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Fig.l. Gel filtration of the crude Naja naja venom on Sephadex G-50. A
solution of 2g of crude venom was placed on a column ( 3.8 x190 cm) equi-
librated with 1% acetic acid and eluted with the same elution medium at
a flow rate of 42ml/hr. Fractions of 10ml were collected and the eluate
was monitored at 280 nm. Fraction designated as G-II was pooled and lyo-
philized.
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CHROMATOGRAPHY OF G-l ON A CM-CELLULOSE COLUMN

Conditions: Column size. 3.4 % 10lon
Fraction volums. {Oml
Buffer. 0.005M  AcONg, pH 5.8
M AcONo, pH€.5

Cytotoxin |
... Cytotoxin™ll

Toxin D

Absorbonce (280 am)

] 600 700 800 500 1600 1150 1200

Tube Na”
Fig.2. Chromatography of G-II in Fig.l on CM-cellulose. A solution of
3.1g of the lyophilized fraction G-II was applied to a column (3.4x101
cm) of CM-cellulose equilibrated with 0.005M sodium acetate buffer,
pH5.8. Elution was conducted with a linear gradient of increasing salt
concentration ( --- ) and pH from 0.005M sodium acetate, pi 5.8 to 0.5M
sodium acetate, pH 6.5. Fractions of 10ml were collected at a flow rate
of 150 ml/hr and the eluate was monitored at 280 nm.
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Fig.3. Comparison of lethal toxicity range of each fraction obtained by
CM- cellulose chromatography. The toxicity of each fraction was shown
by the rectangular histogram. LDso doses were determined by subcutaneous
injection of a progressively diluted solution into white mice weighing
16 to 18 g, using five animals at each dose level.
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Fig.4. Chromatography of G-II of Naja naja atra venom on CM- cellulose.

A solution of 3g of the lyophilized fraction G-II was applied to a column
(2.8x140cm) of CM-cellulose equilibrated with 0.005M sodium acetate
buffer, pH 5.8. Elution was conducted with a lirear gradient of increasing
salt concentration ( ~-- ) and pH from 0.005M sodium acetate, pH 5.8 to 0.5M
sodium acetate, pH6.5. Fractions of 15ml were collected at a flow rate of
140 ml/hr and the eluate was monitored at 280 nm.
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Fig.5. Comparison of lethal toxicity range of each fraction obtained
by CM-cellulose chromatography. The toxicity was shown by the rec-
tangular histogram. LD50 doses were determined by subcutaneous in-
jection of a progressively diluted solution into white mice weighing
16 to 18 g, using five animals at each dose level.

BOHI AL Fa75 (Naja naja) EHE S V0 HORBE
B G hEi L BRI NI EE 2 X VEO T 2 BES ZRET A1
», £ Toxin A, B, G, DX X Toxin [, 1DO7 I /BEHERK 272 (Table 1)

Table 1. Amino acid composition of Naja naja neurotoxins

Amino acid Toxin A Toxin B Toxin C Toxin D Toxin I Toxin I Cobrotoxin
Aspartic acid 8.89 (9) 8.61 9.20 9.01 §.01 7.33 7.89 ( 8)
Threonine 8.18 ( 9 ) 8.30 8.74 7.78 5.72 5.64 7.79 ( 8)
Serine 2.80 ( 3) 3.60 3.05 2.53 3.78 4,01 3.84 (4)
Glutamic acid 1.30 (1) 1.13 1.30 2.16 6.59 5.80 7.43 (7))
Proline 6.06 ( 6 ) 5.38 5.78 6.00 4.92 3.88 2.28 ( 2)
Glycine 4.85 (5) 4.60 4.25 4.90 6.71 5.90 6.59 (7))
Alanine 2,10 ( 2) 1.85 2.90 2,20 = - - (0)
Half-cystine 9.13 (10) 8.40 8.24 9,60 7.18 6.54 7.08 (8)
Valine 3.37 (4) 3.40 3.75 3.50 3.11 2.12 1.09 (1)
Methionine - (0) - - - - - - (0)
Isoleucine 4.31 (5) 3.60 4.30 4.46 1.79 1.78 2.01 (2)
Leucine 1.00 (1) 1.00 1.00 1.00 3.11 2.20 1.00 (1)
Tyrosine 1,12 (1) i.01 1.36 1.35 1.00 1.00 2,06 (2)
Phenylalanine 2.84 ( 3 ) 2.96 2.70 2.96 - - - (0)
Tryptophan 1.03 (1) 1.01 1.10 1.05 N.D. N.D. N.D. (1)
Lysine 3.53 (4) 3.64 . 4.36 3.84 5.84 4,56 2.69 ( 3)
Histidine 0.80 (1) 0.82 0.79 0.88 1.71 2.36 1.58 (2)
._Arginine 5.70 ( 6 ) 5.60 4.62 5.00 4.05 3.45 6.08 ( 6 )

The value of amino acid underlined was taken as 1.00.
.Tryptophan was determined by spectroscopy in alkaline solution.
The numbers in parentheses represent the nearest integers.
N.D. 5 not determined
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Fig.6. Gel filtration of the chymotryptic digest of reduced and S-carboxy-
methylated toxin B on a Sephadex G-15 (1.8x 180 cm ) column in 0.2 % acetic
acid solution. Fractions of 2.7ml were collected at a flow rate of 15ml
/hr and the eluate was monitored at 226 nm (——) and 280 nm ( ~--).
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Table 2. Amino acid compositions of chymotryptic peptides derived from RCM-toxin B

1 AL
}\ ) 70 N Amino acid Cl c-it (o211 C-IV-1 C1v-2 c-v
7°9’- ]\‘@ 7 2 CM-Cysteine 5.90 (6) 2,06 (2) 1.02 (1) 1.02(1)

Aspartic acid 4.90 (5) 2.90 (3) 1.08 (1)

Threonine 4.92 (5) 2.01(2) 1.93(2)

J BERERR S & Serine 254(3)  1.00(D)

Glutamic acid  1.12 (1)

NIV Proline 2.80(3) 1.85 (2) 1.14 (1)
U\Wi ff Glycine 2.68 (3) 1.00 (1) 0.90 (1)
= Alanine 1.96 (2)
Table 2IT/R Valine 2.66 (3) 1.07 (1)
Isoleucine - 1.13(1) 1.64 (2) 0.94 (1)
- Leucine 0.96 (1)
Ulze w3 Tytosine 077 (1)
Phenylalanine  1.00 (1) 1.00 (1) 1.00 (1)
Lysine 085(1) 0%0(1) 100D 1.00 (1)
Pt‘] D ﬁ{ﬁ li 5} Histidine 0.74 (1)
. Asginine 2.69(3) 2.04 (2) 0.99 (1)
ﬁfﬁ GC% %) J& Tryptophan + ()
— Yield (%) 69 67 75 88 89 85
v \%ﬁ%ﬂ_\. b ’ Position * 30-67 5-21 68-71 1-4 26--29 22-25
}\ ‘) 7° ]\ ) 7 The values of the amino acids underlined were taken as 1.0. The numbers in parentheses

represent the nearest integers. Tryptophan was determined spectrophotometrically.
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Cc-1 Cys-Ser-Ser-Arg-Gly-Lys-Arg-Val-Asp-Leu-Gly-Cys—-Ala—Ala-
ey v > — > > —> > > —>
Thr-Cys-Pro~-Thr-Val-Arg-Thr-Gly-Val-Asp-Ile-Gln-Cys-Cys=

—_— e~ et — — 5 e B ey 3 > ——p =

Ser-Thr ( Asp, Asp, Cys, Asp, Pro, Phe, Pro) -Thr

c-I Ile-Thr -Pro-Asp-Ile-Thr- Ser-Lys—Asp—Cys-Pro—Asn-Gly-—Hls—
—— e > e e A — —— ——F — 3 3 > —>
Val-Cys-Tyr

c-I Arg-Lys-Arg-Pro
—_— = — —

Cc-Iv-1 Ile-Arg-Cys-Phe

c-1v-2 Cys-Asp-Gly-Phe

c-v Thr-—Lys-Thr-Trp
—_—— —— — —

Fig.7. Amino acid sequences of chymotryptic peptides from RCM-toxin B,
Right- and left-handed arrows showed that the sequence was elucidated,
respectively, by Edman degradation or by the hydrazinolysis.
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Table 3. Amino acid composition of tryptic peptides derived from C-I

Amino acid C-I-T-~1 C-I-T-2 C-1-T-3 C~I-T-4
CM-Cysteine 1.01 (1) 2.15 ( 2) 3.04 ( 3)
Aspartic acid 1.31 (1) 4.41 ( 4 )
Threonine 2.00 (2) 3.22 ( 3)
Serine 1.80 (2) 1.10 ( 1)
Glutamic acid 1.32 (1)
Proline 0.95 (1) 2,22 (2)
Glycine 0.96 (1) 1.00 (1) 1.30 (1)
Alanine 1.54 (2)

Valine 1.90 ( 2) 1.00 (1)
Isoleucine 0.90 (1)
Leucine 0.75 (1)

Tyrosine

Phenylalanine 0.80 (1)
Lysine 1.00 ( 1)

Histidine

Arginine 1.00 (1) 1.03 (1) 1.00 (1)

Yield (%) 25 47 18 30
Position 30—33 34—36 37—49 50—67

The value of the amino acid underlined was taken as 1.0.
The numbers in parentheses represent the nearest integers.
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C-1-T-1 Cys-Ser-Ser-Arg

e e —5

C-I-T-2 Gly-Lys-Arg
C-I-T-3 Val-Asp-Leu-Gly-Cys—Ala-( Ala-Thr-Cys-Pro-Thr-Val-Arg )
C-I-T-4 Thr-Gly-Val-Asp-Ile-Gln-Cys-Cys-Ser-Thr~Asp-Asp-Cys~

—— e % ey oy 8 e o s

Asp—Pro-Phe ( Pro, Thr)

Fig.8. Amino acid sequences of tryptic peptides from C-I. Right-
handed arrows showed that the sequence was elucidated by Edman
degradation. The sequences in parentheses were determined from
the amino acid composition of the peptides and from data of the
sequence analysis of RCM-toxin B and chymotryptic peptide C~I.

(i) Toxin BD 7 & ~ BEF

Toxin BONKUG L H 83fIE TO7 T/ BFEFIDFERL, FE MY S
FTFER, BIP M) T oRTF DT & 2 BES s & DR 25, Toxin B
O£7 2 /7 BABIIFig. I OFE R HBETE LB, C, TOLEE %A
U@, = bU 7o, MY T et DIk BINi B 2EZDLT
W5, LIEDIER, Toxin BIINEKMIZS Ve ALy, CKIic oy LEES
8271 HDT I BFRETERIN, SFET812, HFHRRSMEOS -S4
BEbo Hﬁ”@%xaﬁ VNVBTHHLEDBHOD EL ST, $T2, ZOFEES
i’%ﬁb@j& cEhpl=a. 5 S FEHEBUI E=8200 LPEI NI,

2. Toxin C ®7 = /E;EEEFU Toxin A, B & (3i3AEE OESLEM: 2/
Toxin COMBHOZ R, HEOHERRITL DEEHA b1 (Fig. 2),
ICRIKB D 1% &KL, 0L 7 2 2 BESiE, Toxin BOBSITES
NIFER 2B U THE LT, Toxin ODF 3 / BRI Table 1ITR LIZED »
Toxin A, BLREIDMREES /0B THY, HFHED>S Toxin ALHIE LT, 7
=, VY, YU, FAXZLOT ) BBEEPRL LTI,

e



1 0

o) wmod) ) amed) ) e} ) e} ) ) ) D wnee) ) ——p

H-Ile-Ar§—Cys-Phe-Ile—Thr-Pro-Asp—Ile-Thr-Ser-Lys-Asp-Cys—Pto-
—_ —_) IR e ey Y oy ) — — —> —
——C-IV-1—3! ¢ C-1I—4

16— C-11-T-1 —3 1 —
C T
o ey e 2 ey oy oy oy o oy o 3
Asn-Gly-His-Val-Cys-Tyr;Thr-Lys-Thr-Trp;Cys-Asp-Gly-Phe Cys-
— S o o e ey T o D
e -V ———— 16— C-IV-2——d
——C-II-T- 22— ' —
C 40C C
Ser-Sex-Arg-Gly-Lys-Arg-Val-Asp-Leu-Gly-Cys-Ala-Ala-Thr-Cys
Ser-Sey-ArgCly-Lyg-Arg-Val-Asp-rey o gty A2 s o8
— e o —) —_— — 3
T T-1 € C-T-T-2 | = Cr1-1-3
T T
50 60
gzg-gﬁ;-gig-Arg-Tht—Elx-Ygi—Asp—zls-Gln-Cys-Cys—Ser-Thr-Asp—
;1.‘13 — — — —3 C2T T4
)
T
70
Asp-Cys-Pro-Phe-Pro-Thr;Arg-f§§-§tg-§?3-0ﬂ
I = )
= = 3 e C-11I—
1
C

Fig.9. Amino acid sequence of Toxin B from Tndian cobra
venom ( Naja naja ). Horizontal arrows below amino acid
residues denote the sequences of chymotryptic and tryptic
peptides. Right- and left-handed arrows show that the
sequence was elucidated, respectively, by Edman degrada-
tion,by the action of acid carboxypeptidase or by the
hydrazinolysis. C and T represent the peptide bonds which
were hydrolyzed by the action of chymotrvpsin or trypsin,
respectively.

(1) Toxin C DNFMs & 08 CHIEAF

 ROM-—Toxin C (167) &\, NAKMEEDT 2/ BEFILT K< L5
BEEECLh, 1AI»5 82MNFE TRIROMWMLREL 72, H- Ile—Arg—Cys—Phe
—Ile—Thr—Pro—Asp—Ile—Thr—Ser—Lys—Asp—Cys—Pro—Asn—Gly—His—
Val—Cys—Tyr—Thr—Lys—Thr—Trp—Cys—Asp—Ala—Fhe—Cys—Ser—Ile -,
—F, OFRMERIZE FIU UML) T oY) VEETH 5L L2HS DI
U7 .

(INROM: Toxin CO +V Fy kX rdE b)) T Uk

RCM - Toxin C (16™) 3 L ROM—Toxin B (16™¢) 2ZNnZFh bV 7

LTk hEEMA LT, ERRUIC 7 F Fid pH 8.6 &[T EAKE SIKE)
(85v/cm 2.5FEH ), BoMTEEE 1, [ ZAWVIIIREES—-su~v s
594 -tX - RTFREUVTHEELT,



Table 4. Amino acid of d from BOM-toxin C snd RCM-Toxin B

Tryptic peptide wame

acid -1 -2 -3 4 5 -6 -7 T-8
cx Bt C 3 [ 3 < B c 3 c B c B c B

oCys 1.00 0.97 2.01 1.57 1.60 2.00 2.15 1.91 3.0 2.90

Asp 1.25 1.12 2.08 2.68 0.93 0.92 1.31 1.62 4.41 4.4

Thr 1.78 2.10 1.2i ©.73 1.05 1.1& 2.00 1.85 3.22 2.80

Ser 121 1.00 1.28 1.87 1.10 1.19

Cle 1.32 1.15

Pro 1.10 1.18 1.65 0.77 0.95 1.17 2.22 2.19 1.00 0.96

€1y 1.0¢ 1.00 1.11 6.96 0.%¢ 1.00 1.31 1.31 1.39

Ala 0.97 1.52 2.08

Val ©.63 0.8 1.90 1.68 1.01 1.24%

Ile 0.99 0.82 1.62 1.71 0.9% 0,99 1.05

Lea - 02.75 0.88

Ty 9.50 ©.52 .

The 0.82 0.90 9.93 ©.55 0.80 0.90

Trp * +

iys 1.00 1.60 1.00 1.00 1.00 1.68 1.00 1.00 1.00

His D60 0.89

arg 1.0 1.50 160 1.80 1.03 1.10 1.00 1.00 1.08 1.06 1.10

Yield 517 &48%Z 297 32% 152 28% 1I8% 2WZT 47T 3I5T 18X 19% 10X 18X 562 562

The value of amino acid underlined was takee as 1.00.
Tr was spect rically.

