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ABSTRACT  

Protein profi le  o f s i lkworm Bombyx mori  (NB 4 D2)  in response to  the chemical  mutagen DES was 

quanti ta t ive ly and qual i tat ive ly ana lysed.  The s i lkworm larvae  were subjected to  two methods of 

trea tment i .e . ,  Ora l  administrat ion and by inject ion through body wal l  o f 8mM and 10mM 

concent rat ion of  chemical  mutagen (DES).  In the subsequent  generat ion (F 1 ) ,  the larvae a t  V ins tar  

were considered and used midgut and haemolymph for  the stud y of the quali ta t ive and quanti ta t ive  

tota l  protein prof i le .  The prote in contents were analyzed during V insta r  was found to  be higher  in 

trea ted  sets compared  to  contro l ,  a l so showed var iat ions  among the  treatment  o f d i fferent  

concent rat ion on al l  the  days during V insta r .  Quali ta t ive analyses were  carr ied out  by PAGE. The  

result s  o f  quanti tat ive study of tota l  pro te ins  were stat is t ical ly analyzed and  discussed.  The  

posi t ive mutat ion effect  of DES was s igni f icant .  
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INTRODUCTION   

Si lkworm Bombyx mori  being an econo mic  

insect ,  produce si lk before i t sel f  metamorphose  

into  pupa .  Silk  a  protenecious f iber  

synthes ized  wi th co mplete metabolism of  leaf  

protein  by the si lkworm.  The conversion of  

leaf nutr i t ion into  the si lk  protein mainly takes  

place  during larva l  stage.  The var ious aspec ts  

of protein metabolism includ ing quant i ta t ive  

changes in the midgut and haemolymph pro te in  

and synthes is and metabolic  act ivi ty o f  

spec i fic  enzymes have a t tracted the interes t  o f  

many insect  b iochemists.  The ava ilable result s  

from these b iochemical  stud ies ind icate tha t  

protein  metabol ism is  o f considerab le  

importance in character izing d i ff erent  stages  

of insec t  development (Chen,  1966) .   

Astaurov (1935)  has opined that  stud ies on 

ar t i f ic ia l  muta tions in  the s i lkworm through 

physical  and chemical  mutagens are o f  

considerab le interest  for  genet ic is t s .   

Large doses of e thyl  methane sulphonate  

great ly increased the induction of auto tropic  

mutants  in  Candida  t ropical l i s .  The  maximum 

yield  o f b iomass and protein  was  recorded in  

some mutants i sola ted  after  typical  banding 

patterns  (Mahamoud,  1999) .  

The prote in content  in  the haemolymph and  

midgut  o f si lkworm larvae treated  wi th  

chemical  mutagens Mitomycin -C sho wed a  

higher  content  on f ina l  day of the larva l  l i fe  

and  maximum enzyme act ivi ty was  observed  

dur ing fi f th ins tar  (Shivankappa,  1991) .  

The la rval  haemolymph proteins in many races  

of s i lkworm were analysed on PAGE and  

polymorphic var iat ions o f electrophoret ic  

mobil i t ies of sto rage prote ins were  

invest igated in B.mori .  (Shimada e t  a l . ,  1985) .  

The presence of sex spec i fic  proteins was  

shown a t  a l l  the l i fe  stages  o f B.  mori  hybr ids  

through slab ge l  electrophores is ,  the number o f  

protein bands was di ffe rent  in both the sexes  

of  the  hybrid  (Ananthanarayana,  1980) .  The  

stud ies on the haemolymph proteins o f  -ray 

ir radiated s i lkworm larvae wi th SDS -PAGE 

were repor ted in respect  o f the number o f  

protein  bands and appearance or  d isappearance  

of the prote in bands on di fferent  days o f larva l  

development Lakshmikumari ,  1995) .  

From the ear l ier  reports ,   regard ing the  

mutagenic i ty o f Diethyl  sulphate (DES),  an 

alkyl t ing agent ,  which is  sa id  to  be a  st rong 

chemical  mutagen l ike  EMS, MMC and e tc . ,  

can be e fficient  in  inducing mutat ions and can 

be used as po tentia l  mutagen for  prac tical  

applicat ion.  S ince ,  informat ion regarding the  

mutagenic i ty o f DES and i t s  e ffect  on 

si lkworm proteins i s  scanty,  an at tempt has  

been made in the present  invest iga tion to  s tudy 

the e ffect  o f chemica l  mutagen DES on the  

protein  profi le  in  midgut  and  haemolymph of  

si lkworm, Bombyx mori , .  

