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SUMMARY

These studies were done to find out any difference, ultrastructural, physical or chemical,
between the shells of diapausing and non-diapausing eggs of the silkworm, Bombyxr mori L.

1. From the electron-microscopic observation, the egg shells have four distinctive layers. In
addition to the four layers, the shells in the diapausing eggs has another layer with low electron
density on its surface.

2. The permeability of the egg shell to hydrochloride ‘was much lower in diapausing egg than
in non-diapausing egg. Also the permeability changed in the opposite directions with the egg
age; the diapausing eggs decreased while non-diapausing ones increased.

3. The permeability increased when the diapausing egg shell was treated with HCl. When
they were treated with ether, however, the increase in permeability was much smaller. It seems
there was an ether soluble material involved in the content of the egg shell.

4. The diapausing eggs were also much more resistant to desiccation than the non-diapausing
ones. The former, when treated with HCl or chilling, became less resistant to desiccation.

5. The positive histochemical response of the egg shell to PAS-Alcian blue and protein
stainings suggests presence of abundant proteins and carbohydrates in the egg shell. On the other
hand, the staining response to lipid was more positive in the inner layers than in the outer
layer of the shell.

6. The egg shell adhesives seems to be mucopolysaccharides produced by colleterial glands,
since the oviposited eggs showed a positive responses to carbohydrate and negative to lipid-staining
chemicals, but not the mature docytes in the ovarioles.

7. There were two bands on the electrophoretic pattern of the SH proteins extracted from the
egg shells both in the diapausing egg and non-diapausing one; a slow moving major component and
a fast moving minor one. However, the electrophoretic mobility showed a difference in the
minor components between them. It is evident that the fast moving minor one of non-diapausing
egg ran a little further than that of diapausing egg.

8. In amino acids analysis, no significant differences were found in their composition between

diapausing and non-diapausing egg and SH proteins contain relatively more glycine and less
cystine.
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Explanation of plates

Cross section of diapausing egg shells showing that the outer layer(A) is covered by another dense
layer(E) (x8,200).

A: Quter layer B: Mid. layer C: Inner layer D: Inner most layer E: Low dense layer.

Cross section of non-diapausing egg (X5,000). Electron micrograph showing non-existing of the
low dense layer(E) over the other layer(A).

Cross section of the diapausing egg treated with HCI(x5,000). The less dense layer(E) (cf. plate
2.) can no longer be seen.

Cross section of the diapusing egg shell at higher magnification( X8, 500).

A: Outer layer B: Mid. layer C: Inner layer D: Inner-most layer E: Low dense layer

Cross section of the non-diapausing egg(x6,200). Electron micrograph showing no existence of the
low dense layer(E) over the other layer(A).

Cross section of the HCl-treated egg(x6,200). Electron micrograph showing unavailability of the
low dense layer(E) over the other layer (A).
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Table 1. Permeability* of the shell* in diapausing,
non-diapausing and diapausing eggs treated

with HCL
Age of eggs Non- HCl-treated
after ovipo- | Diapausing diapausing
sition diapausing eggs
12hrs 5. 84 8.82 8.88
24hrs 2.86 8.90 9. 09
48hrs 2.84 12.1 12. 1

* The permeabhility figures are presented as required
for penetration of HCI through the egg shell.
# Five samples for each measurement.

Table 2. Permeability of the egg shell after ether

treatment

Replica- Diapausing eggs Non- | HCl-treated
. No diapausing| diapausing
tion treatment treatment eggs eggs

1 2.88 3.20 8.92 9.01

2 3.00 3.51 9.00 9.50

3 2.78 3.00 9.12 8. 80

4 3.12 2.98 8.88 9. 90

5 2.95 3.34 8. 90 8.90
Average]  2.95 321 | 896 | 0.2

Twenty four hour old eggs were used for the
measurement. The permeability is calculated from
the inverse value of the laps of time required for
the penetration of HCl through the egg shell.
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Fig. 1. Decrease of egg weight.
500mg of egg was repeatedly frozen and
thawed in low temp. cabinet and was stored
in a desiccator with silica gel. The eggs were
weighed at regular interval twice a day
continuously up to 70 days after oviposition.
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Table 3. Histochemical reactions of the shell in the diapausing eggs.