& Tryptic peptide. from RCM-toxin C

#k Tryptic peptide from R(M-roxin B

YT R T F FIRIBT 2 LTERL, ZREDOXTF FO7 T/ Rl
k% Table 4ITRU 12, O CIIZRCM —Toxin CH 56D, BIZRCM—
Toxin B 5D Y T2 o RTF KON ZRL 120 WH ZHEUIER,
ROM—Toxin B 5DRTF FERT -4 BLIT — 6 OMRITHEN S & 1,
T—4TREY Y, Avafiy, FY2r, 753209, T-6TEIUrE
FOUX = OBEEEMBEL L, T, PXIRCM-—Toxin C%2FE b)Y To v
THELTENIIRTF FE, M) T2 Ui 7F FOSHEFRA ERRDS
ETER U, BoNiTFFRC—%2 U, Z0O7 3/ BN % Table 5
R UTe &RTF FOZFRIE Table 2 C/RI NIz Toxin BOFER EXG S #
A1z, HETERTF FRIIA—OFES 2R/ LT,



Table 5. Amino acid composition of chymotryptic peptides derived from RCM-toxin C

Amino acid Cc-I c- c-TI Cc-Iv-1 C-1IV-2 c-v
CM-cysteine 5.72 (6) 2.00 (2) 1.00 (1) 1.00 (1)
Aspartic acid  4.79 (5) 3,07 (3) 0.93 (1)
Threonine 4,41 (5) 2.01 (2) 1.72 (2)
Serine 2.28 (2) 1.03 (1)
Glutamic acid 1,00 (1)
Proline 3.32 (3) 2.20 (2) 1.30 (1)
Glycine 2.83 (3) 1.00 (1)
Alanine 1.95 (2) 0.97 (1)
Valine 2.26 (3) 0.87 (1)
Isoleucine 1.76 (2) 1.67 (2) 0.99 (1)
Leucine 0.93 (1)
Tyrosine 0.75 (1)
Phenylalanine 0.90 (1) 1.00 (1) 0.93 (1)
Tryptophan + (1)
Lysine 2.00 (2) 0.93 (1) 1.00 (1) 1.00 (1)
Histidine 0.92 (1) -
Arginine 1.87 (2) 2.30 (2) 0.89 (1)
Yield (%) 23 20 14 18 27 18

The value of amino acid underlined was taken as 1.00.
The numbers in parentheses represent the nearest integers.
Tryptophan was determined spectrophotometrically.

ZOER, FELN )TV UMERTF RO L, 7/ BERERIT S 8 O,
C—1¢,C—NV—2ThH 7, C=1DEY(ToxinB ) &AvVBE ATV
(Toxin C) DE#IZ, ROM—Toxin CIT2WT DN FKEHAG! DR R TH 5 9>
INTHEDL, 27 0F¥=> (Toxin B) &Y 2 (Toxin C) OEH#II EFT
DOFY TR TF RT—6DRERE, MY T v ORFREPSHEETE TS,
20— —21COWTIIZD T ) BEY|OKE DfEE, Cys—Asp—Ala—The
&1c b, Toxin B D Cys—Asp—Gly—Phe L&, T,
(iiDToxin CO7 T BBAEF

PLEDFER X b Toxin CO7 2/ BEHIZ Fig. 10 &7 H, Toxin AD 28
RDF )L o7 =T, 4IRIDTNF o) SUIEBUIESE 26 D
L & HHSE TR 72y C > Toxin COF 2/ BEFIIZ, Karlsson b 10X bt
317z Naja naja siamensis (% 4 375 )DEELEHE siamensis 3 D
—OHEED 68 (ID 7 AT X UM 7 A5 X LERL TOSLMIA—T
BB EMDD, 1,



1 10
H. Ile Atg Cys«Phe-Ile-Thr+-Pro-Asp:IleThr-Ser-Lys-Asp-Cys-Pro-Asn-Gly-His-

20 30
Val Cys Tyr Thr Lys *Thr « Trp Cys Asp Ala Phe-Cys-Ser- Ile *Arg+Gly ‘Lys Arg

e I T-a)- ]‘_’ e (=5
-———-) <———-(C-V)——-> <—(C-Iv-2)—> :

-
40 50
Val.Asp-Leu-Gly-Cys-Ala.-Ala.Thr-Cys-Pro-Thr-Val-Lys-Thr-Gly-Val-Asp-Ile-

P (T~6) ...3,‘4 ......................................
{C-I}) +

T
60 70
' Gln-Cys+Cys-Ser-Thr-Asp-Asp-Cys-Asp+Pro-Phe-Pro-Thr-Arg-Lys-Arg-Pro-OH
-—

«——i—~(C-I)}—>
c T

Fig.10. Amino acid sequence of Toxin C from Indian cobra ( Naja naja).
Horizontal arrows below amino acid residues denote the sequences of tryptic
and chymotryptic peptides. Right- and left-handed arrows show that the se~
quence was elucidated, respectively, by Edman degradation, or by the hydra-
zinolysis. T and C represent the peptide bonds which were hydrolyzed by the
action of trypsin or chymotrypsin, respectively.

5. Toxin DO7I/MEI: 1o Ka75%%0E5N% Toxin Dit, M
E LD 2%DNE TH LN Toxin A, BITOWVWTHETIRE (K FIT LTV 2Hi%E 4
2 E T, Toxin A, B, OO 7 ¥ /BRIAR & EELLL IHAL 2R L1z (Table 1),
Toxin DD~ ¥ RITH T AHFEFE ML, Toxin A, B, COZIUTHA~ZEHK50%
T, MREE 4 L8 VBRI ORE E BEEE Y & OB 2 5 I T BT DDA L
EZzonriy, ZO—REEERE LI

() Texin D ON A & FCHIRACS
NASITEED 7 & 2 BEF)IE, RCMELTZ%, = Fe U EREECL Y . NS
L h 31 BB CORFIZLTOMLBRE LT, H-1le—Arg—Cys—Phe—I1le—Thr —
Pro—Asp—Ile—Thr—Ser —Lys—Asp—Cys—Pro—Asn-Gly—His—Val—Cys—Tyr—
Thr—Lys—Thr —Tr p—Cys—Asp—Gly—Phe—Cys —Arg -+, CAIREEE (3B 7V K
FURTSFLA-LEIOE RIO VHMBEIREL DY, 7)) UBRELHTFELI

(iR CM - Toxin DD*E by T UL, '
Toxin BOEERECHOITHRIEL T, RCM— Toxin D2 btV ST




BEFREL LIk, R U 12T F FI3E % 0. 2% BeBRYSIR CEHE U1z
Sephadex G —15( 1.8 X184 cm) W2 7 Vi X h43¥E L1z,

Table 6. Amino acid composition of chymotryptic peptides derived from RCM-toxin D

Amino acid c-1 c-1I c-m Cc-1v-1 C-Iv-2 c-v
CM-Cysteine 6.28 (6) 2.20 (2) 1.02 (1) 1.02 (1)
Aspartic acid  4.97 (5) 3.03 (3) 1.17 (1)
Threonine 4.78 (5) 1.93 (2) 2.00 (2)
Serine 1.16 (1) 1.01 (1)
Glutamic acid 1.60 (2)
Proline 3.25 (3) 1.89 (2) 1.18 (1)
Glycine 2.97 (3) 1.18 (1) 1.13 (1)
Alanine 2.24 (2)
Valine 2.85 (3) 1.10 (1)
Isoleucine 1.91 (2) 1.65 (2) 0.90 (1)
Leucine 0.62 (1)
Tyrosine 0.75 (1)
Phenylalanine 1.00 (1) 1.00 (1) 1.00 (1)
Lysine 1.02 (1) 1.00 (1) 1.00 (1) 1.00 (1)
Histidine 0.69 (1)
Arginine 3.15 (3) 2.26 (2) 1.02 (1)
Tryptophan + (1)
Yield (%) 28 64 48 95 90 49

The value of amino acid underlined was taken as 1.0.
Tryptophan was determined spectrophotometrically.
The numbers in parentheses represent the nearest integers.

BHIEIKC— [ 25 C—VERLL(C-NDA2EDRTF FORSHITH 72 C
& H>5 Toxin BOEE EEBEICUTHE ), INS5DRTFRD7 2 R %
Table 6 ITRU 72, Toxin BOFER (Table 2) EH#T 2E, C— | OAITEDA
5Tz, O—~C—V T2 TIR T K U BEEEIC LD, NFKREL D3R L, 2
DR 2 Fig, 1NTR LT,

Cc-I Ile~Thr-Pro-Asp-Ile-Thr-Ser-Lys-Asp-Cys-Pro—-Asn-Gly-His-
—_— — —3 —% % % —— —% 2 ——% —— — —% —3
Val-Cys-Tyr
_— s

C-II Arg-Lys-Arg-Pro
5 e F s

C-Iv-1 Ile-Arg-Cys-Phe

C~-Iv-2 Cys-Asp-Gly-Phe
—_— — > —

c-v Thr-Lys-Thr-Trp
— —> —> —>

Fig.1l. Amino acid sequences of chymotryptic peptides from RCM-toxin D.
Right-handed arrows showed that the sequence was elucidated by Edman

degradation.



RCM~—Toxin D DNFKHEFED 7 T 2 BESIH» 5, C—N— 1INAG (Lle) 5
447 (Phe) FTO, C—1id 507 (Ile) »5 2147 (Tyr) TTD, C—Vid 221
(Thr) 25 2507 (Trp) ETD, C—V—212 26 (Cys) 5 29(7 (Phe) T
OF T BEFIE—B LI, C—NI3CHKIEBS T a) v ThAHL e LD, CRAKD
RTF FEEZHNTI, Toxin BERE ARFFFC—1XDOVTIE, 35ty
o UTHBL, ERUIZRTF R % pH 3.6 O THAKESIKE) (40v/cm, 2 R )
L | ZROICTBER—N—2sa< b 757 1 —2lAEDR THEEL 125

Table 7. Amino acid composition of tryptic peptides derived from
chymotryptic peptide C-I

Amino acid C-1-1 Cc-I-2 C-I-3 c-I1-4 Cc-1-5
CM-cysteine 0.84 (1) 1.80 (2) 2.60 (3)
Aspartic acid 1.12 (1) 4.00 (&)
Threonine 1.88 (2) 2.70 (3)
Serine 0.92 (1)
Glutamic acid 0.98 (1) 0.96 (1)
Proline . 1.17 (1) 1.81 (2)
Glycine 0.94 (1) 1.00 (1) 1.16 (1)
Alanine 1.98 (2)

Valine 1.89 (2) 1.06 (1)
Isoleucine 0.74 (1) 0.98 (1)
Leucine 0.79 (1)

Tyrosine

Phenylalanine 1.00 (1)
Lysine 1.00 (1)

Histidine

Arginine 1.00 (1) 1.00 (1) 1.00 (1)

Yield (%) 22 45 59 57 40

The value of amino acid underlined was taken as 1.00.
The numbers in parentheses represent the nearest integers.

BontizTFRE2C-1-1~C—1—-5¢mB LI, TNH5D7 2/ BEEKE %
Table TIT/RLUTZ, THHDI B, RFFRC—-1-18LPC-1-21F ) T
RN S, Cys—Arg, Ile—Arg EHEEI NI, XTFFC-1-3KLN
C—1—-40%7 3/ BEIIIT Fv o REEEICE » TGly—Glu—Arg B 8
Val—As p—Leu—Gly—Cys —Ala—Ala—Thr—Cys—Pro—Thr—Val—lys LRETX 12,
C—1 -5 O 2BAE 25 LT, Thr—Gly—Val—Asp—Ile—GIn—Cys—Cys—Ser
—Thr—Asp—Asp—Cys —Asp—Pro—Phe (Pro, Thr ) ERTE L 12, KRED 2EE(T,
Toxin BOFE M) 7L USRI — 68 LD Thr —Arg [l DX FF FEEEH3
100 T 3Nz oML T, RFFRC-1-5D0HKNIE ML F = &RE
EHEE X N1,

(il Toxin D@é? 3 BECH)



PULEDRERZ2EDRE AT, Toxin DOE 7 ¥ BES % Fig. 12 ITR T & 5 IKHE
HE LT,

1 . 21
HIN-ll e -Arg-Cys-Phe-l le-Thr-Pro-Asp-1le-Thr-Ser-Lys-Asp CysPro-AsnGlyHisVal CysTyr:

— — — —— a— — — — — — — p— — a— — — — — — ar——]

—{(C-IV-1}—x% (C-11) 3

— T

22 ¢ 29 C

Thr-LysThr-Trp-Cys AspGly Phe

—CV)—{C-Iv-2}—4

C C 49

gy)sﬁrg-l le ‘ArgGly Glu-ArgVal-Asp-LeuGlyCys-Ala-Ala-Thr CysPro-Thrval-Lys

— a

k {C-1)-
e T e

50Thr GiyVal -Asp|ie GinCysCysSerThr-Asp-AspCys Asp-Pro-PhePro-Thr-

T

» {C-1-5) —d
—— —t e veh ol et D —h ——h b b i d b — —b T
68 7 ¢
ArgLlysArgProOH

—{C-M i

et s
-—

Fig.12. Amino acid sequence of Toxin D from Indian cobra venom ( Naja naja).
Horizontal arrows below amino acid residues denote the sequences of chymo-
tryptic and tryptic peptides. Right- and left-handed arrows show that the
sequence was elucidated, respectively, by Edman degradation by the action

of acid carboxypeptidase or by the hydrazinolysis. C and T represent the
peptide bonds which were hydrolyzed by the action of chymotrypsin or trypsin,
respectively.

Toxin DIINFIFICA vV oA 2, ORIFITT Y VERE 2 D5FE 17,8800
[5x4 /S0 B Th Y, Toxin BOSLAIDLY VAT AF =T, 3247
D) PBAVALIT, BEAID Y S LB Z Vg 3 UERITEB UL E—
DIEEHETH DL EDH S D E L 510,
AV RATSEHO I RBESE I NIEOHIBE : 1 Fa 7550
CM—tiu—-270<v b757 4 —CFEL | BMEEEHOBEAB» LI HITE
COTHHIN, 13MEE L RBEOBIEEE %2 D 2 DOESHH 6 hit, Th
b D4y % Toxin 1, 1 &@& LT (Fig.2) 72, TAH5D7 1/ B (Table
1), 882 758hOEEL [ BMHESE Cobrotoxin SHEI L TV, Mg
& N IBOMBROZEIZ, Toxin BOBA LAKIC, HERE KL W ETDLEE
DR SNICH, ME L SBEPOSRIZIZ0E»5 1% Th 1, L6 DMHEE
ONFMEFEDT ¢/ BEF) 2L N < o 3REEHRIC X ) Fig. 18 OX SIChEL




25, T HD7 R/ BEFIZ Fig.18 1IT/R 7L & { Cobrotoxin DffE & &UHERME
h T,

10 -
Cobrotoxin H.Leu.Glu.Cys.His.Asn.Gln.Gln.Ser.Ser.Gln.Thr.Pro.Thr.Thr.Thr.Gly.
Toxin I H.Leu.Glu.Cys.His.Asn.Gln.Gln.Ser.Gln.Gln.Pro.Pro.Thr.Thr.Thr.Gly.
Toxin I H.Leu.Glu.Cys.His.Asn.Gln.Gln.Ser.Gln.Gln.Pro.Pro.Thr.Thr.Lys.Gly.

20 30
Cys.Ser.Gly.Gly.Glu.Thr.Asn.Cys.Tyr.Lys.Lys.Arg.Trp.Arg.Asp.His.Arg.
Cys.Ser.Gly.

Cys.Ser.Gly.Gly.Glu.Asn.Asn.Cys.Tyr.Lys.Lys.Arg.

40 50
Gly.Tyr.Arg.Thr.Glu.Arg.Gly.Cys.Gly.Cys.Pro.Ser.Val.Lys.Asn.Gly.Ile.
60
Glu.Ile.Asn.Cys.Cys.Thr.Thr.Asn.Arg.Cys.Asn.Asn.OH
Asn.OH
Asn.OH
Fig.13. N- and C-terminal sequences of Naja naja type I neurotoxins

F77, BURFLARTFE - FA PRI CRIBEE OO 5, MHEE & biICC
K7 383 Cobrotoxin LRI FRANSFE LU Th o 12,

E3Mi B2 75 (Maja naja atra ) EAHOMEEE 4 ot HORER

BE 758 R4 L NI TS5HOHEEAKIKCM -2 vo — 2 THERL 72 Y
4 -2 %Fig. 4 WWRLI, Chb6D3 5, CM—1 LIS T 4 2 77 VEREKENE
Wk bg—rie N RBRUI, TNHEDT 37 BAHEL X HEEDP S DK %2
Table 8 I/RUTZ, T T RIEEIHRIE X ﬂ'(b‘%(]obrotoxi?li, HELEE S &
7 37 R 5 CM—MITHEY L 72,

CM— I, 7¥=> 251 BHEAD LN (Cobrotoxin) &E U 7 2/ BHEK % &
0%$ﬁ%5?‘//\°7§33’6§)0720 OM—1, I 2K CM-T, N, V, IxLIO7

3 7 EBRERIE Gobrotoxin DFN EFLIL Tz, L L, Lh b OBBEEH(Fig. 5)
IIEELVESD D, OM—I 8L CM—idCobrotoxin & [AREDEFEEME 27K
L, CM—Ul, Vit VlitZnZh Cobrotoxin DFN DI 15%, 50%3 XN 10%
Th, 1



Table 8., Amino acid composition of Naja naja atra CM-fractions.