MATERIALS AND METHODS 

In the present  s tudy,  heal thy NB 4 D2  s i lkworm 

larvae soon af ter  the  thi rd  mou lt  considered  

for  the experiment.  Different  concentrat ions  

(doses)  o f DES (Die thyl  Sulphate)  viz . ,  2mM, 

4mM, 6mM, 8mM, 10mM and 12mM   were  
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prepared in d is t i l led  water  and ora l ly  

adminis tered through mulberry leaves.  For  

every 20g of leaves 20ml of appropr iate ly  

di luted DES were  used.  Simi lar ly,  the  

inject ions for  5
t h

 day of V
t h

 ins tar  larvae of  

bivolt ine (var ie ty:NB 4 D 2)  us ing di fferent  doses  

as ment ioned ear l ie r .  The d ilut ions were  

prepared in 0 .75% sodium chlor ide solution 

and injec ted a t  the  latera l  s ide  o f  the  

intersegmental  region between the 7
t h

 and 8
t h

 

abdominal  segments using a micro syr inge.  

Each la rva was injected wi th 0 .04ml  of  

solution.  These treated larvae were maintained  

and  observed  upto sp inning to  find  out  the  

LD 5 0  value in the larva l  l i fe  fol lowing the  

method of  Bhoopathy and Muthukrishnan 

(1985) .  Fur ther ,  a fter  assessing the LD 5 0  va lue,  

two d i fferent  doses  o f DES namely 8 mM and  

10mM were se lec ted.  Three rep licat ions were  

maintained for  each treatment co mprising of  

100 larvae.  These injec ted  larvae were  reared  

separately and a l lo wed  for  spinning cocoon.  

The cocoons obta ined  from these treated,  

control  and untrea ted sets were harvested  and  

preserved separa tely.  The  s tudies  on d igest ive  

enzymes in  midgut and haemolymph were made  

in  the M 1  (F1 )  generat ion.  In M 1  generat ion,  

the 5
t h

 instar  larvae were used  at  d i fferent  days  

of develop ment  for  the s tudy of pro te in  

prof i le .  The midgut  t i ssue and haemolymph 

from 5
t h

 ins tar  larvae were used by fo llo wing 

the method of Lakshmi  Kumari  e t  a l ,  (1997) .  

The quant i tat ive ana lys is o f to ta l  protein was  

done fo llo wing the methods of Lawry e t  al .  

(1951)  using Bovine Serum Albumin (BSA) as  

standard.  Qual i tat ive analys is o f to ta l  prote ins  

was  done in haemolymph by us ing the SDS -

PAGE as descr ibed by Zingales  (1984) .  

RESULTS 

The quanti ta t ive es t imat ion of to tal  pro teins o f  

midgut  and haemolymph in the  fi f th ins tar  

larvae of var ious treatments,  contro ls and  

unt rea ted set  i s  presented in tables,  and  

graphs,  al so the qual i tat ive ana lys is done by 

SDS-PAGE.  

 

FIGURE 1: Total Protein content in the Haemolymph of NB4D2 During 5th Instar silkworm larvae 
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FIGURE 2: Total protein content in the Midgut of NB4D2 silkworm larvae during 5th instar 
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The tota l  prote in content  in the midgut and  

haemolymph showed an increased trend wi th  

an increase  in  the age,  higher  value  of p rote ins  

was noticed on 4
th

 day of 5
th

 instar in midgut of all 

treated, control and untreated sets. Whereas  

haemolymph prote in va lue was maximum on 

f inal  day of  the  instar  in a l l  the  sets .  The  

protein content  was found decreas ing wi th the  

increase in the rate  o f dosage  of the mutagen 

but  the untrea ted se t  recorded maximum value  

.The set  t reated wi th 8mM DES inject ion a lso  

recorded a higher  value among a l l  the se ts  

includ ing unt rea ted se t  (Fig.1  & 2) .  

Polymorphic va r iat ions  were no ticed wi th  

regard to  the number o f pro te in bands in the  

haemolymph dur ing the  fi f th insta r  

development wi th d i fferent  t reatments.  I t  is  

observed that ,  the f ive protein  bands viz. ,  

6kDa,  28kDa,  35kDa,  45kDa and 67kDa were  

found common throug hout 5
t h

 instar  and the  

protein bands of 18kDa and 48kDa were found  

from second day t i l l  sp inning.  