Responses ’ Outer layer Mid layer [ Inner layer i‘Innermost layer

Harris hematoxylin [ + light purple ‘ light purple purple
Mallory triple stain + pink light green pink
Acid fuchsin, Orange G + dark red red red
Light green, Orange G, Acetic acid + light purple light blue light blue
Methyl green + green green —
Sudan I — + + 1
Sudan black + + + H
Millon’s ‘ + # # +
Xanthoprotein \ + = + =+
Ninhydrin ‘ + 1 + +
Biuret + + =+ +
Chévremont & Fredericq \ + + + +
KCN treatment-Chevremont & Fredericq + + + +
PAS, Alcian blue + +# 1+ 4+

+: positive jun

A & BERANE WRE 2 57 s 2
2 DPREAES B ot xAb & cystine Bl
ne WEABE Hodoer A (Kawasaki et
1971, 197222 & = (KHEHE, JEORERON 2 HIEO A
ol X RS glo] LF SHiLo ¥ KEe] B
AL REITTZ B} Kbl Bt = PAS R
9 PAS-alcian blue Hufa-¢ f73tg o, &8 2F o
Qugmol kel ol A HWES HFEES BE ¢+ dow
(Table 3), o7] A= PAS-alcian blue XS] %] A} uk
et s et

BN 24B5HEBRS]  (RAEDR, JEORERDE £
gpgkel EEEE JERIRIP 2
s = A, RERDRS A
gl e} (Table 4).
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Table 4. Staining response of outer shell of
the egg in diapsusing, non-diapausing
and diapausing treated with HCL

. .. _[Non- HCI
Dyes diapausing diapausing| treated

Amido black 10B +4+ +++ ++
PAS-alcian ++ -+ +
Sudan I - - —
Sudan black + - -
Chévremont &

Fredericq + + +

+  positive

— I negative

=+ ! positive or negative

Z
;
1

positive or negative

o) $h7ro] fEol I FPempko) EEE Rol (NERID
2 JEIREEDRC] ¥E S B Eolx 449 F Jevt =
3 ol FEEES % A e 44 £x Ak A7
3 4 ot 22} PAS-alcian blued] % #IE% 9 of
Yeb BED, BEE £ SREs BERES vl
ot 145 (Pears, 1961; Riley and Forgasch, 1967)%
o2 Bol KRE] 9lol A9 PAS-alcian KE-S o]
Festtl o s HAake Bz LY "k
sz 9t

34 feEel B o R A= Sudan It Sudan
blacks] FAEL Ad Hfo] U2 RELE Z
F5 AR AdA FaEd H3 HHEA Ha L6
< WilBdA A REe] HA Gezlel HEeIAT,
60°Col A 1HE¢F Y2 3 okat Hufmo] & sk

Sudan blackel #t3l i mBslg& 4% 4
f@ol F Hufto]l HE X B2 hE AR 2 BAE
e AA B 9ot (Table 3)

w3 {KEEPR, JEMAHEDR 9 EPESE Abolel Sudan
blackel #3 Hufaido] h 20 4o ol P
Fol Lipoidig: #HiEe]l HEd M =3 PEERE Ho)
(REEDP=) JE(RERER 2 BIEON Alole) Lipoidid: #Ee)
#7 9t Aoz BHEs JIRURE KR
aEpMae Ead M2S v A (Yamashita and
Hasegawa, 1972) UM% E+S sl Lipoidk:
BB FEL v A 2] obdrt BgAh

258D E IBRMEES 2 7571 Holz
o] KRS A HEY Ada

R

£ Eel

o] 2

Btz Ao



—iE R EARY IIRIRELS R HRks 2
< BRGRL oz @k = el Yol Mgge
EEHBS #4639 Lipoprotein® HEE 13 LBF
Tz e Ao Bol (REEH 2 JE(KERIIA o] ol
ko] e BAY ZRI BE0 oz 2 HaM
R #EoA A Ao ohdrt Frh o9 e B
B RS ether EHI =24 FHiffte] EBEERE
el Foldlve Azt & —3lE RAoth

(2) PPkl MhGH: WEA B el

E#e —iy oz FEIPR I KiBke 75 A&
Al KRR R 8 e wES SWddz @
(Wigglesworth, 1953; Hinton, 1961).

ool Qo A= B Tl g EEmel WEHWHE
of BTl Sws=e HiBHe 994 Adx &
H(FEs, 1957).