Amino acid CM~-1 CM-II CM-II CM-N CM-V CM-V CM-VII CM-VII Cobrotoxin
Aspartic acid 16.7 7.5 6.9 7.7 8.0 8.0 7.8 7.8 8
Threonine 4,4 6.8 3.9 7.3 7.2 7.6 7.8 6.6 8
Serine 4.3 3.2 4.3 3.6 3.7 3.6 3.8 3.2 4
Glutamic acid 7.6 6.9 4.0 7.5 7.5 6.9 7.4 7.0 7
Proline 3.5 2.3 2.9 2.2 1.9 3.1 2.3 2.4 2
Glycine 8.1 6.4 5.1 6.7 6.4 5.4 6.6 6.4 7
Alanine 8.9 - 3.9 - - - - - 0
Half-cystine 7.9 6.9 6.4 7.3 6.9 6.5 7.1 7.5 8
valine 3.5 1.1 2.6 1.1 1.2 1.9 1.0 1.4 1
Methionine 1.0 - - - - - - - 0
Isoleucine 3.3 1.9 1.4 2,0 2.2 1.7 2.0 2.0 2
Leucine 4.1 1.0 1.6 1.0 1.0 1.8 1.0 1.0 1
Tyrosine 7.6 1. 4,6 2.1 2.1 1.0 2.1 2.1 2
Phenylalanine 3.6 - 4.0 - - - - - 0
Lysine 4,2 2.8 1.0 2.7 2.7 4.1 2.7 3.0 3
Histidine 0.8 1.7 0.9 1.8 1.7 1.8 1.6 1.6 2
Arginine 4.7 5.2 4.4 5.2 5.2 3.8 6.1 5.8 6
Tryptophan 1
Yield 9.92 0.9 0.4% 1.8% 0.8% 0.8% 11.0Z 0.5%

The value of amino acid underlined was taken as 1.0.

BAE EBEIZL MR

BEANCRAINIBORKZMRIAT AL i3, ZREERBEBHENSTE D 595,
L5 DT & BB T S AEOMILE WOE» S bERELEA SN 5,
F ISR R OMOAETEEYE L, 7 OEIREN 2750 UVEM O EBRR O
FRENICTER TX AUJEEDS D %o ZEEB L TR - TIMEE S v/ 0B, FOER
K7 AEBER 2RI LT, AR OESERENFITER I, 212, 6%
iz A DB DO 7250 a2 Y U228k (AChR ) OOEEREEIICLL A IN
TUBe OGNS £ oo P E ORBIRICIEE & L 7 I BB
L b le O FEMSBOEN TS,

EHEOMELL 72 Sephadex G — 50 35 &L IFCM— 2 B — X 2fHE DY DK
Y, FFABOERINACHCEENE DL D& W VB 25 TR OKE STkt
STHELEDOL, BOLEEOROES 2144 a5 7 —it kb, &
BITAYEEREELS 25T d B COOREBIEDEEI, BEES 0 H 2% TEOEIE R
IO STFEES (EEUTEHREE) CORELIILETH %, BoEEH %
BT 25TE5000—10,000 DESFIIZEE U THEESE % >/ BB (Neurot o—
xins) EHfEE & /¥ EHEE (Oytotoxins) SFEN TS,

~921—



COMEBEHLE bicHaEE 4 LRI BT L 1hS, FN 5 OEEATIZE LVER (#f
%%ﬁ®pIu9-w,ﬂ@%ﬁ®puiuwi)%@oktw,CM—ﬂWU_z
e W THRIEEE 2IERE Y % gradient elutiondkic &, TZNZTN % HEIRSIC
SERERT A IR U T, E17, Bt L IciEED 7 L  BER2RE T
2D, BEL, aT7SHIBTAANEDIL, 1 Fa75OFRHIIR
B3 L of D EUETE & o VEDSRBBE 2 L2 ot LIL, L L, &
a7 sEmicid, | BEEE 4 /8 2B D Cobrotoxin LI, Cobrotoxin D7
</@ﬁ&tﬁ@bt3E®mﬁamﬁﬁént®Af,Hmwﬁmiﬁﬁgn&m
ST TS DFFRR, T3 ’\I:E;i?) I BB O AR S A, 37 IRICERICEE
N7%Cytotoxin AL HVEHELE A DT, MFH & v/ NV HEOER Zim U
L?ﬁ%@%@%t%ien%oﬁyﬂﬁﬁ%ﬁ%ﬁ@%me,;b@%&ayma
B Bl LT EDEA DS, Tu b3 2FOROMES 4 »/S SE E Cytoto-
xin®D 3 FE, EWELE &V SEH L IRIFFICR , TV 00, FEFH/ZED 5
Fig. WITRTHEERH % 4 D LHEEL TV %o

(1) ooy pSV)ﬁE (2) lcop4l L AT A4V (X)) OEA
3)1 op 8 DR

1 Eﬁﬁéi HEEMEERA
(cytotoxin, cardiotoxin)

(4) FLCEASRE 2o s 274 2585 (X)
» i S-S HUG T . 5
N
4 x: ab,
A )
B

e

HAshiEs

Fig.l4. | B#@SEs» 5 1 HHES ~OELKEERS

Tbb, Iy 2 F U BERICEENS 7 U BEREN AR LT, BENIC
LHEREMEOB VY I A v a 7 SR | s 25 b RIML 2 N BB LS
4, COBFOFig. 14D loop 5T 7 ¥/ BEAEDSHMEEA SNTRER , HTHEM: £
U BB LT EEZAT O Do IBIT, LD /I EEED loop 4D 218
DN RF VERE RS ABENSEAIND LI, CRESD loop 8VIERS
NIEEER, 1 REEESHB LI &V OEURR TH B, ¥ 1 Eid [ EREE 04



Badh, WML UNIBREEATONENLEN S, B X U0 HOBRY O ILE
LERIADEEZ LGN D, 17, BE I T OFERTITI, | BeEE SR
A URIBBEINTNEDY, [EHEEESENTHEY, —F, A Y Fa 750
I OWCKRERICERE T %0 7513 [ Bphieds , IEEME 4 L3 EICINA T 1 BUiEE %
ah, BE VB OBRPEER T VML L TR, BEDTVHIE & Vil
ULIERB THhAEEAL OGNS,

CNE TRV 2D & w8 IHIIDWT, 7 3/ BRAGI O b & FEERA DM
DBHFEINTV B, T TSI N 1B, [HMEE s VX0 B 7 & 7 B
Flesbs, BT I VBERI0-T4EDS L, 16 ITET, LrdZD5
LOMEUIH LR F VEETH Y, HE 7 I BEEONIL, FrroLeRER b
v F2a 1 LHEL TRRIGIZD 5L, BEBEDR O RSV E UV HD—D2LEALLN
o LU, IN6DMER TIIEVAF VEADSENEC, SHRZALHMILE
ORBICELEL, L 27 VEEMETERIND S - SEFOKKRU TH 5T
EMNBESEDITINT VD, —f, 2o 2F VEREADNOIEET BB, MRE
MEREBUTAEL 8 D EHEEI N Do

10
Toxin A H-Ile-Arg:-Cys-Phe:Ile-Thr-Pro-Asp-Ile-Thr-Ser-Lys-Asp-Cys-Pro-Asn-
Toxin B H-Ile:Arg:Cys:Phe:Ile:Thr:-Pro-Asp-Ile-Thr-Ser-Lys-Asp-Cys-Pro-Asn-
Toxin C H-Ile-Arg-Cys-Phe-Ile:Thr+Pro-Asp-Ile-Thr-Ser-Lys-Asp-Cys-Pro-Asn-
Toxin D H-:Ile-Arg-Cys-Phe-Ile-Thr-Pro-Asp-Ile-Thr-Ser-Lys-Asp-Cys-Pro-Asn-

20 30
Gly-His-Val-Cys:Tyr-Thr-Lys:Thr-Trp-Cys-Asp-Gly-Phe-Cys-Ser-Ile-Arg-Gly-Lys-
Gly-His-Val:-Cys:Tyr-Thr-Lys:Thr-Trp-Cys-Asp-Gly-Phe:Cys-Ser-Ser-Arg-Gly-Lys-
Gly-His-Val-Cys-Tyr-Thr-Lys-Thr:Trp:Cys-Asp-Ala-Phe-Cys-Ser-Ile-Arg-Cly-Lys-
Gly-His-Val-Cys-Tyr-Thr-Lys:Thr-Trp-Cys-Asp-Gly-Phe-Cys-Arg-Ile-Arg-Gly-Glu"

40 50
Arg-Val-Asp-Leu-Gly-Cys-Ala-Ala-Thr-Cys:Pro-Thr-Val-Arg-Thr-Gly-Val-Asp-Ile-
Arg-Val-Asp-Leu+Cly-Cys-Ala-Ala-Thr-Cys-Pro-Thr-Val-Arg-Thr-Gly-Val-Asp-lle-
Arg-Val.Asp-Leu-Gly-Cys-Ala-Ala:Thr-Cys-Pro-Thr-Val-Lys-Thr-Gly-Val-Asp-ile-
Arg-Val-Asp-Leu-Gly-Cys-Ala-Ala-Thr-Cys-Pro-Thr-Val~Ez§-Thr-Gly-Val-Asp-Ile-

60 70
Gln-Cys-Cys-Ser-Thr-Asp-Asp-Cys-Asp-Pro-Phe-Pro-Thr-Arg-Lys-Arg-Pro-OH
Gln-Cys-Cys-Ser-Thr-Asp-Asp-Cys-Asp-Pro-Phe-Pro-Thr-Arg-Lys-Arg-Pro-OH
Gln-Cys-Cys-Ser-Thr-Asp-Asp-Cys-Asp-Pro-Phe-Pro-Thr-Arg-Lys-Arg-Pro-OH
Gln-Cys-Cys-Ser-Thr-Asp-Asp-Cys-Asp-Pro-Phe-Pro-Thr-Arg-Lys-Arg-Pro-OH

Fig.15. Amino acid sequence of Naja naja type II neurotoxins.
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Fig. 151 Toxin A% L OEZHSH 5 5T U7z Toxin B, C, DO—REE 2R L T2,
2 H3ER 5 HI2 L 72 Toxin DIZHEBEFREO—IHMOBEREITER LTI, T45D5,
Toxin DO—KER % Toxin A, B, C2i3U®, fioa 75§ 1EmREs /¥
BOT ¢ BESIRRET S E, 35007 3 BEEE TN b LB LT Y
FBOY D UEETH ADICL, Toxin DD 85ALIERM:T T VBRO v T~
MR TH o170 COY S UVEEND FVE L VALV IBROERT 573/
BRERE OB, ZOMREE ORBCKE(FESL TN B EEA LN,

AL 2 75RO BT N2MEE 4 L/ 0 EDS b, REMEEROT <
) BEEOEEL, BET VARV TOEEERTHETE 2568055 0, F&0H
LT LT v R a7 5o 1 BMgEs vy E (Fig, 1BICD0VTEAL HL,
Toxin A, B, C, D CALNS, AVaf >k v, TAF= 2D,
VUSRI UBE, 7= 0 ) v o DOERIL, flAIE, AUUAGU,
AAA-GAA, GOUPGGU, AGAPAAATTRTHBETEZL L5, F L OH
RS 4 Lo B, MR 2 LNV EOEER S TH S 1 DOBEFHE S D
JABIZ X b point mutation &35 UTRERA U alRelEdsZ A 511 %,

HEEE 2 LS VBRDTHICAF A = U EE RS 10V EDD, 7 3 BREBIO
WEWTIE, & ooy EREEDN) T rvrE Y T THEL, ARLIIRT
F F e EFEEESAEE P R — /S —rav 75 74 —2flAETRRL
TELNDHRTF KOS ZPTNBHFESAOLNT &I, UL, COFETIHE
BB TF KOENE, BTy TREOKI VS ODDNESERD THEORRY D 572,
F7, 4 oo SREBFEI L ) EBEME TR, ZnENOBR O b DREE L3R
IS 12RTF FEESOYRISE BT EMBBNL LR EN L, FEF OIS URA
RWET B9, BERICE AWM 2E < U, R 7F KOS IC Sephadex
BB SOVIGEIE R L, <7 F K OENE 2 AIEC ERS €T LB LI,
7 DR, BT 2EE £ X E OR 2 NBICVRITE 12,



£ B O I8

EZEBME 1 4 o Fa2 75 (Naja naja) ML, 1 FOHaffkine Institute,
B L7 2 ) B D Serpentarium Laboratories 225, B 32735 (Naja naja
atra)fi7EI2 Sigma tEd HEEA L2,

FIEEIEONE : v v R (ddR, Mk, AE 16~187) 50Tk 1 E L, SE0
BT 2 178240 0.2n 3 DR FHEST Uy 24 RFRLIAIC Z DYEFDSFET 3 D34
Bl %1Dg, & LT,

BILAHNWVEF Lt F L (RCM){[:%: Crestfield DAEZ—PEL TERBLI,.
HElE sMIERE Y 7 = U L 2aTe 0.1 M b RIGEAEER (pHS8.6 )T, 1%Gw/ v)
4 R OBISIREIL DX IWTHER LI, DEIT, COBKRD ImiZh 1006 D f —
ANWHTETE - VEIA, RIGRBPOEKPERZN ATHICBERUIZE, B
LT, 87°C, ABEULHBLIL, COBERKIKE, 23— FEfE22 /X778 1M
Wb 5MGOE|S TIA, FEHKD pH% 1M NaOH T pH 8.6 ICHHEI L 72h3 5 {2
35 512, RInR52T IR B2, 51T 30 9B 2> 01, 1 %ER CFeL
U7z Sephadex G—25(2.5X 50em) DH T L THVIERL THEL , 280nm Tl
I % RSy 2SR U 120 RUGHSERE LTV 2008 5 3 ki0— 27k
%, 7IBOMUTYRF LD OFRERET B HEHE 5 12,

72 WA R AL mMY .~ At 6 M HCI(0.5m0) i E L, WIE
TiestE®k, 105°C, 24 REEIVKARR L 12, /KBBIERZHIE FICkREL . BRE»
PH 2. 2DEEHIHED L 7 2 7 @izt (HIL, KLA—3BHE )X b4 L1z,

MU TR O ¢ R AT ARSI 12482 AL TR 200 om
5 320111110)1’\& l\}l/%fﬁl]ib MY RT 5 ./ﬁﬁﬁ@;v\ﬁ I\)lx?}gzrﬁ“mgﬁ
& D EHRNCEE 2R LI, 6 T, T—1 gy t%ﬁ% (CAFNVTEINRUR
FUFER(1¢)%72 b  (90m), BERE (10me ) \TAMR) 2RENA /{&OD—EK
BT LI AEICER U, REOEHIT DR L 12,

PUTLUBEOEE Y T wﬁﬂ:-Worchingion@%@TPCKmﬁ by P
/R‘OJZU\;\‘-—‘E BT 3EFHERER) 2R U ?i&*zl%o oM ERET E
-'7A (pHB.0 ) I 1% (w/V) K55k SR, @%%EE%%@{@

L/S0RA, 37°C, BNSHIML UTc, WHEHET: 12 51T 0.2 ZRFR T AL LY.

