Bk 26(1), 35~51 (1984)
Korean J. Seric. Sci.

KRWFEN AN MHRBEAES RKEME =20 St

F B M 6 ® - £ oW

AR B
*AEREBEK HRKR

Studies on the Varietal Differences of the Electrophoretic Protein
Patterns in the Pupal Haemolymph of the Silkworm, Bombyr mori

Sang Mong Lee, Kwang E. Park* and Jae Yu Moon*

Sericultural Experment station, Office of Rural Development
* College of Agriculture, Seoul National University

SUMMARY

In order to know the similarity of the electrophoretic protein patterns, distributional aspects of
the frequency in each protein band, differences of protein patterns between female and male, and
the number of the total protein bands of each variety in the haemolymph of the silkworm pupae
according to their geographical origin, the silkworm varieties, and both the sexes, variable electr-
ophoretic protein patterns were observed by polyacrylamide gel electrophoresis, using the silkworm
strains which have been reared in the sericultural experiment station.

1. The total number of electrophoretic protein bands classified were >twenty-eight, and nearly
fourteen bands were shown by each variety on an average.

2. According to their geographical origin, the mean values of the similarity were 20.0%, 28.3%
and 14.3% in Japanese, Chinese and European respectively, and the highest similarity was
observed between Chinese varieties.

3. The similarity of 129 varieties were tested and it was 22.5%, 23.5% in female and male
respectively.

4. The electrophoretic protein patterns in 129 varieties were tested and variation was found in
109 patterns in female and 112 in male.

5. The frequency of the each specified protein band in female and male having variation in

protein bands in each variety was found averagely 6.6%.

6. The distribution frequency of the classified 28 protein bands in both the sexes within each

geographical origin was variable from 0% to 100%.

7. Among the classified 28 protein bands, HP 11 protein band was found common in all the
varieties tested.
8. HP 3 and HP 4 protein bands in female showed high density in electropherograms than in

male.
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Table 1. Stock Solution, buffer solution, and staining solution for slab polyacrylamide gel electrophoresis used
in the study.

Stock solution for slab gel

A-Solution B-Solution C-Solution

IN HCl 48ml INHCl  48ml  Acrylamide  29.2g
Tris* 36. 6g Tris 5.98g Bis-acrylamide 0.8g
TEMED** 0.23ml TEMED 0. 46lm D.W /100m]
D.W /100m1(PHS. 9) D.W /100ml(PH6. 7

D-Solution E-Solution G-Solution
Acrylamide 10. 9g Riboflavin 4mg Ammonium persulfate 0. 14g
Bis-acrylamide 2.5g D.W /100ml D.W. /100ml
D.W /100ml

Running buffer(Used solution diluted 10 times)

F-Solution
Tris 6.0g
glycine 28. 8g
D.W /1, 000ml(PHS. 3)

Staining Solution (Used solution diluted 20 times)
Coomasie brilliant blue R250 lg
7% ethylalcohol 100ml

* Tris; Tris (hydroxymethyl)-aminomethane

** TEMED N, N, N/, N’-Tetramethylethylendiamine
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Table 2. Similarity of the silkworm races among their origins in the haemolymph proteins of the pupae.

\'\\\\\\ Origins Japanese | Chinese European Korean T:ggggal Total
\\7\\ b b ‘ b a b a -l: ! a | b
Htems — ] P [me | P M M | F MIF;M;FJM
Number of varieties tested | 500 50 62 62 14 14 1 1 2 2 120 129
(A) | i 1 | 1
Number of varieties having 7 131 20 15 2 2’ 0 0} 0 0 29; 30
similar protein patterns (B) | ' ! I |
| | i : ‘
Similarity (B/Ax100)(%) | 14.0, 26.0 32. 3} 24.2) 143 143 0 0 0 0 225 235
Total similarity : g } ’ ’ 22.9
F2: Female pupa M?b: Male pupa
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Table 3. Distribution of the silkworm varieties showing different haemolymph protein patterns in both the sexes

at the pupal stage.

