 1.769)

5.72 :!: 0.07

(5.14 -6.05)
0.649 ~ 0.002

(0.636 -0.658)
'7.05 :t 0.04

(6.11 -7.28)
T

0.846 :t 0.003

(0.835 -0.856)

7.16 :t 0:13
(6.36 ~ 8.13)T'4

The fat bpdYQf" A" phase had a high concentrati9Qoftotal protein (0.708 :t 0..011
gm). An increase of about 25% was recorded in "01 ", followed bya drop in "D2".
During diapause termination a succesive rise was obserrved that reached a maximum
at "T8" (about 5 .times that in "A" phase), though decreased thereafter to reach a
level close to that found in" A" phase.

Accordingly, it is clear that the concentration of the total protein in the
haemolymph was much higher than that in the fat body in 10 phases and ages of lar-
vae examined. In both tissues,1hecbncentraiion of the totafprotein was considera-
bly high in "A"phase. A pronounced increase took place during diapause,though a
drop occurred,in "0.2". peuringearly ages of diapause termination, a further in-
crease was recorded, to drop at late ages reaching a level close.to that found in" A"

phase.

0.002
0:75)

0.002
0.861)
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2. Protein bands as Separated by Electrophoresis

2.1 Haemolymph (Table 2 and Fig. 1 and 3)

The haemolymph protein of the different phases and ages of larvae used was elec-
trophoretically separated into 15 different bands by using COBB stain. The different
larval phases showed 4-7 bands whose concentrations varied greatly during induc-
tion, maintenance and termination of diapause, as shown from the densitometric
scanning in Fig. 3.

In "A" phase, 6 bands were identified (number 1-6). Bands number 2 and 3 consti-
tuted more than1:wo thirds of the total amount of protein.1n "01" larvae four bands
were evident (number 1,2,7 and 8) while in "02"age 6 bands were detected (number
2,7,8,9,10 and 11). In "01" age, bands number 2 and 7 constituted the highest con-
centrated bands, while the corresponding bands in "02" were number 7 and 8. In
both "01 and 02" ages, protein bands number 7 and 8 seem to be characteristic of
diapause, as these bands never showed up in either" A" larvae or in any of the other
7 ages during termination of diapause (T2 to T 14). In "02" age, an additional
characteristic diapause band, number 11, was ,present, though in comparatively
lower concentration than those of bands number 7 and 8. Band number 7 constituted
a considerable percentage of the total protein duringdiapause (42 and 33.u% in D1
and 02, respectively). The concentration of band number 8 increased pronouncedly
from "01" to "02".

During termination of diapause, 4-7 bands were detected in "1'2" to "TI4". Of
these bands, four new specific bands, number 12 to 15, were observed for the first
time. The concentratiQn of the different bands varied greatly in the different ages,
though band number 3 constituted one of the major bands in all of these ages.

By using PAS stain, the haemolymph protein bands number 1, 2, 3, 4, 7,8,10,12
13 and 14 were stained. Staining with SBB gave positive reactions with bands number
1, 2, 3, 4, 6, 7, 8, 9 and 13. Combining results of staining behavior of the protein
bands with COBB, PAS and SBB revealed that bands number 5,11 and 15 were sim-
ple proteins, bands number 10,12 and 14 were glycoproteins, band~ number 6 and 9
were lipoproteins, and bands number 1, 2, 3, 4, 7, 8 and 13 were1ipoglycoproteins
(Tables 2 and 3).

2.2 Fat body (Table 2 and Fig. 2 and 4)
Staining of electrophoretically separated protein bands using COBB stain re-

vealed 12 different bands at the different phases and ages of larvae used. These bands
were numbered l' to n' in the Tables and Figures. The different. larval phases
showed 2-7 bands whose concentration varied greatly during induction, maintenance
and termination ofdiapause, as indicated from the densitometric scanning inFig. 4.