SephadexG—1 5 F 72! iScphadexG 2 5 iC@EL, HE226nm, 280nm Kﬂ&



N %2789 & Hi5y %2 AR L 12, ,

RYFHZIT ERF 4 AT S AVEKKE ¢ Will jams B ORI 720 pH2.3
BX O pHAOAF VRV, FVEE 15%, 755 14840 3mA, 30 0%ER, R
ELOSBER 7 VT A » T H bmARE A T 2RMk@EI U 72, kT 20~6048 2{f
AL, 7R RTT 92 10BTE /2 RE BTV, 105EEEIC L D Ui,

B RALESIKE ¢ Toyo No 5 1 K 2HA L 72, IBEEL LTEY OV 1 EBFER 1 K=
1:10:289(/v/v )26 pH3.6, 2B\, 30—50v. /cmn®DEET, 1KH» 5
2. 5ESREIKEN L 72, HEED 5 DR FF FOFEUL 2 ADH A KR (M som) & b,
SRV (2% e R =T b UBIR) BBEL, XTF FONER
ML, CnEBZCRIEE b <TF KORIET 2B R HIY , 54E) Uv s
B 1 BEERTEEHE, -4 ) —ZANFL — & X D RERE LT,

TR —/—2a < b5 74— Toyo No. 51t 2T FECOBE [, I,
IC, SRT14EE»S 405HEE LI, <77 FOMEIE= e FY VI
HiER U 12,

z"étéﬁl 1—F4 /7 -V EEE €Yy 1 k=15:8:10:12(v/v/v/v)
AT 1—7 %7 - Bl /k=4:1:5(v/v/v)
AT 1-74 7 - g Kk=8:1:1(v/ v/ v)

NE#IH (= F~ R EHE £1 R OMILL 72308 (0.5~2078) 2V T,
Fdman OERICHE S GBIk b, 72, PTH-7 3/ BOERIZ 26 9nm D
NI 2R T B HERGE 5120 PTH—7 3/ BBOREICIE, Merckft D Kies—
elgel Fosy 7L — M %MV, Jeppsson f@féﬁw BIOWBHEVTERRLI, 356
WABITGE T, Carle Place 4t ')‘77 Y7 & F sheet iITXD, bzt g
—RUA L HER=60:80:35(/v/v ) DWW 1 L2 250m¢D (2—(4 —TF
BT amA ) =1, 3, A—FFLET T N) AR RO TR . B
TEBEENGS v Titd T B LI, KB HEIINZ P TH-7 V¥ =
3R, BE2T0% 14 — v (0lm) it Hh L, ZO—HEMRITDT, Saka—
guchiﬁm@aﬁaﬁqcx STCREEL, PTH—u ALY v BIXXPTH-1 U RA Y
v ORFNE, BHKAITIER CM — Toxin DEEMEICE s TELNE R TF FOT 3
B OBRICE 5 72, REFEICHI 3P TH—7 3/ BOEINERI, © K53
Kﬁwt&f?F@%wﬁﬁﬁ?%%&%@PTH—?E/@@%Wﬁ@ﬁﬁ%?ﬂ



E U, COMED 16%RIKICL 2 LB v~ 29 A b CREESERE ! bH L
FTO 72 BEFIIBGET X% 2o 12,

CRBAH 1 B KD UL SIBER Goot 2] & OFEICHE o720 Ei2, HAAF LT
FH-YARXIOIB (DFPUE) ZAVAHEMHA L, T4bb, 0.2M &R
7 E=vs (pH8O) (0.2m¢ ) IR (0.1 ~0.54mole ) 2RI, KK+
URTIFE-EA, BEZNFNEEERED 1/08%MA, 37°C LT, ML
pAtA%%. 0, 0.5, 1, 3, 6, 12, 24 KIBRITHMIRDO—R2ID , HEE7 2 B2
7 i B ETIRE b EE L 12, ,

BNV ARF R TFE — 4 (Penicillivm janthinellum OEFEFIK X b)ﬁ%g—j )it
R AD—BEGhEE L vt 5I Nz 8D 2HWZ, RCM - Toxin B(2m¢) % 0.2
MEEER 7 ) v AREETR (pHG.0 ) WAL, BBYE A VA F L RTF4 ¥ »HEER
D2 1/50 BMA, 37°CTHILL T2, MILIRD—ER ZREGHNCRELL, 7 & BRSy
Fratic & Dl 7 2/ BR2EE L1,

74 H=-TFYr L Ingram @ﬁécg b, TIEHRBEED ( 17¢) % Toyo
No. 51(50%X60cm) DIEAKD 1 pHiC21F, pHB.6 DIFLESR T T HMEESKE) (35
v/ems 205 ) 2fTW, DT, BERYKE) LERT DL [ 2RO T L
T A0BSHIER L 12, MAEED<TF FOMBOREIZ= v FY VR X 1,

EEAEXIKE ¢ Vesterberg 5@7‘5?‘%5@@&07‘:0 Carrier ampholyte ( LKB#h)
pH3—10 %8 1 % CfH L1, Carrier ampholyte 228D 3/4 51> 50%+ =
BEEOBBKE, VABAUKARZELEINESDLET, #54 (12X50em) N
T 24BOK b, B &AM T AT VB, Bl EEM T ARSI FL U7
CRENFN0.05mRINLIZ, 2°C, 400V ( 2mA ) T 2HMukE, 750V (15
mA ) ITET, 351 12K ENKE 3|7,



& o & Toxin BOEXHEE

FETHL I LIZCEL , ~NEEP OB ONIMRE# v/ o HIT, Blis ¥
PET. 1ATYD | R 4 L 0BT 8 B, [T 10REDE L R V5
SR A 7, FTHTIITS — SEERIRL T3, 212, Cobrotoxin; d—Bun—
garomxif, Toxin Bit, ZNHDCD—RXZ bvhb, FFNITE —HEEF
ETHCEMNRNRBINTNI, '

s A C RS L BOSFROS - SEEE BREE, 356188 - SRE
Bk & OB R 3BT, Toxin BATH® 540 S — SEFOME, ©&
PL—F —5 7 U HRIEIC L b BIHE 2 RE LIS %72, Toxin BROFOU L
YT BRI EEED T ) BEROFEERERSCENTAGEL, REIT
R BEEEHEOR R & KRR L, DIFO#RZH 60U,

(1)Toxin B FHOD 58D S — SHBEIX, #NFhd3—20, 14-41, 26-30
45—56, 5T —62BHDEL RF VEHC L L, THERINT %,

(2) Toxin BAY FOBIIEEIZ S v 4 43 4V & WFFT FBED 5L 5T %o

BV FM S — S{HERE S, 58D S —SZEED S 5, 34145 Gauche — Gauche
¥, b 250b5Gauche — Trans B2 & Tl %,

(4)Toxin BRADF 0 & VEEFOKBEL . 2 THOMOEE L5 KSRGS LR
HETHEL TV %,

(5) Toxin BFID k) 7+ 7 7 VESIIKERATREBH UIORETHFEL TS L
Ea5N%, |

# 18 Toxin BDS — SEMEBME
Iﬂmgﬁyyﬂﬁgﬁ4ﬁ®s—8%ﬁ%éggmﬂb,H@@ﬂmmBu5ﬁ
DS—-SEER S b, EERETTUTHAEI TS L2 BOEEE, FURMSHEEKT S
(38 &b, BHEORBICIES - SEFOREWISEAS NI, £TTET
S — SEREDAIE Zikaf LT,
—RIT S —SBEDOMEBERHE T BT, S—STHMRGDET 5L VFFTT
S—SEEREl XTF FENET 2 EBBETH %, 2L T, REBAEBEOREIT



WIS U RAF UBREREET AN TIF RSB TA120, S—-SKHNIGEHEE T35
N-—IFA2LA I R(1mM)DFELEFCToxin B2 MY T2, FERMY S,
RIIREDE I BHYREZE 2O THEL 7245, £ S — SLEHE OHIE DHRE

CIAEL Y AF VERESH RTF FRIB O 12, £ T, S—-STHBRRISORE

THIT VEBRHERA T THEERREF L, KR DL Aspergillus niger DR
WKL DBRINTBYE Sor 7 —CARBOTRR LT,

Absorbance

¢ X-14

(o] 30 100 150
Tube No.

Fig.16. Sephadex columm chromatography of acid protease A digest of
Toxin B. The digest of Toxin B was applied on a Sephadex G-25 column
(2.2x240cm) and eluted with 0.1 M formic acid. Practions of 5.0ml
were collected and monitored at 226 nm (—) and 280 nm ( -=-~ ).

BN, ) % 0.1M FERCPHk L7z Sephadex G—2 5 (2.2X240¢m)

THNVEBL, ERUIZERTF R 2ik&E 226nm, 280nm TE=%—L, 5
P—-1~V%EIr (Fig. 6 ESP- LIIZRKEMITH 72, P—1 LSNDESL,
I LR EERGEESHKE (50v6m 2.5ME, pHS.6)iC &, THHE, BREEZITLV,
=ruLie Faﬁ&c% LT 2RI THEDOLRF EFTF K281z, Table9
RENSGDT T BHRZER UL, BEPOAEDORTSFRFP-I-2, P-N—1, P—
V-1, P-V-2@3S3FRIZIEOY AF VEEEZL I EPS, TND 2@ FHRR
U CHERERSONED (400 4n, 2R, pH3.6) 23K, ZNEADRTF K
PR RAFA UBEENTFRELTHEL T,



Table.9. Amino acid composition of disulfide peptides and their oxidized components (A) from Toxin B

P--2 P-1V-1 p-v-1* p-v-2

Amino acid  P-X-1 P-I-2 P-I-3 y 1) a1 A2 Toral A-1 A-2 Total A-1* Total A-1 A-2
Cysteic acid 1.00 1.00 1.00 1.00 2.00 1.00 1.00
Aspartic acid 2.82 3.60 3.78° 1.20 1.12 1.00 0.88 1.00 1.13
Threonine 2.77 3.65 3.40 1.77 1.87
Serine 1.00 1.00 1.20 1.77 1.92
Glutamic acid 0.80 0.94 1.00
Proline 0.97 2.00 2.02 1.00 1.07 0.93 1.10
Glycine 0.82 1.01 1.09 1.90 1.10 1.31 1.00 1.09 1.04 1.2 1.00 1.30
Alanine 1.56 1.56 1.83 2.18 1.87 1.86
Half-cystine 3.01 3.17 4.30 1.95 1.74 1.66 1.77
Valine 1.51 1.40 1.80 0.98 0.96
Methionige
Isoleucine 0.75 0.76 1.00 1.00
Leucine 0.70 0.88 0.79 0.77
Tyrosine 0.77 0.80 0.87 0.85
Phenylalanine 0.72 1.02 0.95 1.13 0.95
Lysine 0.82 1.00
Histidine 0.70 0.70 1.00 0.68
Arginine 0.66 0.62 1.03 1.24 0.87 1.10 0.95
The value of the amino acid underlined was taken as 1.0.
% Tryptophan was detected by Ehrich reaction.

Table 10. Amino Acid Composition of Thermolytic Peptides of

Fraction P-II and Oxidized Components (A) from P-I11-T-3

Aminc acid P-II-T-1 P-1I-T-2 P-1I-T-3

Total A-1 A-2

“GQysteic acid 1.00 1.00

Aspartic acid 2.70 1.85

Threonine 1.19 1.01 0.81 1.21

Serine 0.95 1.00

Glutamic acid 1.00 1.22

Proline 1.08 1.07 1.31

Glycine

Alanine

Half-cystine 1.87 2,20 1.88

Valine

Methionine

Isoleucine 0.78 0.91

Leucine

Tyrosine

Phenylalanine 1.00

Lysine

Histidine

Arginine

The value of the amino acid underlined was taken as 1.0.



BonizTFFO7 T BRI Table 9 HOZNENDRTF KDA—1,
A—2 DH SAITRUIZ, TO6D 7 & /B & Toxin BOT 3 BES|2EZ &
b¥, 8HDS -SEBEIINKKELHB—-20, 14—41, 26—-30LITHB¥ L F
VEFEMHBOBTERIN TR EBE LM E T 72 (Fig.17),

45 56
P-11-1 Cys-Pro-Thr'Val-Arg-Thr-Gly-Val-Asp-Ile-Gln'C¥s-
[ -
57 62
Cys*Ser-Thr-Asp-Asp:Cys-
i 1
45
P-11-2 Ala'Ala-Thr-C{s-Pro-Tht-Val‘Arg'Thr-Gly'Val-Asp-
56 57 62
Ile+Gln-Cys-Cys-Ser-Thr.Asp-Asp-Cys:Asp-Pro.
i 1 1
45
P-II-3 Ala-Ala-Thr-Cys'Pro-Thr-Val:-Arg:Thr:Gly-Val-Asp-
Y .
56 57 62
Ile-Gln-Cys-Cys-Ser-Thr-Asp:Asp-Cys-Asp:Pro+Phe«
1 1 1
14
P-111-2 Cys-Pro-Asn-Gly-His.
Leu:Gly-Cys-Ala-Ala-
41
14
P-IV-1 (Asp) -Cys*Pro- (Asn)

Leu-Gly-Cys-+Ala*Ala-
41

26 30
P-v-1 Tyr-Thr-Lys:Thr«Trp+Cys-Asp+Gly-Phe.Cye-Ser-Ser-Arg
[ |
3
P-v-2 (Ile)'Arg-Cys:Phe- (Ile)-
1

20
Gly-His-Val~C§s-Tyr-

Fig.l7, Structures of the peptides obtained from acid
protease digest of Toxin B,

2MDS—SEBEZE OXTSFKP-1-1, P-1-28L0P-1—-83, BB 7
7 —HFAR LB TE6 ML BTN DD TF FESOYMOEC STRETX
512, LT, XTYFRP-1-1, P-[-2% 1mMODN —LF V<L A I FD
FIERTY -4 2 THEL, MY 2 aEREESKE) (40v.om 2,
PH 3.6 )T 724/ER, 56AIE 5T ORI FF FEEAHIIKASRS NIz EE A
BNBIEDLYRAF LEHBXTF K (P-1-T-1, P—1-T-2, P—1-T-3) 434
Baniz, 20E, P-I1-T-1, P-I1-T-20 5 ZNZN 1EOXTF FO
&5, P=I1-T-8305i2 2D TF F35BEI N7 (Table 10FRDA-1, A-2),
BoNIXTF FOT7 2/ BHERD» 5, BARPGED 2HDOEEIL, Fig.181T/RT
T, ABPIEB6AL, BTALE 62HAIDY L RF VERIC I WERINTVLBR L E
DH S EL 5T



D EOEED S, Toxin B
D 8 —SE BRI Fig. 190
X9 GCH&ﬁZT X 120 C @;E% P-I1-T-1 Cgs-Ser-Tht-Asp-Asp'gis-Asp-Pro-Phe'

57
KX, TTIELS»IZIN P-1I-T-2 gger.mr-Asp.Asp.gis.
TW5 1 BmREs 08 oo ctney e pro ey -
57 . . .
D Cobrotoxin % Erabuto— +Ile*Gln gzs
le@ﬁﬁtﬂ:@i‘?‘% & ;'18-18- 1?t;’[uctures of the thermolytic peptides of
* ration P-1I,

Toxin BTit 26 —30 filff T
kI Nt 13 D S—S4EfE
BRETCELE LT AL, fO4HIIRIUERTH AT EBHI 515,

Fig.19. Amino acid sequence of Toxin B showing
the positions of the disulfides bridges,

B2 Toxin BOS < AXRYZ b

V= =5 < LoXnthikid & o X VBOBRBERHEE T BN EFRDO—DT
bHb, TTI 1 BRES /s BDLS5 77 IAE (Laticauda semifasciata )
225 O Erabutoxin ® 75 § AL (Lapemis hardwickii) D#i#¥eE OB XSRS DS
S RRs FITE WAEIN TV, Uh L, 1ESEES /80 BIZDOVLTO
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ORI Th 57T EBy #—€5 12 TToxin BEMHLL, S—-SHEL
BET B DILER RTF FOSEERRATL, UL, BIETHXTF FIIRH
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—1P—-1-2%3 6% —E T4 L oWLUIRER, Crs —CysiEadsiksa#an
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ER—Tdh o1 FT2, | BRE L1k 26 & 30D L R F VKR D S — S
BEDS 1 BREHCEAE LTV BT ESHA 5 hE 12 » 7205, T OREDEFHIT | B
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Y7 n5 7 —¥ick M Aspergillus niger var macrosporus X b g8l
3m:%7°ﬂ%7;—wx(%?é§%%)%ﬁﬁw:o ToxinB 24 Mg % I M¥H :
IMEEE—2 : 1 ( v/ /v ) ( pH20 ) SmTIARIE, AR (HE: BHE—
20:1s w/w)ZNAT, 40°C, 24 FEEIEL 72, % 0.1 MXBET
S U 72 Sephadex G— 25 ( 2X24 0em) THE LT,

Y-EI54 L DM RIFRP-1-1, P-1-2%0.2M NH4 HCO3
(pHT.8 )it N—ethylmaleimide ( 1mM) 2 INA 72/ (0.5m¢) T &L, ¥ —
544 (FE BE=20:1("/w), Worthingtontt ) 24, 37°CT48
FSRISAE U e, A ST 1 T FHRER /S — 7 8% b 75 7 ¢ —iT kb
B0MHEAIL, = bo Sy FREIRI D VRAF UEERTF FR2RE L, FIHAKC

it > THEMEL DRI U 72,

VRAFUBHERTF FOKRH :
W FRERPH O, TEOREa 2 X—/S— 0w b7 I ATBEL, BEE,

Hp PBELIL, FEBICREBLIIIDRVAF U EHRTFRELI,
bV RFRYTA(LEZ) 22 MIREE ( Bme)iTED L, TR

DAFUEFRTF ROKBITiiy 7= F=bho S

HfEa)
&7 = (95me) &, 28% 7 & =7 K (10me) ZIMATH, M@
UTHRBEU 12

AFED) MNCN(27) 2K (5m)IKEMHL, %27 —VE2MATI00m & LIz,
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# 8 & Toxin B & BFLME Y & ORBY:

s R b D & o 0B R L HEE & ORBIE R A D OB TFR &L T,
B2 OB 2R CTRED 7 3 BEE 2B L, BRI TEE 2R T 3
FEB—RICHN SN T3,

FEFEE, Toxin BRO MU T b 7 5 VB, FoU U BE, Wty 2/ s Lo
VR F VI EDEREE B U, TN B 205 ORI OFIERE
O BSUEM 20 5 OMCHURHE IR TRBITO DTN, 200 OER % | Bligs
EHE LTz, £72, Toxin BAFHDTNTOS —SESPETLIOL, Bkl
BZHECL 5Ty S-SR LBOLEN EDBEITOWT KRE LT, S 5iT,
Toxin BD CRImHEE & BEEEM: & DEME 2 3728, penicillium janthine—
Hum DEATZHAVRF L RTFE - 2H/OT, CAEABE PN URELE
fifi Toxin 28 L, ZOFEHHER & OBRIT OO THRE Lz, OXiz, Toxin BAS
b T I BRESRT T A O IRESEEME 2K T 5 T EBRE XN D,
MU T Tk IR RERAL & BOEEN: & ORI ST RE L, UFO#EA%
ST Uiz,