Items

- Protein bands| yp) | 1py | HP3 | HP4 | HP5 | HPG | HP7 | HPS | HP [HP10/HP11HP 12HP 13 HP 14

Total

Number of varieties 129 1291 129 1290 129
tested

Number of varieties
showing different 1 21 10 33 8
protein patterns

between both the sexes.

Percentage(/) 0.7| 16.2| 7.7} 25.5| 6.2

(average)
129, 129 129 129 129 129; 129 129

4 1 5 3 0 3 16 4

3.1 0.7 3.8 2.3 0 4.1 12.7} 3.1

Items o |

Number of varieties 129 129 129 129 129
tested

Number of varieties
showing different 21 14 2| 23 2
protein patterns

between both the sexes.

Percentage(%) 16.2| 10.8 1.5 17.8 1.5

.. Protein bands| HP15 HP16|HP17,HP18IHP19{HP20

HP21]HPzz!HP23:HP24[HP25]HP26|HP27|HP28‘
120 129 129 129 129 129 129 129

28 15 9 2200 20 4 4 285(10)

21.7| 11.6/ 6.9 1.5 15.5| 156.5{ 3.1 3.1 (7.8




Table 4. Various distribution of several proteins bands according to the origin of the silkworm varieties in Female.

Origin of]

the silk- Japanese Chinese European
~\wormNumber of Number of Number of Number of Number of Number of]
PrOtEIN varieties | varieties |Frequency | varieties ‘ varieties |Frequency | varieties | varieties |Frequency
bands .| tested having tested having | tested having
HP 1 50 f 50 100.0 62 62 100.0 14 | 13 : 92.9
HP 2 50 14 28.0 62 7 11.3 14 0 0.0
HP 3 50 i 49 98.0 62 62 100.0 14 14 100. 0
HP 4 50 : 49 98.0 62 61 98. 4 14 14 100.0
HP 5 50 2 4.0 62 6 9.7 14 0 0.0
HP 6 50 11 22.2 62 12 19.4 | 14 5 35.7
HP 7 50 0 0.0 62 0 0.0 14 0 0.0
HP 8 50 46 92.0 62 59 95.2 14 14 - 100.0
HP 9 50 47 94.0 62 58 93.5 14 14 . 100.0
HPI10 50 0 0.0 62 1 1.6 14 0 I 0.0
HPI11 50 50 100.0 62 62 100.0 14 14 . 100.0
HPI12 50 2 4.0 62 7 11.3 14 0 i 0.0
HPI13 50 25 50.0 62 39 62.0 14 9 64.3
HPl4 50 7 15.0 62 2 3.2 14 2 i 14.3
HPI15 50 29 58.0 62 54 87.1 14 0 64. 3
HPI16 50 41 82.0 62 52 83.9 14 13 92.9
HP17 50 48 96.0 62 60 96.8 14 14 100.0
HPI18 50 32 64.0 62 25 40. 3 14 7 50.0
HP19 50 6 12.0 62 2 3.2 14 0 0.0
HP20 50 3 6.0 62 2 3.2 14 0 0.0
HP21 50 29 58.0 62 18 29.0 14 6 42.9
HP22 50 34 68.0 62 55 88.7 14 10 71.4
H P23 50 7 14.0 62 9 14.5 14 3 21.4
HP24 50 50 100.0 62 61 98.4 14 14 100.0
HP25 50 25 50.0 62 16 25.8 14 6 42.9
H P26 50 38 76.0 62 38 61.3 14 18 : 71.4
HP27 50 i 40 80.0 62 54 87.1 14 14 } 100.0
H P28 50 |1 2.0 62 2 3.2 14 3 | 214
\Ortlﬁénssilﬁf Korean Tropical races Total
S worm(Number ofNumber of Number of Number of Number ofNumber of‘
Protein ™\ varieties | varies |Frequency | varieties | varieties [Frequency | varieties | varieties Frequency
bands -] tested | having | | tested | having | | tested | having |
HP 1 1 1 100.0 2 2 71000 129 128 99.2
PH 2 1 0 0.0 2 0 0.0 129 21 16.3
HP 3 1 1 100.0 2 2 100.0 129 128 99.2
HP 4 1 1 100.0 2 2 100.0 129 127 98.4
HP b 1 0 0.0 2 0 0.0 129 8 6.2
HP 9 1 0 0.0 2 1 50.0 129 29 22.5
HP 7 1 0 0.0 2 0 0.0 129 121 93.8
HP 8 1 0 0.0 2 2 100.0 129 ¢] 0.0
HP 9 1 0 0.0 2 0 0.0 129 121 93.8
HPI10 1 0 0.0 2 0 0.0 129 1 0.8
HPI11 1 1 100.0 2 2 100.0 129 129 100.0
HP12 1 0 0.0 2 0 0.0 129 9 7.0
HPI13 1 0 0.0 2 2 100.0 129 75 58.1
HPl4 1 0 0.0 2 1 50.0 129 12 9.3
HPI15 1 1 100.0 2 0 0.0 129 93 72.1
HPI16 1 0 0.0 2 2 100.0 129 108 83.7
HPL7 1 1 100.0 2 2 100.0 129 125 96.9
HPI18 1 1 100.0 2 0 0.0 129 65 50.4
HPI19 1 0 0.0 2 0 0.0 129 8 6.2
HP20 1 0 0.0 2 0 0.0 129 5 3.9
HP21 1 1 100.0 2 0 0.0 129 54 41.9
HP22 1 1 100. 0 2 1 50.0 129 102 79.1
HP23 1 0 0.0 2 1 50.0 129 20 15.5
HP24 1 1 100.0 2 0 0.0 129 128 99.2
HP25 1 1 100.0 2 0 100.0 129 48 37.2
H P26 1 0 0.0 2 0 0.0 129 86 66.7
HP27 1 1 100.0 2 1 50.0 129 110 85.3
H P28 1 0 0.0 2 1 50.0 129 8 6.2