2y oo glelA o] E AFAAY A dd 2
] 3gd E4o] BEs yalAur g =3 ol E F
A2 A3 IMRERS RaealkBy HEe #BESd 9
o] HEL vA ertE WA ARRE By
c}.
WA o] KEWHES FPeotkd MESIZA SEo=
Aol vgolst A iz 4 TEE o EIE
sehol = dol KEMRAA o == MR Ee A
N AR[LE pineE BHEIFT W HdelE &
Hztd EIEAA AT Fo] PR Yl Bl
A3 £49 EOE ¥ 2 BERE =439
Table 5ol Al B ul9} o) H3Et: HEF EBEHHEY
Rels Xu 5 AT Aold ER7 ol BRF B
# RES oot

il H3 K AlAxE & £2RE o) v
wol 2 88 fustel AW o IRk AseE £
oo AMEPL A2} PAS-alcian blueo] #kg-o]
g Aoy Hol Higt: WEL ER FWsEs
W HEYMEC R AEEH e 2EE AW 49
B4l B®ED AL RAES BEYEST BEEYE
olglm Halcl,

48 ZEHE, S mucopolysaccharides, HERL, &
JBE 9 BiEE%o)] =% PAS-alcian BH:FKE®%EZ)
23 sf=w8l(Pearse, 1961; Riley and Forgasch, 1967)
AREl A = BEEA B KR Bielz EAH
e KL PBtkolvt RAaRY EAHES B
SH%2 Yote Bier Hol HERAA SWAE H
Be EolAY BEAEY wikike] otz IHI G
22y King (1960) 2 Riley9t Forgash (1967)7} 3
&8 2 9] (Drosophila melanogaster)?] A $-& 2w

Table 5. Histochemical response of the shell
surface from mature oocytes in ovarioles
and oviposited eggs.

Com- . mature oviposited
ponents Stains oocytes eggs
Protein Fast green FCF + +
Orange G i +
Mercury-
bromopheol blue + H
Carbo-
hydrates | PAS + H#
Alcian blue, PAS + H
Magenta + H#
Blue + H
Lipid Sudan I in
Hexheimer’s sol - —
Sudan black in
Hexheimer’s sol —

+ : positive
— ! negative
=+ : positive or negative

FiEt: 82 B mucopolysaccharides®} 3l& A
o2 Hol ol Kk HESE EM  mucopolysacce-
haridesdd Ml Eo). welA] DRED AL
B Felol = o3 BEe vAA gk

4. IR BEEARY BAKEE L olol L BAR

{efol whel SRS EMREE 2 ko BENY 2R
Holz BER A= BEHezs T RS
RaEdeh. A IR HEYT KBS BEOER
Hel = RRRoMvl B+ glycines} cystineo] o]
ahde Aoz doh (Kawasaki et al, 1971) =&
ISl MRS F KR HES Bl aFsz 9
v} FE (Tichomiroff, 1885) %oz Bol disulfide
linkages #x gl #iEH: FEAH I} B
PpRel BMEFEAES SHESHC ¥ BEKEHK 2
Bt = BRE MEs g

7boME g Hk

AR $HRY ERE MRS e ez B
mwato] (FERSP 2 JR(RERORS] MEESAC W BHEK
B 2 oln| L SH< As Fig. 29 2ol sty
.

W BEELY Y BRIKES 5% Polyacry-
lamide Geld] RE#H buffer systemo & AL 3041
<2 Gel column® 2mAE BB # 5SmAZ Zd4
BPB7t Gel stificl 2UEE =174 38R 45 < KE
< 78k #HE Gel buffer: 8M Urea® &H3



| Egg shell j

Ground and homogenized with 5~10 volumes of chilled water.
Centrifuged at 6,700g for 10 min. at 1~3°C.

N

|
Residue ‘

St E

( Residue ‘

Homogenized with 5~10 volumes of chilled water.
Centrifuged at 6, 700g for 10 min. at 1~3°C.

-Homogenized in chilled water with 5~10 volumes of it.
Centrifuged at 6,700g for 10 min. at 1~3°C.

|
] Residue l

—

R

0.2M Tris buffer (pH 8.6)
Vacuumed for 2 hrs. at 20°C in vacuo.
Centrifuged at 6, 700g for 10 min. at 1~3°C.