(1)Toxin B} FHCHEET S LED b ) 7 7 » UEERE 2 3SEEORL 25T
fetfs L72ds, (585 Toxin BIZT~T b & OBTEERED 50%LLE 2R LI C & bob |
MY TR Ty VB ECEESRBICSAD T L BEE TNV EEL BN,
12, fUERHOR S Ronid 512,

(2) Toxin B FHDF 0 O LEED Y ./ —VHyKEBE D pKa (2 11.0 CIER I b
PREVEERULY, FhI=baoxs it WEBREHINIZC E 5D, B
UIIRRBICH B EBA b iz, £72, = b oft Toxin BOEGEEME, HUEMEE, & &
D Toxin BOZ1 5 & DRIICIELIZE b b 77
(8) Toxin B FAHDTNTOWEES VR F L VR, )L o AF VT RF T E
DVADIBM SN, BOEEHIEIMEL I, —5, BT 2 RIBRRIERNc L Y,
2EETEMING 7 2 A B ERREICSATH BT ED Dot
(4) Toxin BOD CARI 4 Rk 2RERANCERE L7 Toxin B(1-67) OBFEERL, $
£ D Toxin BOZNDT0% BRL 122 ﬂ
()Y Fr T & % Toxin BOBSLEREDMSE, 84 —3547 (Arg -Gly) fD~<



TF FESOUMNIT I 38 DERE LT,
(6) Toxin BD S —SEEE BT UIRER, S—SHEAOEEL L T, HEEEiER

& & D Toxin BD 75%ic % THIE L1
(NToxin BEZENEDCFF LY RY) =W ( DTE )ICL b, Toxin B4rFH

D 26 — 30 MDD S —S ELSBINANITRIT I N, BEEEHIL $ £ D Toxin BD 15%
FTEFRUT, —J7, Cobrotoxin DS —SEEFIZ, 5528 (= V) DDTEIK

L oTHRBRILINL 5T,

BIH NY T T REDEM
)Ty oA, B, DRSS X SBEOIET L BRED—2T

D, EEZZToxin BRD MY T+ 7 7 VEE R 3EOHETEBAL . BOLHEKES X
BT I3 B T, | R & L% B OO R & HARIRRS L1?
1) MY T 7y VEREOBE

A FUUEBBE: COBHERAT LRI M) T b T 5 VEREDA v K- ViR N
RV EVER L = UEBRICERT AEMETH Do Toxin BOFBBRICTECTE Y
UH R BB, RGBS 1 SEIGKO—E 2R O H L, MICKREEOT 27 B

53 & BBLEEDEE 21775 5 126

Reoctien was performed in
anhydrove formic acid at 8°C

for 1-9 min

Ozone concentration. 2.07ymolssinin

Absorbanca

240 WAVELENGTH 280 320

Fig.21l. Absorption spectra of ozonized-toxin B,



1 5348 DIRSIRGER DI 2 < & kv (240~86 0nm) OZML % Fig . 2UTRUTZ,
FOGDEFTE & 312 290nm TAD MY TR 7 5 G ORI IZB L2 TR L, 5
TR N—=F VI VEFR L = 25 320nm ORI OB ADEE I NI, NGBS
% 84X LIEITIE 820 nm DYRIN DEE ADSA SN d> o, 72 (Fig.21 ), ISR

Toxin BOEFEEM: & 820 nm ITF1F DIEE OEE) & DBER % Fig, 22 IWRUL Tz,
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Fig.22. Relationship between the formation of N'-formyl-
kynurenine and the toxicity of Toxin B as a function of
time of ozonization.

Table 11. Amino acid composition of Toxin B derivatives

Residues/mole of protein

Native Ozonized NCPS chloride~ HNB bromide- Nitrated

Amino acid . . .
¢ toxin B toxin B* treated toxin B treated toxin B toxin B

Cysteic acid - 0.43 - - -

Aspartic acid 9 8.95 8.71 8.80 8.60
Threonine 9 8.83 8.32 8.16 8.36
Serine 4 4.06 3.46 3.66 3.90
Glutamic acid 1 1.14 1.20 1.08 1.21
Proline 6 6.05 5.54 5.91 6.13
Glycine 5 4.78 5.13 5.08 4,52
Alanine 2 2.15 1.90 2.23 2.17
Half-cystine 10 8.83 8.35 8.95 8.55
Valine 4 3.31 3.36 3.48 3.32
Methionine 0 0 0 0 0

Isoleucine 4 3.40 3.81 3.91 3.69
Leucine 1 1.00 ., 1.00 1.00 1.00
Tyrosine 1 1.04 0.86 0.96 trace
Phenylalanine 3 2.78 2.76 2.86 2.82
Lysine 4 3.84 3.52 3.80 3.74
Histidine 1 0.86 0.91 0.78 0.80
Arginine 6 5.36 5.21 5.10 5.90
Tryptophan 1 - - - +

Kynurenine - 0.93 - - -

NCPS-tryptophan - - 1.01%%*% - -

HNB-tryptophan - - - 0.95%*% -

Nitrated tyrosine - - - - 0.90

% Sample was treated with ozone for 8 min.
*x% All values were expressed as molar ratios with a value of 1.0 for leucine as

standard.
%%k Determined spectrophotometrically.
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I %2 BRI U T 8 538D Toxin BOBFEEMEIRX § LD 80% Th » 70, B5NTEE
Toxin BO 7 % 7 BE4MH{E % Table 11 IT/RL 7205, Toxin B 1 EMTH L, F XL
=098 ENOERBELNIZZED»S, PYTRT 7 DF R = NOEHIT
8 TIRIFFTET LI EEA S NI,

B, 2—=bho—4—HVFExL 7 =AU 7 . =bruY) K(NCPS-C1) T X
&4 : Horton B@)‘j&gcﬁtw, M) FPhT 5 BEDA L R —IVKOD BALIT 2 —
= hO— 4 —HNRFTT L2 VERMINT BRIETD %, Toxin B%Z 80% EFfRIT
Y55 L ,NCPS- Cl% Toxin BITX LT 10£5 ( E£ovE ) @BRENTINA, |IRT 10 5H
IS & 81, B NI Toxin BOBFEEHIL & £D Toxin BO46% Z2/RU 1T,
ZO7 L BIFOE R % Table 11 1R U2, B4 Toxin BEONCPS—FY 7
b7 5 3B E 865 nm OB IRESXER LI,

C. 2~tFu*fi—5—=hua~xroi- 708 F(HNB: Br)ick z,{gﬁ?;’:ﬁs
Barman 5 DFEEICHE 5 720 Toxin B% 10 MIRRIAKP 4 BEAMEL 12D b,
HNB-Br 2®/ET2f5, 1065, 505AREMA, RRT, 1REGS BTG
IGDHETT% 410 nm ORI OHEIMT L DBER U ISR, 50 HBRE DR E G
IVIBSIC, Toxin B1EMTKUHNB—F Y 7T M7 5 2 0.9 5 VOERDR S
iz (FBROZSM ) o 185 N 7ziE8h Toxin BOBEGEENIZ § & ©Toxin BD 50%
BRUN, 12, 73 BOHE (Table 11) 25, flid 7 3 7 BEARICTIIZ (LA
SNEH 12,

2) NV Ty SEREE 2B L2 Toxin B DFEHE

STEDE BHEICL D M) T 7 » VERE 245 L7z Toxin BOT 3 7 BRAHH
% Table 11IC/RLTZ, Toxin B1EAMDPLEZNENF XL =2, NCPS —F ) T}
772, HNB—=FU F L7 7 odSIE 1 EVE SN EH 5, L DHET
Toxin BRI b ) 7 17 7 VERIGIHIZEMHS NIt EBA S NI, F VBLIATE
51z Toxin BOBFEEMIL, & & D Toxin B& h RVET L TS, 20—
EULT, Toxin BAAD 5EHED & X5 L D—F2 T Uil 2513, 043FEDL
AT A VEBWBERUIZIZD EEA SN, 12, NOPS -Cl ®HNB-Bric kb b
FTrh 797 FMMEUTESNT: Toxin BOEFEFEHIIZ S & D Toxin BOZH
T 46%, B0%ICE TETF LIS, ZDRRIZHOPICTE 510 —f, T
5 8 DB Toxin BOFREEZ 4 24 1 :—e"fio’ct Ufi%ﬂ:%wg?u - THREt
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Fig.23. Comparison of the precipitin curves of Toxin B and chemically
modified derivatives with anti-Toxin B antibody,

Fig.24. Immunodiffusion in agar gel.
Central well : Anti-Toxin B antibody.
Surrounding well : (1) Toxin B, (2)
Ozonized Toxin B, (3) HNB-Toxin B,
(4) NCPS-Toxin B.



28 F oY UERIEDEH

Toxin B&» FrICIZ 21 ALK 0 & VEREMH D, M) T 7 7 VERE LRI, #
KB4 LS VBORDIIERT 2 BB TH D, 2L T, LOBREDOHFEREL
X OB ORI RS & DR 2B DI, ETF OO VRED Y o 2 — Vi
IKERFED pKa #HFE LTI, $72, 7 b =2bvx4 2 (TNM)iCLDFr O RE
D= e lbRITS S |
1) 727 —wHEKBEED pKa OHEIFE :

Toxin BFROD F 1 & UEED/KEEED pKald, Toxin BIAKD pH%Z 7.50>5 18 &
CIERE A, T 245, 295 nm i1} 3L OZME THIE L1z,
TEEH#E % Fig. 25 1R L1z,
Z DFEER, pKa 1359 11.0

T, BHEOF 0 O RE

O fEL b POEEE 2 e
RUT, ML KSERA A Vs
R LS TP & e e
RERECHETSFE 3 | S ///

O LR HD7KEEE 0 pKa .0°3 Y/

13— 11.5 L EOIE ! y;

RRTC ED 5, T refe

EUTHELTO B & 7

EZALNILH 515, —';—“‘Ee#{( ) 10 " i FEEE
2)7ho=tbmasy Fig.25. Spectrophotometric titration of

the single tyrosine group in Toxin B

(TNﬁ%Ki5@%:
0.1M Y SR ( pH
80 ) FAT Toxin B%
BEO TNMERIGS |, Fuo L Eis28 —= to—F oo VERICBA LIS 8
5z = buft Toxin BOT &/ BAWE% Table 11ITRL T2, TOBMHICLD 1
EADFES ATIBIT1IENDS —= bu—Fu o RERIN, Tz, o7 T/
BRI MR S NIgh 517, CD= b 2ft Toxin BOBFLEMIL, LD

Toxin BOZ DI 80 %2R LTz, £12, 47 4 u= -k IPERKREIGICE
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Fig.26. Immunodiffusion in agar gel.
Central well : Anti-Toxin B antibody.
Surrounding well : (1) Toxin B, (2)
Tyr-21 nitrated Toxin B.
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Fig.27. Quantitative precipitin reactions
of Toxin B and its nitrated derivative
with anti-Toxin B antibody

PEOr &, Toxin BOEFEEM , FIUEMIZITNMIZ L 2= bufhic k , TRRE »
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EI3H  ZoMOT I BEEOBNH

RIS CREGIT LIc MY T 75 VB, Fu o BREODIE), Toxin B EHE
DF ) EOHNFEF LR L DRIELFACTES Uiz, 72, S—SHEEES
— XA T E s - VTRTUIR, ARG T CEBEIE, S - SEFORA
LBBEER: & OBRICDVTIENTL, —f, 18, [1EIMEE 4 /S BHEDO—K
Bl EOZFEUVOHIBO—20 CRILNDEEBICH 5T £ 55, Toxin BOCKH
BOEE 2RI VR $ L R TF & — ¥ THEBREL , BOEEHEICRIZ I HEITO0T
B LTz, S 51T, Toxin BAS b Y 7 Ui k BIEEAMRT T4 b ICBEEE M 2
RUINLT E0S, BELEHRRIOHELSEN 2RI 512D, M) To oeigics 3
Toxin B&YFOHSEZLIT DT L7
1)#Wﬁ#bwﬁtnmmBﬁ?*@ﬁ%ﬁwﬁ#&w%%&mMM®ﬁ%C
eV, BMZ 7 =2 VIHBROIFIE T 8L OELETF T, 0.2M 1-TF1—3 - (8-
CAFIT I Ta N ) AR A TN GBI T ) v AF T AT
RGBT, B Toxin BOT 2 BHRZ B4R (Table 12) , MRETT
EB LT YT B Toxin 1BV L 12TV ELL D, § EDToxin BHYFh
ICRAET 5 5FA TN, TEREDOHBRENRD 5 N1,

Table 12. Amino acid composition of carboxy and amino groups - modified Toxin B

Carboxy group - modified Toxin B Amino group - modified Toxin B

Amino acid Toxin B -
: - 5M Guanidine.HC1 + 5M Guanidine-.HC1 TNBS x 1.2 TNBS x 2.2

Aspartic acid 8.95 (9) 8.45 8.95 8.56 8.48
Threonine 8.74 (9) 8.20 8.42 8.32 8.23
Serine 3.75 (4) 3.14 3.70 3.05 3.21
Glutamic acid 1.30 (1) 1.15 1.30 1.05 1.23
Proline 5.78 (6) 5.67 5.95 5.13 5.61
Glycine 4.70 (5) 11.71 11.80 4.72 4.84
Alanine 1.90 (2) 1.85 2.10 2.18 2.31
Half-cystine 8.24 (10) 7.97 8.75 8.74 8.89
Valine 3.70 (4) 3.38 3.68 3.41 3.33
Methionine - (0) - - - -
Isoleucine 4.20 (4) 3.85 4.20 3.68 3.78
Leucine . 1.00 (1) 1.00 1.00 1.00 1.00
Tyrosine - 1.16 (1) 0.93 0.93 0.81 0.71
Phenylalanine 2,70 (3) 2.66 2.96 2.83 2.79
Lysine 4.30 (4) 3.83 3.46 2,92 1.83
Histidine 0.79 (1) 0.79 0.85 0.78 0.80
Arginine 5.62 (6) 5.26 5.68 4.94 4,81

The value of leucine underlined was taken as 1.0.
The numbers in parentheses represent the nearest integers.
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Toxin BICIZHHED VR 2 VEMNTHEEGLEL TV 25, OBt b, ZHH
OEHEDERTHIIPD 5T, TRTOHERME VK F S VESBHINIIEDEEAD
N1z, Thbd OBl Toxin Bid & b ICBEEEMERHE L THHS, HUREER $ LD
Toxin B& H~ZLII RO NI D, T2,

2) 7 3% Toxin BATHREETZ2EH Y I / EIovtry 4 UFS
v7F7—-F(FITC) TEBAL, T0DL, HHE7 3/ HEITHU AR5 (E0k)
BHROF I TORMA , SRT 2B/, M7 3/ E 2 LI FTO
—Toxin BRI U 72, 856 N 74545 Toxin Bid, BOUEME 2RI h o, 1205, HiE
P IIZB LD RONIT D 5120 DXIT, HHED 7 T /3 ZBBEINBEAFT 5128, 2,
4, 6 —bu:bm&yfyZW7,y@(TNBS?&%mf@%@ﬁaoto
0.1 Mo b)Y 94 (pHS.6 ), TNBS % Toxin BT U EVHTZENEFN
1.2, 22(5BRBMMARIGI Y, £RY%Z DEAE —+lo— Tk b4 LIz,
Fig. 28 it TNBS % 1.2f5 €
WO TG S B TR DR
Oy av b r5 T 4 —DEH S ®g8omy
2 - BR UL, BB
NAEFIFFHD 1 ELVDT
3/ HHMEAF S NIz Toxin BT,
RIIBHINBEST 2 ELVD |
7’ 7 HHEM I NI Toxin B
Th 1o ZNENORETT [ l
18 5 N 72f5#5 Toxin BOT T/ l,) S —
ERHHAR % Table 121T/R L1z,
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Fig.28. Chromatography of amino group-

1.2 (£ E)DTNBS modified Toxin B on DEAE-cellulose. TNBS

(1.2 molar excess) treated Toxin B was
+ = : applied to a column (1.6x22cm) of DEAE-
%ﬁmgﬁf{%fb@ﬁfﬁ Toxin B cellulose equilibrated with 0.005M sodium
. borate buffer, pH8.6. The column was elut-