|
l



Table 5. Various distribution of several protein bands according to the origin of the silkworm varieties in male.

\()f}iglgilﬁf Japanese Chinese European
wormNumber of[Number of Number of(Number of| Number ofNumber of

Protein \ varieties | varieties |Frequency | varieties | varieties |Frequency | varieties | varieties [Frequency

bands .| tested | having tested having tested havivg

HP 1 50 50 i 100.0 ! 62 61 98.4 14 13 92.9
HP 2 50 1 2.0 62 1 1.6 14 0 0.0
HP 3 50 43 86.0 . 62 59 95.2 14 14 100.0
HP 4 50 33 66.0 62 47 75.8 14 13 92.9
HP 5 50 1 2.0 62 3 4.8 14 0 0.0
HP 6 50 9 18.0 62 10 16.1 14 6 42.9
HP 7 50 48 96.0 62 59 95.2 14 14 100.0
HP 8 50 0 0.0 62 1 1.6 14 0 0.0
PH 9 50 49 98.0 62 57 91.9 14 14 100.0
HP10 50 2 40 | 62 2 3.2 14 0 0.0
PHI11 50 50 100.0 62 62 100.0 14 14 100. 0
HPI12 50 2 4.0 62 6 9.7 14 1 7.1
HP13 50 29 58.0 62 38 61.3 14 9 64.3
HP14 50 9 18. 0 62 2 3.2 14 2 14.3
HPI15 50 24 48.0 62 54 87.1 14 11 78.6
HPI16 50 39 78.0 62 52 83.9 14 12 85.7
HP17 50 47 94.0 62 61 98.4 14 14 100.0
HPI8 50 26 52.0 62 24 38.7 14 8 57.1
HP19 50 7 14.0 62 3 4.8 14 0 0.0
HP20 50 2 4.0 62 2 3.2 14 0 0.0
HP21 50 27 54.0 62 24 38.7 14 4 28.6
HP22 50 33 66.0 62 57 91.9 14 12 85.7
HP23 50 7 14.0 62 8 12.9 14 3 21.4
HP24 50 49 28.0 62 60 96.8 14 14 0.0
HP25 50 22 : 44.0 62 14 22.6 14 3 21.4
HP26 50 37 74.0 62 34 54.8 14 9 64. 3
HP27 50 41 82.0 62 54 87.1 14 13 92.9
H P28 50 0 0.0 62 4 6.5 14 2 14.3