!

‘ Sup. I (
0.03M Dithiothreitol
8M Urea
0.2% EDTA

_ |

[ Sup. IV [

| Residue ((discarded)

Dialyzed against dist. water at 20°C. for 24 hrs.
Centrifuged at 6,700g for 10 min. at 1~3°C.

|
Sup. V(SH protein) !

(Concentrated to small volume)

f ppt [(discarded)

Fig. 2. Fraction of SH proteins of the structural protein of the egg shell, Bombyzr mori L.

0. 1M phosphate buffer (pH 7.8)%, electrode buffer
L B-mercaptoethanol, sample buffers 8M ureast
p-mercaptoethanol® #% 0.1M phosphate buffero]
9ok BEKBHRAE Gele 10% TCAS) 248%
ol 3[Ele] Ax Kol 0.25% Coomassie blue(50%
methanol® 109% acetic acid)ol A} 5R§RS Ll L Hfao)
4 ot

otul L iE M-S B A= 6N HCla 110°Col A 248
[ ko mslg = 4598 cystinest methioninee %ES
22 S5°CHBBHRAA 1F BEY # AFoly =%
A= Hitachi KLB-3B)E 475ttt

v BR 2 ER

(1) BEIKEHE

(RERDR= JR(RHRORS]  EEORER 20~24Wpiiel 91l Al
DIBREECES SH EOEA #HY BEAuEiy =
RE Mol ¥ £F IRWEESS BEENE o

742 & A9 2bands} BES ] JEKEY A S
BRI o242 o F Hifvex Jehvdd (KiE
Dpell el BBHEEMEST BEIEEIA o 2d BE
o3 Bol {RERIP=} JERIRDRALo) of SH & B(minor
component)?] %7} ®elch. 2y BEEHS =&
Zi (major component)-2 XEHIEE Bo} F—3ttlz
B#tE ok (Plate 7). o] = Kawasaki’s(1971)0] 343t
vhob o] IRESEER S 3 EHY BEHEE #RHJd
9o} dithiothreitols} 72 BEiLMls EEslw 2889
SH #HEMs THAEFRAEE 789 T dokx 8 v}
ASE Yol A ® pkEIESE 2fe A& dithiothreitol
2 fEMsle] disulfide bond7t ## 2089 Subunitr}
WE) SEtdA ez 2Ae, dom oo B HHE
{L2BaY FeiEe] KEt BEes .

(2) obvw] :=FAK

IR 20~24R5RIEES] (REEDR JRIREROEST Qo) &)



Table 6.

—

Diapause Non-diapause

Plate 7. Eletophoresisof the structural protein extracted from the egg shell of the silkworm, Bombyz mori L.
Depicted are the ahove electrophoretic patterns of SH proteins fractionated from the structural

proteins of the egg shell.

Amino acid composition of SH proteins

fractionated from the scleroprotein of eggs

of silkworm.

Amino acids

Cystine
Methionine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Iso-leucine
Leucine
Tyrosine
phenylalanine
Lysine
Histidine
Arginine
Amide

SH protein
Diapausing | Non-diapausing
0.1324 0. 1166
0.1798 0.1833
0.7397 0. 7387
0.5943 0.5921
0. 4176 0. 4057
Q. 7840 0. 7645
0. 3605 0. 3516
7.4163 7.2150
0. 6373 0. 6883
0.5144 0.5987
0. 2533 0.3324
0. 3279 0.3331
0.6417 0. 3235
0. 1425 0. 1501
0. 9081 0. 8605

The values are expressed as a relative amount.

PIRBEESES SH ZEHEC HY BREBEINA &
minor components] ZER7 9o} (plate 7) o] % &EH
Bl # ol :BaHe & RE 29 BEREBE
A Xy upgl o] F EHE olv:EERS A9
R—stctz o 22y & 6olA Bx upe} o] B
BEAHEY otvl x@rhd & glycineo] 714 & Ho
H#hol®] eystined HERY A 280 glovt &¥folq
EplAE BE Hojdh. —BeE #EEAE
+ hydroxyproline, hydroxylysine @ desmosines} 7
& o}l o] vtz (Wilson, 1960)5) JRERE
BEPAE kit 2 olvi ke A Ut
e}y Kawasaki%(1971) 2 SH B8 ofvl =M@
Rel AL ERET vt ot HBESEP cystine
9 SRS B 294 B HET KRS Q9
&® a-keratine] $lo] A & cystineo] WEERHEY ¥
Bolvl o & BEY HES dvte BE(Gillespie,
1958)2 B} JURMRERESD cystineo] #HI HB
{8y HES & o Bastoio & Reolrt