1) 5

DY U ORERIL, §LOD ed stepwise with 0.05M sodium borate buff-
. . er, pH 6.6 containing 0.5M NaCl. Fractions

Toxin BAS 4 EE T H 2 DITH of 4ml were collected at a flow rate of

50 ml1/hr and the eluate was monitored at

UCHY 1 BB LT 2R U 280 mm. |

. &7, 2.2f5€ VEDTINBS
2RISR A B NI B
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7 3 BsEtic X DER U T, RIGREBAITET %4 v /3B S HEDRD &
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Fig.29. Restration of the lethal toxicity and
disappearance of free-SH groups on oxidation
of reduced Toxin B
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Fig.30. Quantitative precipitin reactions
of reoxidized Toxin B with anti-Toxin B
antibody. x » ; Native toxin B, e-----0 ;
Reduced toxin B, e-----e¢ ; 1 hr-Reoxidized
toxin B, #---+ ; 24 hr-Reoxidized toxin B.
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Ao RRD—EH 2V TIRFEICEEET 57 7 B2AE UIcRER, 2KE%E
iL’MﬁnBi%wmﬂb,09%»®7DU>,L0%W®UDV,21%w®
7OV F = o DWEED A S 1, LI ik LT D 7 2 ROEREI RS N
D oto TEDE, COBEILLBMETOXK ABEIHES NI Toxin B (1-
67) 58 5117z, Toxin B (1-67) OBFE/EHEL & & D Toxin BD 70% /KL
1 ED D, CAIMERE IBOUEMRBICNVAD 7 1V BERATRITVEEALN
72o ¥72, Toxin BHifK & DRIGHET DV T S F/~IHS, FUEBEOLYL b BEI N

f; b>‘9 T‘:O

5) MY Tk BARESRE ¢ Toxin BIZHL1 /1000w w) BON) T %
AL LTz, SESRITRY L O—3 % FiV TBOEHEME 2HlE U1z, Fig:81iTR
T XA, MEBRE®» S 304 TIRBFEAEMEIZIBITET L, 3 K T
W Utc, 20T, R o oitdh, Toxin BFHOEDSTF FREAHITK
SBI NI RFRDBID, 45 FFIRESRL I b Y S 0 2 R ww)
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Sephadex G — 25 TH Vil L 12,

ZOE, void volume A5TIT  Tosichy

FELHSHPBH LIS, & 109

5 AREEAT, TS0 (-,.):‘

1.1:10 2RT b URTF K038

BNtz, TOD MY RFF FOREE 5°";

iz Toxin BO#EH 5 Lys—Arg

—Pro &EA SN, %12, void i

volume ITEH S NIZESFE T T ° L LR (,,,?‘; 12
Fig.31l. Decreased lethal toxicity of limited

/ EBHARR (Table 18) %5 Toxin proteolysis of Toxin B with trypsin. Toxin B
was dissolved in 1ml of 0.2M NH4HCO3, pH 7.8

BONKDIle 55 68010 Arg a0 & oo e Consyme = 1005 & 1
ITO7 3 /@E%b)%/ﬁf%’*"f Ergf Z()”:zlz;c Aliquot was assayed for le-

F R EHBEI NIZ, —)5, BIROD

T &<, Toxin BOCHEE 4 BA HSKE S NI Toxin B (1-67) OBFEEHEES &
DToxin BDIHT TOHTH 728, bY T itk BRESRITE > TR L1

Toxin B(1—68) D7 ¢ /MR %  DERMIZ 1L ALBBEEEZRI L2515

Table 13. Amino acid composition of peptides T-1 and T-2.

Amino acid Toxin B(1-68) . T-1 T-2
CM-cysteine - 4.78 4.16
Aspartic acid 9.20 4,91 4.70
Threonine 8.71 4.73 3.56
Serine 3.82 1.05 2.63
Glutamic acid 1.31 1.20 0.20
Proline 4,78 3.13 1.43
Glycine 4,25 3.03 1.82
Alanine 1.90 2,02 0.21
Half-cystine 8.24 - -
Valine 3.75 2.81 0.76
Isoleucine 4.20 1.06 2,96
Leucine 1.00 1.00 0.11
Tyrosine 1.27 — 1.00
Phenylalanine 2,70 1.03 1.52
Lysine 2.68 1.10 1.41
Histidine 0.79 - 0.60
Arginine 4.63 2.79 1.70

Toxin B (1-68) was obtained by gelfiltration of trypsin
digest of Toxin B.
The value of amino acid underlined was takea as 1.00.



INHDEERPS, b Frick FBRESRTE L NIREKIZ S FHORTFF
o DO—IEHBIMKSRINTO B ENFEINTG, 2T, ERY2RTHVEF
LA FMELTE, 0.2 BEEE CEEMLL 72 Sephadex G—50( 1.6X136miT & b
VAU T FORR, Fig. 821 T & 21 2 DDES (T—1, T—2 &y ) »E
BN, ZNHDT T

A% % Table 131TR U,

T — 1{3 Toxin BO—iE
E»eEA, 34005 68 AL

% T DWW T F FITAEY Eoafio £

L, T— 21N X b33 % %
R TOWH T F K Th é é

olze THHDRERED S, 218

by Fo itk A Toxin B :

DRRTESHR T Z OBFEEE : y -
bg% b < {E‘F? 50)(; ’ 3 3 Fig.32, Chromatography of ll:lbiete:o.hydrolysate
= 8441 (Arg=Gly) H O~ oS0 The hydrolyonce with trypoin for 4onin
TFFREAVIBIIN BT e e e o covum (1.6 % 136 em cquili-
HTHBCEDBELPER e ot loceed ot o flod cate ot Tomime

and the eluate was monitored at 280 nm.
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BAG CFATYRY b—NITL DS - SEEOEIET

—FITH B TFHO S - SHEIEIR, & v/ I BOBREEDHR: CEYEE
PRECEE S L EHEL T B, 12, R—HFROS — SEET b 2 OFERE
PRI, BRI T ARG AR T BB RSN T B, | BIRIZ/SSA 20
ATz, SMEROFETT 1EOS —SEEOAPBTIN, 6 MERY 7 =0
YOFEFTINTOS ~SEESRILIN D, LN bOHEERSFHDOS —SRRE
OEIERIED B BT E 5 EMEINTOAL 272, AO3BTHOEEIC X h Rz
STHRERMBBONDHERE DD, AVHT b s/ —WRFFTY) AR, AVA



FrEg - VT I DI 3 X NVHTE UHREATIE, BEABREEPEITIOBRE
EINTOBDRHL, SFF AL A b~V (DTT) REORMEEEKSF AT Y XY b
—V(DTE) 3BT, TN60OBETHIC L b 2 o XIEHFHDS - SEHE
RHEHAS CETL AN By BIAW, EREHALELD 2EOS —SEES, 7Y
f&y4yteﬁ~®lﬁ®A®S~S%%%EM,97N7§§ﬁ%®ﬁﬁETT
b RFCRITIN B,

ELE, O8RS IEHIELT, HFAIKS - S EEOSRDSEL, SbIC?
ﬂ%@%ﬁﬁﬁ%%%@@hﬁnBﬁi@&ﬁmwnfé%wf,STS%%®DT
E T & 28mE BOLEEDOHBIT DT, HiEEs v/ N HRIIKZENA 6N 208
R LT, |

Toxin B X (X Cobrotoxin% 0.2 M b Y AEE WL ( pHS.6) AR L2, MigE
1EVEHL, ZRNEFNDTE % 1.1, 2.2, 8.8, 44, b.5ENMTKEAD L SITHIA, S~
SEERBILL, ERTASHEOFERIE, £/ 3 - FHRELIE, VR FY
AFNVLRTFAELUTT T BHRTHHECIDEEL
$EE % Table 14 1T/R U2,

. < . Table 14. Reduction of Toxin B and Cobrotoxin
ZEMFIOHFET T, Cobro with dithioerythritol (DTE )

toxinldE L BILINKH» - DTE Toxin B Cobrotoxin
Tz U, Toxin Bid1.1 1.1% 20 % ** 0
EVODTER L ,TS—8 2.2 337 0

. , 3.3 34% 0’
BIED 20 %, $uDL, 5 4.4 38 % 0
FHICELET S 5?{@@84 S 5.5 95 % trace
;J'g%@ ) 280D} lﬁﬁbsﬁﬁg i % The molar ratio of DTE to neurotoxins.

*% The value of SHgroup was determined by the

TlEEBLLNIZ, 61T, amount of carboxymethyl-cysteine in modifi-
. ed neurotoxins.

44EVDDTEIRE 5T

38%, Jsbb, 131X 240D

S— SEBHBBILIN, 55 TN L, THITTRTODS — SEEIBITINIS
DTE% 1.1 8& 55 FEINATHE S NIZET Toxin BOBGLERIL, Z2NZN
LD Toxin BO 15 %BLN25%Th 512, 12, 1D S — SEBEHETLINK
EE A 5% Toxin Bid, i Toxin BHIfK EDGHETEMIZ R 5NZ 9> 5 1245,
SIRD S — STIBHE LI NIz Toxin BidHiK & OGHE 2K L TNz, —77,
Cobrotoxinid 5.5 EAVODTETCHUEL T, S—SEBRILETINT, 72,



BOELEMEIC 3 ZMIZ A 5075 H 512,

DI, 1.1 EVODTEIL h @RI T I NS Toxin BSAFHD 18D S —
SZEEDALE %S I T 5728, Toxin B% 1.1£5E VB O DT E &5 LTHES
ﬂ%i&%®8ﬂg%%@%%/a—F%@%ﬁbfﬁwﬁ#vx;wmbto@g
ﬂk%%%TumB¢®%O®S—S%%%%&K%D5Mﬁ@57:9yﬁﬁﬂt
B—ANWHT TR —VITE DB, BRI xF U Uz, 18 b NIk
R UTUEEULIZDE, M % 0.2 % B CE#TE U 12 Sephadex G—25 (1.5
xw&m)Tﬁ@btd%Q%%,ﬁ9A§%;0é5<ﬂT%méﬂ%@ﬁK1%
DOIEEIEDIRIT 90 ZOBEHINIZ, TOBES D7 &/ BRERIZ, CM—Cys192,
Asp 1:15, Thr 100, Ser 1.74, Gly 1.15, Arg 1.00Tdh b, FI, T—) 4
FUSDBETH 5122 &5, Toxin BOD 24—388 1D TF K Th BT E5D
D olZo TNHDEERDS, 1 EDODT E TERMNITETLI 115 Toxin BAFrho
LD S — SEEIL 2630 N TIRINIZEDTH B EWBHLDEL 12,
ZDS— SEBDETTIT X b BIEEHEDS &£ D Toxin BO 15%F TIERTLUED 5,
TDS— SEBIIFERBUCEE L RE Z2H L QOB EEA S 01,

BB BB QUK

B LEID 58 4 M T TR~ TRMHE SO Toxin BOREMOER» 5851
TIRERE , TTIREI N TS | BU#EFE D Cobro toxin KT 255 ROH#EH 5 |
BOEEEICEAG T 5 7 1 BERETLE UWOHE (Table 15) 55 ESHES H &

8,7
£ 512,
Anino Acid Methods Toxin B (Ivpe 1) Cobrotoxin(Type I )
Residues Lethality|antigenicity Lethality[Antigenicity
Tyrosine TNM(Tetranitromethane) 80% + (Tyr-21) 100% + (Tyr-35)
residue +5M Guanidine-HC1 0% - (Tyr=25.Tvr-35)
ryptophan Ozone 80% + (Trp-25) 07 - (Trp-29)
residue HNB-Br (2-Hydroxy~5-nitrobenzylbromide) 50% + 0% -
NCPS+Cl1(2-Nitro-4-carboxyphenylsulfenyl 46% +
chloride)
Free-carboxyl EDC+Methylglycinate-HCl 0% + 100% +
groups +5M Guanidine-HC1 az N.D.(Clu-21}
[Free—amIno FITC(Fluoresceln Isothlocyanate) 0% + 0z -
groups TNBS(2,4,6-Trinitrobenzene sulfonate)
1:1 80% + 1002 | -+ (Lys-27)
1:2 10% N.D. 0% - (Lys-27.Lys-47)
IReduction of f-Mercaptoethanol T 0% - 3% -
$-5 linkages | Reoxidation 75% + 26 30 902 +
DTE(Dithicerythritol) . 1:1 15% N.D (CysgCys) 1002 +
1:6 2% = 100% +
[Fozyme -
digestion Trypsin (1:1000,E:S) 0% - (-R%giaiy-) 1002 +
Acid carboxypeptidase 70% + (;Rgg—Lys-Arg-gll'o) 100% +

v.D. Not détect

Table 15. Results of chemical modifications in Toxin B and Cobrotoxin.
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BIMTR~IZTEL, Toxin BRAFHDO MY F+7 7 vEEEZF / VEBELT
SBOEEHC KX L BRI LD 512, 72, NCPS - C1®HNB:-Brit kb
VST UEE R T VE WG LIz 88 Toxin Bid § & D Toxin BODIZIF 50 % DX
SEEME R REF L Tz, COBEETO—HEL TR, NCPS - Cl #HNB - Bric
T BBEMOBAIII, P T T s v BEDA U K - VIR K S TBUKESEAIN S
728, b &0 Toxin BTRATORECHEH UTIHEL TOBLEEALND M) T T
7y VEREDSFIRITHE b NIRRT A1) EHEEINIZ, —/5, Cobro—
wnn%bzmem%%@8®lﬂw&%ﬁéify@m@HNBdhm;%bUf
b7y VEREOEREEM T, BOLEI L LOMEEORS I TEFTAL 25,
TEHRBICRIRSEREEZZ 5N TE D, Toxin BOFER SIZEULRL T3,

B2HOF n o VR T HUEFEBMHOKE RS VY 7 7 YO EERKRIC,
| B & 13R85, T, Cobrotoxin IINEK L b 250I& 3501 2[HDF 0 ¥
VEEERLDL, TNMIZEDEMHT AL, S5OF o VEBEDADP = bufbaNb
3, BOEEYE, PUEMEE 3B U, UL, TXTOMERES v/ s8I
SNBICTFET S 250 DF a0 U BT, 6 MRRDOELE FTH = bz 7,
SMIERE S 7 = O U DFEE T TR UHT= bufban, BEEEE:, FiEks & & Ty
%KY Do TOBMOF 0O IRED 7 5/ — MKBIELRBICAL pKa 2R
ZE»L, FFORNMCEBRINIZRED, TRDTFHROBNEFNVEDRPT T/
%KE&%(K%%%bTD%%ﬁﬁiénfw%?Cnmﬂb,ﬂmmB¢®21
MiCHDILBEREDF S DT - 7 —UHZKBER, FR I YO0 pKa [H %2R
LT2d DD, BHR|IOIFGFEFTEBIC= b ofuanits, £72, = bofbToxin Bid
LS, PURKEE $1C, § & D Toxin BOENLEEDL LD L 2L DL, 71
O BRI EOEEN B X OHERBRICAATE VEER Lz, 212, Foo U BE
DKBEDFGLKBRESG L TR LRI AR MR E L ThHERINT (5B
2EEF 261 ) 6

PLED X 51T, Toxin B& Cobrotoxin® bV 7+ 7 » v oF n ¥ VEREDIEE
TR 5 NICTI RS TOBE LUERIE, [ BEHD Toxin BTIE, TN 5 ORK
FHNB T BIeEIC, | BIfEEE D Cobrotoxin IKEFZE LS 1H D S — SZBFE (26
—30 QIR ) BEEL TV B EHEE N7,

72, Toxin BOWEED IV K F v VE BTN TEHT 5 & BOEEMHIHEEL I C

_.52_



EH 5, Cobrotoxin &[AREIC, Toxin BRD MV X F VR 3B EME OFBIGh
ATHBCEDHEDEL 5120 UL, A EF LV OEEREC IS ORI
EHH 5112, Cobrotoxin IZZEMUFIDIFFLE T T Koshland DREEICL T, TH
D 5L 6 DL HVE FLVESBHIN DS, KD 1 EREERIOFEFTIIU
TRt S 11, BOEEHE b MY By COX 51T, Cobrotoxinid, ZHEROHHET
TOHMEHIND | HOMEFE 7 VE 3L VEDSTEE L, COBRESEEFRBICES
LTWAT ENASNT B, LU, Toxin Bitid Cobrotoxin THH5 1L HHE
B 1 VK F DIVENTEL RO EDHS &S LT,

—75, Toxin BOWHEET 2 7 EDIFBEAFTid, Cobrotoxin &HEIUIKRME
5 4, ToxinB1EAE12ELOTNBS TMETHE, YU 180
DEHEIN DY, BOEEME, FUEHREEALERLLEP 5, LML, 22ELD
TNBS CUERT2E, Vor 22 vhEiidn, BOLEER 04X TERT LI
Cobrotoxin DS b,1 TWDTNBS TCIBERED 2THDO Y D e —7 T/ HbS
B S50, BOEEHIREL LSV, LbL, 2EVOTNBSIKE D, 2THOY
O URINA ATRID V) & R EISRRANCEA S 1, BoEEY:, HUREEL & biapk
5, UEOTEL, P KRFOVERT I EOL HUBEHREET S 7 ¢/ BEE
DBEEEURBICEB RS 2HL TS EMBHLPLEL 5125