Phase "A" possessed 5 bands, numbered 1 'to 5'. In diapause phase, these fivedis-
appeared and five new bands showed up, number 6', 7' and 8' in "D1" and number 7',
9' and 10' in "D2". Bands number 6' and 8' constituted 42.4 and 28.3%,Tespectively,
of the total protein concentration in D1, while band 9' constituted 60.8% in "D2"
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'ABLE 3. Staining behavipr of th~ haemolymph (H) and fat body (fB) protein bands with Co~massie
briijiant blue R250 (COBB), periodic acid Schiff's reagent (PAS) and Sudan black 8 (SBB)
stains.

Number of ptoteinbandsType of
protein bands H

Simplepl;oteiil 5,11;15

lO.U,)4

FB

6'..11',12'

Glycoprotein

LiPOprotein

Lipoglycoprotein

3

+ 6,9 5!, 8', 9',10

1,2,3,4,7,8,13 2',4',7

T10 T12T8T202A 01

2
7
8

10

FIG 1. Electrophoretic protein pattern of the haemolymph of 10 phases and ages of liirvae of the pink
bollworm stained with COBB.

age. Bands 6', 8' and 9' characterized diapause only, and did not show up in any other
phase or age of the larvae. During "1'2" to "T14", .two to seven protein bands Were
detected, of which bands number 11' and 12' were specific for diapausetermination

phase.
By using PAS stain, bands number 1',2',3', 4', and 7' gave positive reaction, while

withSBB stain ba~ds number 1', 2', 4' 5', 7', 8' ;9' and 10' were stained. Compiling
resu1ts of the three stains used revealed that bands number 6' , 11' and 12' were simple
proteins, number 3' was glycoprotein, number 5',8',9' and 10' were lipoproteins,
and numbe. 1',2',4' and 7' were lipoglycoproteins (Table 2 and 3).

Table 3 summarizes the staining behavior of th~ different.pr?~ein bands in both the
haemolymph and fat body towards COBB, PAS and SBB stains.

Comparing the relative mobilities of the protein bands found in both th~
haemolymph and fat body revealed that the haemolymph protein bands number 1,2,
3,4;5 and lwereidepticalwith the fat body protein bands number 1', 2', 3', 4', 5' and
6' ,respectively (Table 4). The non-identical bands in the haemolymph (number 6, 8,
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A 02 T2 T~ T6 T8 T10T12 T1L.01
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FIG. 2. Electrophoretic protein pattern of the fat body of 10 phases and ages of larvae of the pink

bollworm stained with COBB.

9,10,11,12,13,14 and 15) and in the fat body (number 7',8,9',10,11' and 12')
seemed to be specific for either tissue,

TABLE 4. Identical (similar RJ and non-identical (different RJ electrophoretic protein bands in the
haemolymph and fat body of 10 phases and ages of larvae of the pink bollworm; abbreviations
as in Tables 1 and 2.

Non-identical bands

H ! FB
Identical bands

H I FB

7'

8'
9'

10'

11'

12'

1

2'
3

4

5'

6'

6

8

9

10

11

12

13

14

15

2
3

4

5

'7

Discussion

Changes in thehaemolymph and fat body protein levels reflect the balance bet-
ween synthesis, stqrage, transport and degradation during ontogeny, as well as a re-
sponse to particular ecological and physiological conditions!51. In the present work,
the high concentration of the hael1Jolymphand fat body proteiD observed in "A" lar-
vae of P. gossypiella is a common phenomenon observed insome"'~ther insect--species[6-15). '

During induction and maintenan~e of diapause,a successive rise in the
haemolymph protein was detected ~D P" go$sypiella larv~.~s such cases of larvae of
Cydia pomonella[12) and Diatraea grandiosella (Dyar)[9,11.]. Such rise in haemolymph

11
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I.)