3 RERER=: JEIRERERALol o] Lysine@@ol & %
BE mgch. 8 {(KEESPe] JEMKHEDHSY M} Lysined
Bol 265 Hokche #XE Lysineo] gpgke] Ebel
MR (&EmH - &85, 19830 AF F —FK}=
Ao2 vk (REEOEe] FE(RERORCl thef EfmiEL



BEgstA se dote A& & e Fzo gl #%
etA FEEe 2RV A Aolw WRAEE AR

3Fﬁ<ﬁE§l‘ | Hed BHETFEL BETAN BEFHE

vhob gter. Chino (1957) % EEURS] {REEBRLARE ¥E%
f%@ﬁ% RN RAAReR RWsEA o R¥e
{REES] @l olvet o R #WEST et o
oF 22 BEClA & (RERINS JRIRERIRALl o DERR
BRYEA Ha HTFEEE 2 A IREHEE
of Hi £BPHENR WAL o WRRER @
o} g+t

IV &8 %%

ol vt W7 Aol (kB B&He v mikiR
®e Allata #8 %9 RFUWEBHA 2L HRE Z2<
o zEly OEtel (RERstE RAFlE oldie Ay
Wigel R~ §id {KEEc] REHRE Ao] ##elwt

Folol oA = FMAIES DPEKIA #k 3~4H
Bel M7 MiERS BilA AET Mg (REEE
< FWI=E5 READT2 ¥, (Fukuda, 19513
Hasegawa, 1951) ol ¢tzo] ZEIpe] {REEH] IRk
FHY BT FREER A DEYE  KEHS
et

o shol = BPKEESL = Coleopterad) B3l Atrac-
hya menetriesi= WFol MIBREEN BEREA KK
o Eelstz KifbaHE HhiRel WEddxz -t
(Kurihara and Ando, 1969).

w3l Folo fkiEs] QelAd = Krause and Krause:
(1972) PMRIE=} PRt MWLEMl kel A 4%
"otz s, REEMEONC] e RET oA o)

£e #EA7 4 ok B, RERDE,  FRKERDE
9 HNEERe PR K SriEEtke] BEA veve & 0
ol RERA T MERGT AdE Ao mkdx I
t},

weba KRB A S IIRES BTESEY 8%,
Bon nREBtEs B, FREIRS ERBN Rt
2 IIREAEY HiEe J@ET v 2 FRd HaA
stmA gt

Ipel #EE BETEREMN.E BEY #F B
Bol T A 4BozE Holglen, SNERE BRE
ol FEHE 14 FA%. AENe PEX 2o o
o AEETE FAR, BRAES sponge® 4g 3l
A %(Plate 1) o) &= BFE (194009 HFH(1957)9) #
&9 e #REA

zeiv (REEMEST BRBiele] 2wl DRfc] AEORKE 24B%

Ml (REESRS OEkel & SMBe] =38 BTEEL ¥
& o JEol =, HE olEe H—% e HEY®
7 ol = ETERE AR 2eolx %z (Plate 3) 3
{REERl M = vevtAl gz vk (Plate 2).

o) & BEi%EE nolr e Rl ¢rl(Plate 4,
5,6).

ol ¥ UIREE (RER B89 H¥ex WIMNY
Filho] Mels ol JIRIMK RiEAHECl MMM
o] By Hi@tke] 8] (Yamashita, 1970) SFREER
WEe ER AZdA7), ol Rl wteb gpgkst
PR S o) MAEAA K& BEEE HALAS
HEA 7T &,

g Rogers (1957)el f£%}3d cysteinyl residueZ
7 BEES OsOl] #3 Geaffo] Hdbe Hioz
Holx Fifgel tEF el 717 AeA Fs o]
cysteinyl residued Zt& B2 HBEE lz ddx
HolA,

St DRk HIfEEENS B el AR ¢ &
o] BF ZiliMko] %= = Fifife] Aol wte}
BREe FEBkel HelAw o Koo &8 2 HEN
2 FEiRiEe] EolA h(Table 1.