HEBRTEE % & D 2 /% 2 BOHITIE 7 OREE PR IS DHERFIC CRIFAED 7 3
) BBESEESRE R COALOBEL, A, U UER RNase AT,
OB 73 /B 2BADBRER L b Z OBAEHSRRD 50 %, I 5 2BREZER
FTHE05BICETIER L, CRMMAROEE NSRS SNT S, | HES
@ Toxin Bit | BIHEEICL bR OKMHBEEZE L, Z T T, Toxin BOCKIR
B O BFEENREANORE %3578, penicillium janthinellumDEEE
TR D VR EF L RTF F — ¥ R FOT Toxin BEHLL I, £ DFER,. OFMH
ABE O DIERERES N, D7 2 BOBEHIR SN 512, 8517z Toxin
B ( 1—67) OEFEERE Toxin BO 70 % %7K L HEHEC $ B R 51T
1o THLHDEERD 5, Toxin BOCHKN 4 BEIIEURBFICHATILEVEEALLN
%o Karlsson %%) Naja naja Siamensis Fd 6871 M & /¥ THERDFER
R 2REL T %,

—fRic & L P B DS — SEEIB T OEE ©4 TH TOFEIRIRIC & H &L



INHVBEL 5 TVD, FEIT [ BEHEFED Cobrotoxin & [HIfHHER D Toxin BO
S — SEBORTE DT ERRNTR 57205 TEOETEL R o 10k B
BNiz, T4 b, Toxin BRAEEVODTETEILT AL, 26-300[D A7 A

VD S — SEESEIICERITININ, COXIuHERIZIEZESTDS -8

HAEE hspiizag & >/ B ONFOXRA CEH U TR Y, Bne2d P IVRETHEL
TWBIHEZZ b, X5ICDTE % Toxin BD5.5 f5E CETC LTk ha3TF
ROTRTOS — SEBREEIGEITLINTIZ, —, CobrotoxiniIBRDO DT EIL
o ThETANGL L, 17, UEOkRIR, B [BHEETEZNLORREE
DRIL L, TNBTE BREL TV %,

F77, TIMREDOESIEED LRV, M) Ty THd 2852, T4bb,
Toxin B4y 1L/ 10008(w w) DF € b ) P itk bRREME U T BoEEHEI
BRI 5 1hs, KU T UL T 304 LIPNIBGERIEDSE L CETF L
770 —Ff> CobrotoxinTIZFE MY T, MV Fo M & » TEEEEEDE
TIRELNED 57,



E B D I
U7 b7 EREOFE B .

i) x 7wl Toxin B (2.5umole) ZMKFE (2mi NIERL 8°0 T4
FEEEPODF A X (i, 2.0T4mole/min) ZEA bfﬁm%ﬁm\, 14y
BITHUNRD—B (0.1ml) 2 & b, 7J<(3m)>%bnif:?§i, 240 nmb> 5 360mni’€“®ﬂ&
R 22 kv (Fig. 21) 2HE T 517 CRISOETR ZEH U o S 51 1 20
RS RIOT, BOEREH:, FUslE, 73/ BERRTE~T, TV VBRI D by
b7y EEHED BT AN — AV T VER LI R XL v E LT T L B
TER U1, _

i) 2 ———}\0-4 —HVEEFLT _;vx}v7;_1v7u74 kF(NCPS-Cl)
Tk Z>fé<ﬁﬂa ToxmB(zumole)%:sO/@‘ﬁ@(zme) BEL, cmm@ﬁJg@
NCPS -0l (20,um01e) EEHR (1nd) IISIRL 108 AR R L, %sz 10 ST
IV TR, 12125 commm@f%ﬂ:bt SephadexG 25(25><30m)
BFNTHIRE  BESHR LI, NOP S— Trp DFER L 365 umiTist) 553 TGRS
4,000 &FUTEE Lo | ‘ |

i) 2—ebFoXr—5—-= bu/\//;vm:v’f F (HNB . Br) Cck ’é{%ﬁﬂi
Toxin B( 2ymole ) %r@f pH2.T 1T L1z 10Mﬁ§ z&( ) i< %@b, 37°
CC—EKIER: 7+ > (0.2n0) IERU IZHNB - Br % Toxin BiTXL 2, 10, 50

FER (BVEL) R LSD ST URIS 21T - 7 IR TR, RIGEFHES €21
B, 3 5ICEET 1R >S5 6, 1 SR TEEL L 7z Sephadex G—2 5
(2.0 5 0cm) THitlE Ui, TNB—Trplk 0.1 MEHRF 1) & & (pH127 ) ICHBEL
410 nmiTH1Y %ﬁ%ﬂ&%ﬁ%’ﬁ(18,900%%%@%1/7:0 2, 10, 50458 (EH)
DHNB - Br 2 BU Tl LT 5 1Ltz Toxin BRO k) 7 1 7 5 HEOHNB f k
)77y VBN, 20ENnToxin B1EL4Y , 0.11, 0.68, 095 €1 &
B anr, '
Fu O U DB
1) 5 5= ko sy (TNM) T Bk - Tox1nB(15ﬂmole)%3mé®01
MY U MY UL (pHS.0) IZIBMR L, IOFZ%(%’:}DJ:[;)O)TNM%MIZ_’C 20°C,
4 BSREIRIG S /120 AR U 7ofE8F Toxin BI3, FNETH#, | %K TREMLI.
Sephadex G—25(2.0X500m) THiEA , BRSEIBER & L1z, 8—= fa—Foo



27 Lo BatEhc b ER LIS

i) #o s VB OKBEDREE ¢ Toxin B% 0.1M NaCl 23 i 0.0 IM V) U8
EEWK (pHT.2) iR L (0.18%/me), 20°CTHIT 12 4B FmEr Tl L1z,
KR EMT 0.0 IMY U EEEEIK 2 AN, REH £V ITid EERORBE R EA N, NaOH
AW ENA, X pH%Z 13X TEALIE, 240nmA» 5 320 nm T TORIL AR 2 b
WERRE LTz, pH 2T E b 244 35X 00 295 nm ORI RHENT & b , BEE
B rER LIz (Fig.25 ),

HVEFY 111&0){5%67

Toxin B.( 1.5gmole) %2 2D 1 M ) 2o A F VI R 5 L IERRIEKIEIR AR
U, 1—xFV—8—(8—-UxFNFTI/Tubi)mvE o4 3 FiEE (EDC-
HCD(167mg) ZINA , RIGKD pH%Z 0.1M HCITAT5ICRE L2355, BET 3K
FIE YT 20N T RIS 1 ZEFER CH4EML L1z Sephadex G—25(2.0X50
om) Tt , BRETEL 17, BHRF T COBMNE Toxin B (1.54mole) 2 1nf
DEIMT )& v A F T X F HUERBIEKERICEH L, CHICEMITE 3L 5 iciERR
Fr=ors(1¢)%2MAlz#, S5ICEDC - HC1 (172ng) #MA TRIG%2T 5 120
EDC -HCli3D. E. Koshland 84 ( 7 % Y 0 ) H58t5% 51372,

VERWE 10YiA= 23]

i) 73 v w4V FFTFF—F(F ITC)E{&E@@%: Toxin B 1.5
mole) % 0.1M-Na€CF 25t 0:0-5MREF & V74, pHI.0( 1mf) ICHERL, TH
10FER (EVE) DFITCOT 2 b VB2 - & binA, 4°C, 4 FEGHEL
596G %2fT 51720 FI1TC—Toxin BIZFJGIK % Biogel P— 2 CHIE L 128k, B
REEGEBRE UCHBEL TS,

i) FY=kENrE L2k L ( TNBS )ua@ﬁg > Toxinm B-( L5 mele)
%3mD02MAYEEF L) v s (pHSS)IKENL, CNCEVET 12580
TNBS 2ii4, 25°C, 2GS ®, RIAERMIZIDEAE—t v —2 (1.6X
22m) BT LRRAOCTEHE LI (Fig. 28), TNPLOEFIIHEMULIZTNP —
Toxin BEEEREVT : /B L, VO UVEBDETIREDEIE U,

%12, Toxin B%2 22f5€VDTNBS TEBET A5G S FRt ERROOETI S 512,
PiToxin BHLAD FHH
Toxin BISK L ERBDRE 7u AV F7 U NV (FCA) 2BELT, 32D



o4 ¥ O RS X OEWICE FES Uiz, SURSENSBGUE 2 40128, HURE
2 1007 Kg ot e, —BEICERICEE L, THERLEZ 500497%2%24 87 H
S CIEE Uz, BRI E b 1 0B Biciiiis 28U 12, TEBUERG, * 241
= —HEIER LT Pl Toxin BHAIS, 5 0 %RIFBRZILEEIC X VlEE LIz e T

U Sy RO T,

* o4 E o -k
1% Agar noble (Difeo) ERIKICO0.01%ZLF M) T AZNMA, BIHERLT

Db, ¥y —~VIZEAL, BEX 2umDERT IV 2IFEL UT2, EHE 8 mmDyUTHIA
1021, HE 1041 (1048m6) ZEEAL, 3T°COMEH, —HEHITIZDL, it

BeAR 2 EHEE LT,
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Fig.33. Time course of 125I-Toxin B binding

to the acetylcholine receptors from denervated
rat skeletal muscle. Acetylcholine receptors
(15 fmoles ) were incubated with 125I-Toxin B
(200 fmoles ) for various times. The incubation
mixture was applied to a column of Concanavalin
A Sepharose and the radioactivity remaining in
the column was measured by a gamma counter.
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Fig.34. The specific binding of 1251-Toxin B to
acetylcholine receptors. Acetylcholine receptors
were preincubated with control serum (100 ul),
d-tubocurarine (1 mM), 300-fold excess of cold
Toxin B or patient serum (100 ul) for 16 hr at
4°C. At the end of this period, 123I-Toxin B was
added to the mixture and incubated for 5 hr at
37°C. The radioactivity remaining on the Con-
canavalin A Sepharose column was counted.
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Table 16. Anti-acetylcholine receptor factors in neonatal myasthenia gravis

Mother Neonate
Date Anti-human Concanavalin A Anti-human Concanavalin A

1gG assay Sepharose assay IgG assay Sepharose assay
(pmoles/ml)* (% )** (pmoles/ml) (%)

Apr. 12, 1976 6.40

Oct. 19, 1976 ( birth day) 2.90 *%% 100.2 ***

Oct. 30, 1976 ( 12th day ) 1.48

Nov. 5, 1976 ( 18th day ) 6.00 72.5

Nov. 8, 1976 ( 21st day ) 0.50

Feb. 2, 1977 (107th day) 5.63 0.24

% Control serum ; mean+ 2 SD, 0.48 +0.32 pmole/ml (n=70)
*% Control serum ; mean+2SD, 100+ 6.0% (n=30)
*%% Sample serum was obtained from umbilical-cord blood.

prmoles/ml ( Non-Thymoma Group)

100t

pmoles/mi ( Thymoma Group )

| S,

Before 0

Fig.39. Effects of thymectomy and its time course upon the titers of anti-acetylcholine
receptor antibodies. Clinical stage of myasthenia gravis was classified by remission
(®), mild ( O'), moderate ([J) and severe ( A ). Myasthenia gravis with thymoma rep-
regented black sign.
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HICkE ST 2R UEET B B bnt, (Fig.42)
myamﬁnBawﬁéﬁ@
&&%umhwumB@ —

50 02 BRI D Toxin B D ]
FAETRT 10 LT, ImM
Dd—vEZ5Y) D OFEF
T3 20 BEA T E 28 5120
CnbORRDE, - |
Toxin B& DA ILRIE o st

Amount of toxin bound /ml
o

(500-~fold excess) (1mM)
BALNI, 72, AChR Fig.42. Specific binding of 125I-Toxin B to

e = . acetylcholine receptor-like protein from calf
@%ﬁﬁﬂ@ d—Ixs3Y thymus by a Concanavalin A Sepharose assay.

TToxin BOFEHHEIN

r b, CORSE- aF AEBEAChREES /80 BEEA LN, TOMR
SAOWEBHRTOSRZDERL VT v M EHFEHHOAChRER EHERT S L
994 %TH o120 E72, Sepharose 6 BIT X BH VAL T L DGy Doy FRISHY
95 — 80 JF L HEE I N2 A5, TOSTFEIZLE LT A (Narkejaponica) X D851
AAChREBZABETDH 515



DX, CORSTEMGEEMBRDIAC h RFfKAE DR EHERBE LT, &SR
Table 17ICRULTI,

Table 17. Cross-reaction between acetylcholine receptor-like protein

in calf thymus and myasthenic sera.

. Titer of Anti-AChR Antibod Binding Activit
Case (Age, Sex)  Histology omoles/m! (Anti-Human laG Xssay) % (Cog A Assay})/
MG 1 (51,F) Thymoma 1.593 56.9
MG 2 (31,M) Thymoma 0.432 65.1
MG 3 (32,F) Hyperplasia 1.729 70.6
MG 4 (33,F) Hyperplasia 0.141 99.5
Control Serum N .
n=11 0.045 (mean - 2SD) 100 - 11

EEOmME 112 T 7 o MBROAChRES B 2A0TH e b 1gG kTl
F U & X OICE FIREIZ 0.04 5 pmolemd, Con AJETIZ 1004+ 11 %%RUT,
SETCAHOMGEEMBEPOFAChRIUAZ AChRER 2 V¥V HZHOTHEL
1o ZORER, Bk b 1gGETIIRHIHS, Con AILTIZ 8HIBHBHEERLIZT &>
5, CORSHEE NOHAChRIUKERZNIGHEZ 8D AL L 5T

2 )L MG BE I

B DI A C b RFHK a0} I
8HIDMGREE L1 )

Bl AR OREBEE HES bz

X bR U B % 1 I

P MR 2 B R 2 g

SRR, T % 2 {1

Sepharose 6 B# I & = o

(1.4X81em) ZHNT

SOVRE LTz, Z DR, °T o

HLA C b RIUAIZ 25 Fig.43. Location of anti-acetylcholine receptor Igé in the

fractions of thymus extract from a patient with myasthenia

7S 1 gGi)ﬁf’éﬁjﬁ‘ ANE gravis on a column (1.4x3Lcm) of Sepharose 6B in 0.02M

tris-HC1 buffer, pH 7.0, containing 0.3 M NaCl. Fractions of

- 0.7 ml were collected at a flow rate of 20 ml/hr and the
%CE’ Bﬂfbo 3 glc ? ﬁ eluate was monitored at 280 nm.

AChR#KIZF L b IgA
75 %A T RININT, Hik MegGMfFRL VIR INIZT &5, FLACRR



RIS 1 gATIRZ 1gQ/ T ARBT R DEBA LN, BH/ 2 -2 D14
(Table 18FH(D Case 8 ) % Fig.431TR LTz, ¥ 72, HEEEHEOMBITOWVTS
ERCOBIRFIAR & MDA 217700, 2 b ORBPOSAChRAAR L | oG
B2AEL, 1gG 1™24) OFLACh RFiAR % Table. 18 IT/R L1z,

Table 18. Comparison of the concentration of anti-acetylcholine Feceptoxj
IgG between sera and thymus extracts from patients with myasthenia gravis.