Qrtlgén:ﬂﬁf Korean Tropical races Total
“\ worm|Number of|Number of Number offNumber of Number of[Number of

Protein varieties | varieties |Frequency | varieties | varieties |Frequency | varieties | varieties [Frequency

bands ) tested having tested having tested having

HP 1 1 ! 1 100.0 2 2 100.0 129 | 117 98.4
HP 2 1 0 0.0 2 0 0.0 129 2 1.6
HP 3 1 | 0 0.0 2 2 100. 0 129 118 91.5
HP 4 1 i 0 0.0 2 1 50.0 129 94 72.9
HP 5 1 | 0 0.0 2 0 0.00 129 4 3.1
HP 6 1 0 0.0 2 1 50.0 | 129 26 20.2
HP 7 1 0 0.0 2 0 0.0 ! 129 123 95.3
HP 8 1 0 0.0 2 2 100.0 129 1 0.8
HP 9 1 1 100.0 2 1 50.0 129 122 94.6
HPI10 1 0 0.0 2 0 0.0 129 4 3.1
HPI1 1 1 100. 0 2 2 100.0 129 129 100.0
HPI12 1 0 0.0 2 1] 0.0 129 9 7.0
HPI13 1 1 100.0 2 2 100.0 129 79 61.2
HPIl4 1 0 0.0 2 1 50.0 129 14 10.9
HPI5 1 1 100.0 2 0 0.0 129 90 69.8
HPI16 1 0 0.0 2 2 100.0 129 105 81.4
HP17 1 1 100.0 2 . 2 100.0 129 125 96.9
HP18 1 0 0.0 2 0 0.0 129 58 45.0
HPI19 1 0 0.0 2 0 0.0 129 10 7.8
HP20 1 0 0.0 2 0 0.0 129 4 3.1
HP21 1 1 100. 0 2 0 0.0 129 56 43.4
HP22 1 1 100.0 2 2 100.0 129 105 81.4
H P23 1 0 0.0 2 1 50.0 129 19 14.7
HP24 1 1 100.0 2 2 100.0 129 126 97.7
HP25 1 0 0.0 2 0 0.0 129 39 30.2
HP26 1 0 0.0 2 0 0.0 129 80 62.0
H P27 1 1 100. 0 2 1 50.0 ! 129 110 85.3
HP28 1 0 0.0 2 2 100.0 | 129 8 6.2

l
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Table 7. Electrophoretic patterns of the pupal haemolymph proteins of the silkworm varieties on the 9th day after the initial mounting.
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Table 6. Various distribution of total protein bands of haemolymph between both sexes of pupae.

Total of protein bands| 8 9 10 11 12 13 14 15 16 17 18 19 | Average ;gtg;; Dumber
Frequency { Femlae(A)| 0 1 2 9 23 3 33 1l 13 5 1 { Female 14.5
ale (B) 2 0 2 9 16 21 34 18 21 3 3 0 Male 13.8

Total Frequency(A+B)| 2 1 3 11 25 44 64 51 32 16 8 1 Total 28.3
Average in Frequency Average in

(A+B)/2=C 1 0.5 1.5 5.512.522 32 25.516 8 4 1 both sexes 14.2
Percentage

(C=129) x 100 0.70.3 1.1 42 9.6 17 24.819.712.4 6.23.1 0.7
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<l 3.2 HP19 1159 HFEHE .