=3 Fig. 1A 2E sbel o] k&g #EHd &I
ERIERE RIROIS JECEED 2 BpEgist &
BiRE Hol o) & ke kGEBkd ER d+S
& & At

gt ether pR¥l o %t (REEDPS IWEEFRDRS] Hodf
ppke] FHidtko]l Bl Ao ® Hol IIEMEb %
s olw MpEo] wliEl o] evha A 2hE o (Table 2).

ol A& DRKERe] IR HMWRILS MEIEH K]
HIFE e HES SRR BAEREAN o e
25°C fR¥C] AS EINE 20~24RHE BRI 5
IR HEr kol A JIRERMC] Hoa R
< AW

ol o} o] FRR kel RolAZ 2 FIEtE LE
3 BEELRe] TREA Hol RS R FEIER
o 2 glycerolst sorbitolo] FE{REEDRS] Hes) o) &
= et &= (Chino, 1960,1976) |E o 2% HEdwol A
#Estch. 8k Okada (197D = JE(KERIRS EAFLpER
PRe} Ko FEAre]l MFBES] R =l FHiEHo)
ety WA w dth ol Shxre) EEERIEHG  {ke)
o PSR ES disulfide bondel @k BE,, HClg
H* ione] #3F mercaptider} K= =2 Pkt 2
1" wliElE BERE 4 9=, o)A+ Atrach- ya
menestriesio) Q1A B 4 9 v+ (Kurihara and Ando,
1969). Fpel Mg s 2nl Table 348 7o)



4o 2 o] 9= o] E Bo] Y Rueaks 2d &
HES o] A9 ¢HN RELE ZF4E —He
2 A B AL KIFABDY HEst A9 —
3ts Y

el lEq HE e HEAMAE Hfol 2 ¢
Ha, MRE0°C)OTAN 1HEE s ofofwt Hifs
o] =& Ho| ##lolrt.

®38 Sudan blacke] ¥ Jufmikol QoA HKERIE,
FERHROS 2 EIBOR Atolo] R Bolx gleh ol&
Yamashita #:(1972)¢] #&3 vle} Ro]  IPBUEEE
RIEE Zol miffie] Bk FEL X B
BB+ stvtd Lipoidik#Ee] #Eiliel e v
A R obd At A A4,

B3 £%0198DE IR =k JIBIEEES B
EEZ) Beolz o)A o] (KIEHES 7 & BBto) Utz
BESHZ Y= Ao Hol ofdl IIREERMWES KE
Baol HAA HESHH obgy oy BEEWE
old WREE IPRBRY B FEIete YoE R
Bsojol & Aoz Hiiddrt.

R WA 1957)E clupea pallasiid] EBHA =&
BEg¢e] Chévremont & Fredericq KfEo] #altctz &}
o BEHE =& IR SH ¥ f#stz o=
e o gt

F KR QoA = IEER ololieil o disulfide
bond# & Zte ofvl:xAtY BMELBRTH KES 2 &R
IRERDP= JE(RHEYR 2 HIEBID Abol o] #R7F glo] =
% Chévremont & Fredericq B KES el glch.

28y Chévremont & Fredericq KHE] %olA
ferricferricyanide= phenol ol = B#:& vehyoz
MBE =& SHES BLE WHE:A L+ 9=
doz 6% HHY st Aot

s, B IR s e HiEl pHEE EY
B AR HRefadt R EBLEN Bk E&o) v
A AL st IIREEE: wEAS R peHe
B FRM¥EY HES PAS-alcian blued 3l HEh o2
BHRES Jebil 2 IREE < Bkl Aoz ®o}
ol o #hasid: PE-L mucopolysaccharidesg o] 233
s o9t e T|EL Drosophilla melanogaster<]
¥E®WBES  mucopolysaccharideszt A (Riley and
Forgasch, 1967)¢]2}= FEAE & —%stz 9t}

ol o} o] PR MEMES X2 BEOHE, ¥, ¥
BE=Z Fo JdeowA od= o]F #HHE fiEs
HEF Q= Ao ozt Yy HENSE ma-
trix® R sl Jike] BBtz 2.