Amount of anti-Ach R IgG

ease Cagesex) :?Z?Z;athology (Pmoseo/ng TgC) ( thymlt;ast/isoerum )
Thymus Serum
1. K.M.(56,M) hyperplasia 0.12 0 -
2. T.Y.(44,F) hyperplasia 1.51 0.71 2.1
3. E.K.(46,M) hyperplasia¥® 4.03 0.59 6.8
thymoma 1.68 0.59 2.9
4. M.N.(26,F) hyperplasia 1.96 0.09 21.8
5. K.M.(50,F) hyperplasia 1.86 0.17 10.9
6. R.M.(27,F) . thymoma 4,05 0.30 13.5
7. T.F.(33,M) thymoma 0.79 0.29 2.7
8. T.N.(32,F) thymoma 1.84 0.50 3.7
9. U.K.(12,M)** qormal 0 0 -

* A residual hyperplastic thymus
** A patient with congenital heart disease

T OFER, [EROAR (Case 9) BILAChRIEZ L S 5 TzDIT L, D 7
B (Case 255 8 ) IMIBRE MFEAHD BT 1gG %4 b O A Ch RFUABDHDIH 2 ~
22 &2 h, MIBHERFICI IV B BB A Ch RFIASTEEL T B &8
BL»EL 512, 085, Case 1 DIMFNICIZHA ChREASTELE LIS H 5 1285, I
FRHRIZZDTrEBoEHINTS,

B4 BEL L TR

L, =35 fEEhHE A Ch R OSMEBREE P MG BE B DF A Ch RIUADHE|E
T, AChRITEEMICKEEST S 7 HH~EHED S D d—Bungarotoxin BSEA I N
T3, LU, 7 IHIANEERIIZ Y F T NEIEA LT ACh OFEE2EET
% B —Bungarotoxin DSFTE s KA-53 RSB CIRAT 5 TREHEDS B> » 120 IR
IHWIZA » Fa 754 Toxin Bid, AEEECTHLMICLIZCTEL, TIHD 7 3
JBBEE IV LA FENTI00DEY TFF T, 20— RIS 5 NMTHBRER



It @ —Bungarotoxin DZ L& B UICKE % b OMIRETH By 72, 42 Kk
SHBHIIT Y F TNMEERT 2RI EENT, HBNAS KMREBEL NS
7o EDEFDD o720 E12 ED D, 2L @ —Bungarotoxin b b 12 Toxin B
RIERAT B EREAT,

19744F, Almon éogi, MGEEDIMERDOH, AChRIUEDKEH T Sephadex G
~ 200 2FEWV 3 7VEEE RN T, MGEZE 156 56 (33 % ) IKH, ACh R
fREmHUIERE LT, LU, CONERMERSLFAChRBZEICNKEL T
R, WSasav NI T 4 —ICREHZEL, I SITRHESENT L EDE
DS 512, ZLT, BEFIPEOME (5044)E AChRB I A » NI 7 5%k
FERAWVAHAE Con AEIRE Y, MGREE 7085241 ( 74%) OMEHITH
AChRFFADEAET BE & 205 HIC LI, Mittag 5 bRROAACL D, MG
ZOD 6T %ITHLAChRIUADSHRHINIIC L 2HEL TV B, L1 5D#ERIE ConA
BB S VEEEL DS TNTVBRLEBRLTNS,

—7%, 9 TiCLindstrom 611?;1:—,1211976 F, e FOBRIHAChRZFRIHUIZB e +
I g GUIEEREINZHBEOH AChRIMEDHFEREZBREL TV D, BEIX, %5
DHEZERRUIZHE M 1 gGERZERL, COFERZAVTMGRERMAII
EHEICHACh RHENELE T3 251U, T/2bH 5, Lindstrom
BHFINTLB b MR 5 » b ORHEER ICHAT 2 DARDED THE L &
KHERBAF T EPRHCH D, £ T, EBZRERELNPTCAChROZED
B S g MRS 2 AChRIEE U2hs, MGEEMBHOIMAChRIUEKED
TRFGHE S € FMOAChRIUZB LT H» 57205, AEETESERAUES O
ThHBLEPDDP 12, 0, ZEHZDHE N gGH:TIZ AChR - MHEEEAK 2N
503 ZEBIEDE S T 353, HLAChRIUKDBHIZRITIZIZE AL BENA 5L
D olze COFLE N Ig GHEIRE b, MGEEDIME 132FF 99651 (76% ) ITEHN
HDH A Ch RFUADKRE T A0S, I b DERITAE VMG OZMHTHZRNITH]H
TXBCEARLTO B,

Con A%, #it b Ig GEED 2D TR b NIFER 2MG DORRAE EWIHIET
BETHE, 18 (BH) OBHRIESERO 1A, 1B, [ITH~NEETE I
D TEL —B U IAERHE 6 N, EHRDRRITOVT I IEDHICERR SN
Bh 512 UDL . BRI EDifAM & DBFTIE, Con ATEL D Fik b 1gC DR



DS DEROEBERTR LTz, BHCHTERMG TIREEFRBROMEHH £ b LG HETOH
RDME E—B U205, COT LRFERMGORECES LT 2MiERFIIRHA
VORI AINDS IgGD 5L, fik b IgGEETRBINIFUREELLN

2o &72, AF 04 FEEHRI 7Y — €% C UIZERITI3 2 ORIAIC—E L THi &

M IgGETRHIN G O—E@EED ERESEEINDZE, b DRI
M 1 GETHRE I NHEBMG OEKRGBOTEICEELREZHEHL TWAT L%
SWWDEBEDTH 5, \

DXIT, MG 2HMREE & IRMIRIERHC YT 5L, Hik b 1 Gk CHeVRIERE 4
BIHsBhE 7R U 1208, BRIRER & kil & O IKi3FERIRRIERY TR oz EDMEEEI
RoNEd 512, COC &L, MIREROMBAIE, ik M oG HEIZX DS
N BHUARDOHIT, EEREGOBEICEREBG U L WAL U T BEJREME 2R U
T3,

BUE, MGOBBHED—->E L CHIREEEDSEN EBA 5N T, UL, #
AChRECGI O 6> 5 % BODEB & BHITH 12 TRIU I Seadding b OH
GEDHTD B, BERIMG 69 F ORFRREEHEE OhtAMOLE) & EERIER 2 BRI
DIz O Ut 7 ORER, BHINRIFIAEOREM LSRRIV DD, £
FCDI VB AIE T B 2R U1 ds, < OBEAIREREEE & & —H LT,
BE, BIIRRSHIN & BT A C h REUA DRSS DRBSIZER 5 T, IBROREH
FAMDE T 28 126 TC LWL ELD , MGOIREIEE LTERITH BT L3
T8 6Tz,

MGORE 2R AEELFH D & LT, MGIASERE AT 2HM5RH 55 b,
EEIT, FUURBRC = aF AFEEAChRE S N VBBHLET B &R, T
D& ¥y BHMGEREMER O A Ch RAUA & REENRIGH: 27RTC & 285
#Kbto?Tmﬂmmmvg%%ﬁﬁf¥m6®AOhRt?ﬁDM%E&%&®
BT, ikt MIEE:ORE CREFNZXUGERZIIH L TV 205, $25EE
EHE—DEDEBZBA SN Do BLE, TN 5IIHERPNCTE T 2 EHASHMIID «amyoid—
cellP DL DEEL SN T B,

35K, BHRIMGREED S OFHEMRAICEL LTT7S1gG4 1 7DHAChR
PUEDFEL, U RICE 5% 1gG RITHT 550 ACh RFURDEIEHS, Il
BLARMTHENE UL ENT &2 S L 72, MGRB A5 A Ch RHUE OFE S



BRI DA Ch RTH 50b , & BUOIRAICEET 5 AChREES L8 /B
I DDIEOEITH S b TI L WO BEE, 778 MR D 5 = 37 LAFEIE AChRE

4 y/fagz;tﬁtuén'cmmlgz L L, BRI LY ~ov & b SR OFLAChR
PSS EINHFET, WIRCHRE LD X AChREEZ VXV BEBTFHEL, A5
DORIBREITL b, TN RERN & LICRRRISSER I N, MRRE 20 3830
DB HINIL WV, WTNICL T b, MEFEINCRE 5N 2MWRER ORR 21857 %
FT, 77, BEEEHAISLAChRYUADRD 2 6 125 L, IGEE COFRME &8
BAL 7R DSE S N7 & &I IR,

MG OFIEMFICEAL CIIRBRDOELBL W, UL, —D2OFHD 28 €7V
(EAMG) IR 5T ED3Tx %, EAMGOREARIX, v LV I(ORERE
OB INIZAChRAY, 5 v MEKIAChR &SRNGS : 286 D &b
b, CNRFERE LTEMZRET AL LTI hHy EV T AHURMPERL, s
HRBER T DY 7 7 A% O AChRSFINEAT 25K, SHEHIE AMG 45
S ENBEDEEABN T, & b ICHBIVEEDS b, ZORIGERICH L TE
IR - COMURHRES Y v TARE EIBIE T, KERBL LIt~y
07— RERE UMM ORI K D ZRIC Y F TARED 7 v T
FOSREEE XL, ZN & & 31T, AChROEDIFAD L T T EMBHLLICINTL
g?%waG%ﬁﬂﬁwéﬁmﬁﬁﬁfC®i5Eﬁ%ﬁﬁcofw%%®t@%
INDB, LI T, MR DOHAChRIUAKIIMG DRIEDG X & & LTHL T E
PSEZ SN, ERIERIE, P UAKEFTO Y+ 7 AREOBEDOE S & HEEEL T
B0 b HNE, Con AFERHLE N 1 gGEETE L NIHAMNL T U EEARIER &
MBI URWDEBIDS S 2 572 & s TOEATT 2R LT D,



o= B 0 B

| — Toxin BOHH : 7053 v Tikick b FHB L2, Toxin B (447 ) 20.5
MY EEEE W (pHT.5 ) (100,1) IKHARL, Tz 0.1IMNaOH(1041) I L
Ife Nalzsl ImCi (New England Nuclear #Y) 24, K, 3567853 T
(101, M/me) ZMA, 13HERGEITE 510 RIGHK, » 4 BT ~ UL
(20,1,7¢./mt) %A TRIGEKT S 4, 121251205% BSA 23l 0.5M Y ViR
g (pH 7.0 ) TG L 72 Sephadex G—50 (0.9X20cm) TY VB L, FEH 3
KB TROES LS EERE I, @0 | —Toxin BOWFHE
4~5%10 Ci/mole T o 12

59 NREEH»S5DACHh ROFE : Almon 60)737‘%%@&0?:0 Wistar &7 v
M (AR, 200-2509) OfHEIABER 2158 U CLEMEE 1onkl EOR S TUHR
L, 10 AT TR 2RI L 72, Bo N THATEED AERD0.1M

. NaCl lmM PMSF, 0.1%NaN; %&ie 0.05M Tris- HOL(pH7.4) ZH0A . HiA
B ML, RARIBEEDS0.1% 10755 & 51T Triton X—100 2 A THEREL, 4°
CT—HuiBre Lzig, 17000 X ¢ 30 @ik 2178 » T3 b2 AChRESE L
THWI, B5NTIESSD 1251 —Tox in BO#EAHREIL 4~5><163\1“6‘5> STe FUV
Mg 5D A ChREES v 8 ORIHEIR, BEDS v MR 5D AC hROH
BUSHEICHED T2,

LA C h RELADAGELR

1) Concanavalin A Sepharose 7 (Con A¥:) : %5 4 (1.1X9¢m) i€ Concan—
avalin A Sepharose %% 04mF WL 72DH, 0.2%Triton X—100, 0.IM NaCl
%210 0.0 5M Tr is -HO (pH7.4 ) TEHL LIz, BREOHETHBE L2 AChRA
K D 50 5 7 BIK ( 250@) HEZIE (50u8) 204, 4°CT—BRREL 12, 1?—
Toxin B ( 02pmole) 24, S 5T 37°CT ARMMEL Con A5 ATHE U,
DX, CON S A RHEEER (2n0) T2EPEERL, » T 5 IKRE U IHETETE 2 &
v =Y vk — (R, — FAE52208 ) TR LT, ERSRIME 30 fl2/M 0
FEEOYEE+ 28 DIZ 10065 ThH 12,
2) #ik b IgGEE : AChRES (10040 & 100EFHRUIMGERENTE 2044

50ue, 1000L%MNA, CHICK 1gGRZEDE B0, 100EHMRUICIERMH
% 18048, 150 4L35X T 1004LIMAT, 4°CT—HRHEL, AChRERWL T2



=g O 1251 —Toxin B (50 £) ZhnA, X5I1T37°C, 4MEHKE Lz, DX KRS
D 162 TS ®BICI A E b Ig GREMEZMA, 4°C TR
SR, 2500X ¢ 1098 L CEIILR AR ( 2nf) TEEEH, TLBYH O
T BEREE2ALEL » fiAChRIUADR %2 1251 —Toxin BO HiEMD Hme4 b
pmole & & UTHF/R LIz, IEHE DX 70 FlOFEfE+ 28Did 0482032 p
mole/mTH 5120 £3, AChREZEILWVRTOREME T T2 L UTELS|
W1,
MG EED SR L 72RO A C h REUE :
PR 1 ~29 2B LIS, EHAEK( 5w ) THIKL 72,
T D—i % O.3MNa61{%§‘U 0.0 2M Tris -HCI(pHS8.0 ) T¥f{k U7z Sepharose
CL—6B(1.4X81em) DN T AITBLUTHEL, JEBRENOH AChRIUAR 24T
vk Ig GET, 72, Ig GEiZBehringtl, LC/XWVFF UG TER LI, kR
DOEIE 2 [F—BE DIFEIC DT $ 17720, MR E A T DA C h REURRE% 174
FRofEes UTEHL S,
HiA C h RHUADHELE 2177% - TONRMG BE
1) EEpRfEHE, 7> v o7 2 b, Harvey —Masland 7 X b g EICL DMG &2
WrI 18241, BIKEFRNE 705 2WRE LT
2) FHERMG : B A9FEIFELIZER (1B) » 53Nt KR T, £
B, ESRIET, wehikss, HEIHER 220, 2HBIEERIER, M
BEENET b B3I NI, 3HBX YY) v 27 5 —EHIORSG T LAERIIER
U, A% 3B TMGEERDHRLEBER S NIAEFIT D %o
3) FEBIA : 38 F Dl TIEMIERIE , Ossermans3¥ET I BITEL , FEFI46 4F
R T 25213 1208, FORBEEIC S ) —EREDEL, BR49FEL Y RF
o 4 REESFZONTO %, Z0%, EFOEROEEBHASNTS DD, 53
FE12HTHER 7Y 2 - IERTH 5,
FEFIB ¢ 42 F O CIERIRE, [ BiTBL » MR 52 FMaRRH 2521 T %08
EAAIRIROBLIZRZD 6N TOEY, B3ETH I D A7 o FEESTLON, B
PREBIRDS R 2 1CHEE U TOBIEFI T D %o



sy L LTA v F a7 SHEE 4 v o BO/BE & 2 O#MEEICOVLT, £
MR 2T D & & bIT, MEEE 2 v Y B OEREMEIE ORI ~DIGAI
DWVTHREFL, UT OS2 T UTZ,

1) 4> Fa75 Naja naja) , B3I 75 (Naja naja atra) gD 5, Sep—
hadex G—50 & CM—t VT -2 2MARDRSZ L LKL D, BHITMEES /N7
B REEBIT X 2 RER LI, ZORER, A0 N2 7 5E» 013 | RARESE & |
RIS RE OB DS NIZOICR U, BB 7 5% 0 it 1 BIFHEEE OA0357
BES 72, BRINTHEEDS b, 1EMEEHED Toxin BZ2ELY, EELA F
1955 R D—IRREE 2B 5 T LT, ZOREE, [EER IR TRVE
& EOERMEYS AL NI

2) Toxin BAFHODS — SEEDNE 2HRETZC LU, 1RO
Toxin BITIE 58D S — SEENHFAELTH O, [EMEHECHENIMS FEL
Tz, SMADOAD 4 AOEBIEIR [MERAETH -, UL, I AT b
L ORIESERED S, Toxin BHOFn o o9 b ) 77 7 UEREL EOFEIRRRIE |
HOZNH0EEEFRL ,TVBLEMNHELHEL 510

3) FE & DLZEEAE 2 VT Toxin BOREE & BEEEY: & ORAR 2I~TRER,
Foorp b 7T VEEL E O & BEEEE ORI b TV
B, 55 MGRTAICN T % 8 - SEEOBZHICKREI LEDNDH S LD
STre TOT EiF 2)TH ST LTz 15HEED Toxin BTIE [ BUMERICIE~, 1
HSEHCHET 2 S — SEBBAXZTREZHEL TN LD EEALN D,

4) Toxin BHEHEGHD 7 7 AMEBECHFET 57 Fva) vy 72 —iTid
& A SRR ST 2 RBEES 2EA LT, 2BORT e FV IV e TS —
Bk ORIEE 2T U, N BDHHERAVT, £ < O CREREEE M D
FeFMAY LT s —HERPAIELIGER, EEGHEIEREMNAICEHRLICZ
OFE IR SN, & 518, TOFHEAD b DRKAMIIESE 2 SiakEk & OB TH
NIHER, EEGEEOERBOREICR IS REI2HE L TVS CEDBHEET X 1%

5) EIEHEIAEI BRI IRER 2 AT 5L L5, R & OBGE 2GS LTS
7 ORER, Fu U BIRPICHREE L ERNICER T AT eF v a ) v e T8 i



& U HBDBELET DT EBHE L & ST, EICEEHEERE O RRA T
MEALHEOLNVOR7EF V) bt T2 —HRBSBREI NI, D&
3, EREEIECESHT ARBEER EMO»OBERZFL TCV28DEEALNS,

WD ITEEA, AFRICEEL, KIGAREC 2 EHEE L W28 - 1 B ASE
S | R BRI EOFE 2R L E T, 70, AFEOEHEELZ LTI 57
FEA RIS S BIICE BHHHB L 29, 3510, AFEO—IOEEE L
7 %\ 072 72O T2 iR TR 2 R B FEER 5 & B2 B Rbera ¢ 4Rl b
BT £ 7,
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