b F4HF

FEFL 4R BExEded, AEQHES FE
HE 99 e 0%~100%0°15 AEF A3 £A3dA
Gr BEOENES AR 2%, EE 18R A S
B gfEel EEEC A EASA gt Bl BE
olt}h. =E M, EFol oF fEESE A=
o] ¥yl BAfol HP19 2%, +EfEel HP1o] 2/
ol Zol uld g &e HP3Y 7He=z UEs #e
Aol EAe]tt.

EH AAAGe oA A mAE HAhiEE

shdlZ19 7 HEE W= EFAEHE 129%
Zol W oA HES 29, 9838 129% Fl 100%
FESE IEEES HP1L AR b oz wis
el HmEE e ATk ol el 98%c) 4 o -
e JER fifesle = 4e HPI, HP3, HP4, HP
24,24 B GBS ALE A REMEY ¢ wdl]
o TEHeE fFEFS ¢ F Jdoh gz, ZE F

o)
L‘I}s‘f

o=
&

9] el rle] FEHoZ WEst 0%9 HE HPY
il g glvkelth. o)el ¥ AHAE mlFol qhuld sl

glol ZE EFo 100%EA 3= EBEHS HPIL X
HESV #oixul, A8 FEAHR T F A
HP11¢ =#3t¢, HP1, HP3, HP4% 419 HEAHE
ol t}.
(2) i 7] (Table 5)

b BAf

F#= oMM 4 HEE WEY SfEES H4Y
£ 0%~100%°1 i dhe fFfeste ERES
HP1, HP11¢] 2iE ol =, HP8s HP28E A& £A
A gz, 80% ol 4o MM H& MER HES:

9l =
AT

)=
=

1.6%~100%°l = EE W #3 FE}e BAES
HP1l & HEEE ¥oidt. =3 A3 &£ = &
BE SHEE gloH, 80%ol A wER fFE}E A
2 HP19 10%9 BEEEE HABED LEH Be
ol ot

h ®*4 %

EALES] £ RAE S6HEY H9E BAES
WA R 0%~100%01 5 EE SfEc] kEsez
#1eslE 2. HP3, HP9, HP1l, HP172 HAf
2%, SEEY 158 5% mEHEC 100%%F
o ole KEE 4d 244 ¢ BEHEE Yot
A HP29] 5%9) HEE ZAx S5 ##ho) o

(2h) 28R dd4 & BAEY o1 HE

FEhAL 120080 Fd oY & BEAE WzE &
MEES 2, 28 fMfd LEres FEsle Ae
b7 9 mlsbA 2 HP11gE gl #o] e, 98%¢]
4 e UEE A EHEL HPlojth

of. MARN EESte BRAKS =¥ 9%

% 60] HE upelzte] 7| ¥ 59 HP1~HP28 gt 3
e FEFY F FEA=ETFE G sd RelA
9~19 =, A 7ol Qo] 8~184 =7f vHEF o
2, Aox FEE 8~19M=9 HHE Holx 9lon
dudlyle BF 1459, FdsE 18.8ieR ¢
W A7 B A4S A &4

28z, WEEe BaEe ddr Ade gaz
WE FFE (7.5% gel &3] 2EoA 7 £H4d
Sl A 71 E) 12~16W 2tolo] EA s, BEAH o
14 A= gl A ed 7z dvka £ 4 glch

ul O
g2

o)

T uro .o A},

wha a

4, E =

ol EEEARC Wt BRIEKEK HEE EH
g Prgee 1950FR 258 AA3 QA7 Ay



2=k, Z7)olE REE Sl FA gt zHd
Aizawa(1955) v KB AKEIES FIH St 2~3(#
EEE PEE o] ol EF BEES M4 wE A
albumine 2 [#Estg e 2oy, 2 o & R
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