o] ¢ BBl A £F(18LE BEFA w@& JiRE

BRYER Rek#E 2 FE) REEHH KEML
FERIRDE Abole] ZE7F Yotz e BESo2 Ho}
o] Bholl W&l Yoz MFL #HE IIRBHEYHHEY
Aol Z1d =,

g IiRRe) BEWHEY #Y SH2 Tichomiroff
(1885), Tomita (1921) 2 Kawasaki (1971, 1972) %
o kK&t W olch. #H3l FiRe REBeosd B
ofvel RS MR 9 oKSAEEE L BES fEe =
Aoz PIRMEY BEE Z2 d' Aod. =284
NBERHES KBFE AA sz v PREAE
#]3 HES K B ERESES KiEl RE
H 2 %99 S BEEE A& oz kB4
of M BEAHEE o Qdz gk vt KR
Bl dolA & #iEtE BAHESY &Kol = cystine
o] T BiEN BWREE (Gillespie, 1958)& dthe
HEZ ol IR it FHEF SHESHEC #e
BRRKEES 2 &2 KEI JEKE oo BE
BERESL w1 & bandel QlolAd #ERE Ho JpKEEIRY
band7} (KEEDBS) AR BERoz Fed 49 B
Bty om KB = obF EEhol vt (Plate 7).

e o] SHESE # il = ARST 4
B R & 64 Be viel o] HKRIRIIS JEMRER
IR Alolel]l & #RE REL F 8z F HE 33
glycineo| 7t W3tz lysines] A%+ KRl 3k
RARDRo dedll 2f%9] Bol M= dch. “ERE ofv
M9l lysined PP BB MEIcE IE
(B - £271, 1980)2 2o} {KHEEFEC) JE{REEIHC)
W E@gE L RS BkY micellesd) BHET #
&2 8 (Wolfe, 1954) Zilithol bt 4A RE K
GHEELE EZRIT A0\ K RERE L BEEd
I BT HERD BRBE o) FolA gt Ard
o =3 EFEESES Bk B 2R Plate 1,2)
st A OsOgoll #3t BRI (Rogers, 1958) 22 £+
disulfide bond& Zt= ofw] ko] FpERMEES] BRI
gz A4 KRR dAAE BEMA & ERE
HET F7F A9t o oo B3 SFHEEEH
Eol A HELEE Wit Bedd,

V.® =E

KB RIEPES SPERS) BB M A gy
B WY BTEMERS BRAT =3 IR
WEILER it B AT KT BB, WREBK,
Rte 3L IPRMEEAES BED KRET BOUR
e 2



1. DS BFEGEeR 2y Fho] 48o2
Heol ed, =3 KR FEREEIR £ BIBHE Ate]
o BER ER7 2dd. AR = G2 BF
FE 2 ke Bl KIEMN = FEdz o
JEfRER o BBl &= ol Be £ gl

2. EUPE 20~24B5MIA ) (RHEDR=} FEIREEDY 9 AP
BIF Arolo] SRRERLEEMS £RE 29 (KERIRCY
Ha AEm 2 JERIESRe] EF EAM E%x =
gt JRige] A el =t (RERDP-L Zi@HEel d el A v
Kot BIROE 2 JERERIRE Eilitkel ol et

3. {KHRERS] ether JRPRUN-- MEEORA] Hdl UIGR
o) FEiRbko] Wl Ao Rot NBRYES etherid
Hitgo] FfES.

4. RS KoEBET EREEEBN YA 2
o] {RfESEo] ANRIE 2 JEIKERINS) Mes) Kool
Eiec

5. FKEIFRS HBLEYN B BERHS e %
g Fefapkol Eol JiFols BRE ol FHIH
3 IRECl B Hetke A9 Bl REo:
A5 AsA s gt

6. ol o] JIEksE e PAS-alcian Ko g Xo}
mucopolysaccharidese] ©}.

7. U MEEAEES SHESHY B BRKHGE
o fejA (REEZR= FEMRERER =5 28 bandyt 2
vt JEREEORS 74 % BEEET w1 & bande of &
Hibfyol sl = B FRie2 2e oa BE
Gto] & B¥ERe] minor componento] FERI} R
ot
8. SHEPHH #a ofv @i doids Kl
OF 2 JERERIE Atoldl 2 #RE BEY & ddxz
JBELES SHEAES #BRotv] i £ glycineo]
7t ¥z cystineFEE A .
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