On f irs t  day of 5
t h

 ins ta r ,  the protein bands of  

higher  molecular  weight  between 205kDa and  

97kDa were found in al l  the samples s tudied  

except  in  8mM spray t rea tment sample,  and  

also there  was  disappearance  of pro te in band  

of molecular  weight  between 67kDa and 43kDa 

(Fig:  3) .  

FIGURE 3 to 8 : Poly Acrylamide Gel electrophoretic pattern of Haemolymph protein of V instar silkworm larvae                 

      Figure 3 : First day                                                          Figure 4: Second day  

                           
                           Figure 5: Third day                                         Figure 6: Fourth day 

                            
               Figure 7: Fifth day           Figure 8: Sixth day 
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On the second day,  the protein bands were  

found to  d isappear  be tween 205kDa and 97kDa 

in the samples treated  with 10mM injec tion 

when co mpared wi th o ther  samples .  The  28kDa 

proteins in a l l  the samples were sta ined thinly.  

The staining of 68kDa pro te in showed 

var ia t ions between the trea tments  and contro l  

on third  day.  Thickly sta ined bands were  

observed in the samples treated wi th 10mM 

spray and in 10mM inj ection when compared to  

al l  o ther  samples.  On 4
t h

 day,  the number o f  

protein  bands was more  in the samples treated  

wi th  8mM injec tion and 10 mM spray when  

compared  to  other  samples.  In bo th the  

samples,  the 28kDa pro tein was deeply stained  

wi th  thick bands.  I t  was  also observed  tha t  the  

48kDa prote ins disappeared in the sample  

trea ted wi th 8mM spray.  However ,  the  number  

of bands  increased  in al l  the  treated samples  

when compared to  untreated se t .  On 5
t h

 day,  

the sample trea ted wi th  10mM spray had more  

number  o f bands when compared  to  o thers  and  

there were var ia t ions  with regard to  the  

presence  of 48kDa pro tein over  other  samples.  

On the f inal  day,  the 68kDa and 29kDa prote in  

bands were deep ly s tained,  the number o f  

protein bands coming down in al l  the samples .  

However ,  the sample treated  wi th 8mM spray 

showed thinly s ta ined 68kDa pro te in bands and  

had very less number o f  bands when co mpared  

to  other  samples (Fig:  4  to  8) .  

DISCUSSION 

The prote ins p lay an important  role  in the  

haemolymph of insects  no t  only in s peci f ic  

transport  funct ions,  but  also in their  enzyme 

act ion.  The high pro te in concentra t ion i s  an 

ind icat ion of a  grea ter  metabol ic  ac t ivi ty o f  

the t i ssue.  The  haemolymph,  the carr ier  o f  a l l  

nut r ient  substances d istr ibutes to  each and  

every par t  o f the body for  cel lular  metabolism,  

where in the micromolecules get  conver ted into  

complex macromolecules l ike p rote ins and  

carbohydra tes (Tazima 1978) .  

In the p resent  s tudy,  the impact  o f mutagenic  

agent  (DES) on the  to tal  prote in in  both midgut  

and  haemolymph of  s i lkworm revea led that  the  

protein content  was higher  a t  the end of the 5
t h

 

ins tar .  This  i s  mainly due  to  the  fac t  tha t ,  the  

larvae were consumed maximum amount o f  

food ( leaves)  during tha t  per iod.   

The increased protein content  in the midgut  

and haemolymp h of the s i lkworm is due to  

supplementat ion of enr iched leaves to  

si lkworm. Quanti tat ive ly,  the to ta l  prote in  

content  o f the midgut and haemolymph showed 

var ia t ions during the  d i fferent  days  o f larval  

development and maximum was on the las t  day 

of f i fth ins tar ,  whi le ,  i t  was minimum on fir s t  

day af ter  the  four th  moul t .  This clear ly  

ind icates the inf luence  of dietary protein on 

the increase in haemolymph prote in dur ing 

f i fth ins tar  s ince f i fth ins tar  is  considered as  

pr ime feed ing s tage of the si lkworm larva  

where  in about 80 -85% of  the  to ta l  leaves i s  

consumed.  Kr ishnaswami e t  al . ,  (1978)  

observed that  the  increase in the pro te in  

concent rat ion in the s i lkworm body af ter  the  

four th moul t  i s  due  to  regular  feed ing and  

substantial  increase in the body weight  by  the  

t ime the larva  a t ta ins sp inning s tage.  I t  i s  a l so  

reported tha t ,  the concentra t ion of p rote in in  

si lkworms increases  progress ive ly dur ing 

larva l  develop ment and  reaches maximum in 

the late  fi f th ins tar  larvae.  Increase in the  

protein content  i s  at tr ib uted to  the  

development o f  reproductive organs (Sinha and  

Sinha,  1994) .  