14

11
Ic:

12

'1
1"2I 
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protein might add to the concentration of solutes, which in turn, lowers the freezing
point of the haemolymph, that en~bles the species to withstand unfavorable low
temperature during diapause. A parallel rise in the concentration of other compo-
nents, such as free amino acids in the haemolymph of P.gossypiefla, was previously
recorded!ll. An increase in the total protein concentration of the whole body
homogenate was also !etorded in other cases, e;g. in diapausing larvae of
Trogoderma granarium Everts!17]. and in 3 strains of P. gossypiefla!181.

c"":, ,
In the pink bollworm, the decline of the fat body protei:t) con.t~ntin "02" coincided

with a further rise of the haemolymph protein in this age, which might refer to an ac-
tive release of protein from the fat body. The early ages of termination of diapause in
the pink bollworm Was characterized by a rise in both thehaemolymph and fat body
proteip contenLThismight be due to depletion from other tissues. At late ages of
diapause termination phase] the concentration of protein in both the haemolymph
and fat body declined to reach a level close to that in" A " phase. In diapausing larvae

of D. grandiosefla, haemolymph and fat body protein are only partially utilized dur-
ing the later stagespf diapause!191.

; J ,
With respect to protein fractionation, it is known that the number of protein bands

separated electrophoretically depends on the resolving power of the technique used.
In some insect species 10-30 bands have been identified!20I. Turunen!21] obtained the
highest number of bands (60) by using the isoelectricfocusing method, while by using
other methods the number of bands ranged between 30-45. In general, haemolymph
protein includes different.. types of compounds, such as enzymes (e.g.
phenoloxidases, esterases, lysozymes, amino oxidases, glucosidases, ...etc.), lipid-
transport proteins, storage proteins and antifreeze proteins.

In P. gossypiefla specific diapause protein bands appear prominently in both the
haemolymph and fat body: The concentration of these bands was very high in both
the haemolymph (55 and 70.50;0 in 01 and 02, respectively) and the fat bodya4.5
and 60.8% in 01 and 02, respectively) relative to the total protein concentration in
either tissue. During termination of diapause, other specific protein bands showed
up in bpth tissues. Oiapause-asso~iated protein has been reported in other dia-
pausing insects, e.g. larvae of D. grandiosefla and adults of Leptinotarsa decemli-
neata!9-11,22-261. In diapausinglarvae of D. grandiosella, however, the diapause-as-
sociated protein is found in the fat body only and absent in the haemolymph.
Oiapause-associated proteins have been suggested to play variable roles associated
with diapausesuchas:~H.;storage or -transporting protein, which is released during
diapause to protect the circulating JH from being degraded; a storage molecule
which might be hydrolyzed to its constituent amino acids of peptides during
diapause, or being a proenzyme which is activated or rele;lsed during dia-
pause!11.22.271. However, no definite proof of any of these functions has yet been of-
fered.

The presence of conjugated proteins in the haemolymph and fat body, especially
lipo- andlipoglyco-proteins, is of special. interest. Lipids are known to be a chief
source of energy. In the haemolymph of P: gossypie/la diapausecproteins were either
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lipoglycoprotein (bands number 7 and 8) or lipoprotein (number 9). In the fat body,
diapause protein number 6' was simple protein, while number 8' and 9' were lipopro-
teins.

In the pink bollworm, during termination of diapause, some of the identical pro-
tein b~nds were detected in the fat body (number 1',2' and 4') before their appear-
ance in the haemolymph (number.1, 2 and 4). This indicates their probable synthesis
and/or release from the fat body into the haemolymph. On the other hand, some
other haemolymph proteins appeared before their detection in the fat body {number
3 and3'), or were never detected in the fat body (number 6, 8, 9,10,11,12,13, 14 and
15). The synthesis or storage of these haemolymph p!oteins by the tat body isques-
tlonable, and some other tissues may be involved. In larvae of Pieris brassicae, tis-
sues like the midgut, pericardial cells and the haemocytes contribute in production of

haemolymph proteiw281.

During late ages of diapause termination. however, both the haemolymphand fat
body re-exhibited many of the characteristicproteiftpattern of "A" phase.. This is
parallel with results obtained on whole body extract of this speciesl291.

In contrast, in some other insect species, e.g. Ostrinia nubilalis (Hubner)
larva[4.301,Protoparce quinquemaculata-IarvaI3J.J, and Pieris brassicae pupal28J, the
pattemanQ titre o~ haemolymph and/or fat body protein remain fairly constant dur-
ingphases of activity, diapause and throughout diapause development.
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