The var ia t ion in  the  concentrat ion of prote in in  

var ious se ts of present  s tud y could be ascr ibed  

to  the di fferent ia l  concent rat ion of the  

mutagen and a lso due  to  di fference in the  

phys io logical  ac t ivi t ies of these batches under  

trea tment.  

The protein in the t issue of ser ic igenous  

insects i s  responsib le fo r  the format ion of s i lk  

proteins in the si lkglands.  S ince,  NB 4 D2  is  

charac ter i sed by high s i lk yie lding nature ,  the  

conversion of the ma jori ty o f haemolymph 

proteins into  s i lk substances  i s  obvious.   

REFERENCES 

Ananthanarayana, S.R. (1980) Physiological and 

Biochemical studies in the silkworm (Bombyx mori L). 

Ph.D thesis Bangalore University, Bangalore, India. 

Astaurov, B.L. (1935) Artificial mutations in the silkworm 

(Bombyx mori). Experimental production of sex-linked 

lethals by gamma-radiation of radium. Genetica, 17 : 409-

460. 

Bhoopathy, R. and Muthukrishnan, Y. S. (1985) 

Mutagenic effect of Diethyl sulfate (DES) on mulberry 

silkworm Bombyx mori.L., Ind. J. Seric., 24(1): 25-32. 

Chen, P. S. (1966)Amino acid and protein metabolism in 

insect development. In : “Advances in insect physiology”. 

(Ed. by Beament J W L, Tr eherne, J. E. and 

Wigglesworth, V. B. ), Academic press, London., 3 : 53. 

Krishnaswami, S. (1978) New technology if silkworm 

rearing. CSB publication, India, 2 : 1-10. 

Lakshmikumari,B. (1995) Effect of gamma radiation on 

the cytological, physiological and biochemical aspects of 

silkworm Bombyx mori.L., Ph.D thesis, Bangalore 

University, Bangalore, India. 

Lakshmikumari, Ananthanarayana, S.R. and B., 

Jayaprakash (1997) Effect of radiation on the activity of 

digestive enzymes in the silkworm, Bombyx mori L., 

Sericologia, 37(2) : 221-228. 



I.J.S.N., VOL. 2(3) 2011: 559- 563    ISSN 2229 – 6441    

563 
 

Lowry, O.H., Rosebrough, N. F., Farr, A. L. and Randall, 

R.J. (1951) Protein measurement with Folin phenol 

reagent. J. Biol. Chem., 193: 267-275. 

Mahamoud Yeha, A. (1999) Effect of Ethyl Methane 

Sulphonate on biomass and protein production by Candida 

tropicallis.  Cytobios. 99(391) : 123-128. 

Shimada, T., Nagata, M., Kobayashi, M. and Yoshi, N. 

(1985) Properties of variants of storage proteins in the 

silkworm., Bombyx mori., J. Seric. Sci. Japan., 54(6) : 

470-475. 

Shivankappa, B. (1991) Studies on few aspects of 

Physiology and Biochemical genetics in different breeds 

of silkworm Bombyx mori. L., Ph.D thesis. Bangalore 

University, Bangalore, India. 

Sinha, U. S. P. and Sinha, A. K. (1994) Changes in 

concentration of proteins and carbohydrates in developing 

embryos and larval haemolymph of temperate tasar 

silkworm, Antheraea proylei J.  Ind. J. seric., 33(1) : 84-

85. 

Tazima, Y.(1978b) The silkworm – an important 

laboratory too, Kodansha Ltd., Japan. 

Zingales, B. (1984) Analysis of proteins by Sodium 

Dodecyl Sulphate-PolyAcrylamide Gel Electrophoresis. 

In: “Genes and antigens of parasites (Ed. By Morel C. M.). 

2
nd

 Edn., pp. 357-363, Fundacao Oswaldo Cruz, Rio’ de 

Janeiro, Brazil. 

 

 


