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in coupling capacity of cobrotoxin to Scpharose, however, antigenic activity
deorea•,,.ed pronouncedly when Arg-30 and .vrg-36 were rodified.

Rabbits hyiTerimmunized with cobrotoxin in Freund's complete adjuvant
pro]uece non-precipitatina as well as Tr'eipitating antibodic:. :-:~f'c:
niutrnlizing capacity of the non-precipitating antibody and its papain
fragment increased 23-fold and 2j.6-fold over that of antisera.

Both precipitating and non-precipitating antibodies proved to be similar
with regard to molecular size and elution from cobrotoxin-Serharose colu.r-n.
There was no evidence of physiochemically distinct type of imnmunoglobulin
rpKponsible for the non-precipitating character of antisera. Possible
mechanisms for non-precipitability antIbody were discussred.
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STRUCTURE AND FUNCTION OF COBROTOXIN

Purification of Anticobrotoxin Antibody by Affinity
Chromatography

Cobrotoxin was successfully immobilized on Sepharose
through its free amino groups without altering the antigenic
activity. Coupling reaction at pH 9.0 in 0.1 M sodium
bicarbonate-0.5 M NaCI yielded the best affinity adsorbent for
antibody. It was found that 0.53 M formic acid-0.15 M NaCi
(pH 2.05) was very efficient for the elution of antibody frQicr
cobrotoxin-Sepharose. Modification of Arg-residues did not
cause any change in the coupling capacity of cobrotoxin to
Sepharose, however, the antigenic activity decreased pronounced-
ly when Arg-30 and Arg-36 were modified.

We demonstrated that rabbits hyperimmunized with cobro-
toxin in Freund's complete adjuvant do produce non-precipitating
as well as precipitating antibodies. By affinity chromatography
of supernatants obtained from precipitin reaction at the maximum
precipitation on a coluirn of cobrotoxin-Sepharose, the non-
precipitating antibodies were separated from the antisera.
Specific neutralizing capacity of the antibody preparations
obtained from affinity chromatography was much higher than
those isolated by precipitin reactions. The specific neutral-
izing capacity of the non-precipitating antibody and its papain
fragment increased 23-fold and 27.6-fold over that of the
antisera, respectively.

Both precipitating and non-precipitating antibodies were
proved to be similar with regard to molecular size and elution
appearing on cobrotoxin-Sepharose column. There was no
evidence that a physicochemically distinct type of immuno-
globulin was responsible for the non-precipitating character
of antisera and the possible mechanisms for the non-precipi-
tability of the non-precipitating antibody were discussed.
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Purification of A tti 'bf-oto xi n Antibody by Affinity

Chroma t ography

obrotoxin, a neurotoxic cry.•'-,lline protein, was isolated
from the venom of Taiwan cobra (i".ja n_±ja atra) and was proved
to be the main toxic protein in cobra venom Chemical studeis
show that cobrotoxin is a small, basic protei consisting of a
single peptide chain of 62 amino acid residue , crosslinked
intramolecularly bv four disulfide bridges The complete
amino acid sequence and the positions of disulfide bonds in
cobrotoxin have also be en e."st-hli' 04k

.obrotoxin was successfully immobilized on Sepharose
through its free amino groups without altering the antigenic
activity. Coupling ceaction at pH 9.0 in 0.1 M sodium
bicarbonate 0.5 M NaCI violded the best affinity adsorbent for
antibody. It was foiund that 0.53 M formic acid-0.15 M NaCl
(pH 2.05) as very efficient for the elution of antibody from
cobrotoxin Sepharose. Modification of Arg-residues did not j
cause any chanpe in the coupling capacity of cobrotoxin to
Sepharose however, the antigenic activity decreased pronounced-
ly whe Are-30 and Ar-g-36 were modified.

We dernonsý.rated that rabbits hyperimmunized with cobro- I
toxin in Freund's completc-vdjuvant do produce non-precipitating
as well as precipitating antibodies. By affinity chromatography
of supernatants obtained from precipitin reaction at the maximum
precipitation on a column of cobrotoxin-Sepharose, the non-
precipitating antibodies were separated from the antisera.
Specific neutralizing capacity of the antibody preparations
obtained from affinity chromatography was much higher than
those isolated by precipitin reactions. The specific neutral-
izing capacity of the non-precipitating antibody and its papain~ ~2' f o d o e tha ofth
fragment increased 23-fold and 27.6-fold over that of the
antisera, respectively.

Both precipitating and non-precipitating antibodies were
proved to be similar with regard to molecular size and elution
appearing on cobrotoxin-Sepharose column. There was no
evidence that a physicochemic~lly distin* type of imauno-
globulin was responsible for the non-preci .t ating character
of antisera and the possible mechanisms for•the non-precipi-
tability of the non-precipitating antibody were discussed.
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Purificatio,. ol .n1f ,:ciotox•i Atibudy by Affinity
Chromatograp'iy

I. In trod tc 1: ie)

Cobrotoxin, a neurotoxic crystaliine protein, was isolated
from the venom of Taiwan cobra (Najt naja atra) (Yang, 1965)

and was proved to be the main Loxic protean in cobra venom.
Chemical studies show that cobrotoxin is a small, basic protein
consisting of a siii(1e peptide chain of 62 amino acid residues,
crosslinked intramolecularly by four disulfide bridges (Yang
et al., 1969a). The complete amino acid sequence and the
positions of disulfide bonds in cobrotoxin have also been

established (Yang et al., 1969b, 1970).

It has been reported in our previous immunochemical
btudies on cobrotoxin (Chang and Yar.j. 1969) that 100 %
precipitable antibody ciuld be iKolated imnunospecifically
by gel filtration on SeA.aIax d-I0O _fter[ the antigen-antibody
complex had been dissociated 1;4th ).5' M formic acid-0.15 M
NaCl, pH 2.05. The .;pceific iueu1'IAli:ýing capacity of the
purified antibody w; s 117.5 greý>.Žr than that of the antisera.
Molecular weight •:t soli(!b/1 complex formed from its papain
fragments and cobrotoxin provides the evidence that cobro-
toxin consists of three an.ibody-combining sites/molecule.

In the present study, we demonstrated that rabbits
hyperimmunized with cobrotoxin in Freund's complete adjuvant
do produce non-precipitating as well as precipitating anti-
bodies. By affinity chromatography of supernatants obtained
from precipitin reaction at the maximum precipitation on a
column of cobrotoxin-Sepharose, the non-precipitating anti-
bodies were isolated from the anticobrotoxin sera. The
specific neutralizing capacity of the non-precipitating anti-
bodies and its papain fragment increased 23-fold and 27.6-fold
over that of the antisera, respectively. Both precipitating

Abbreviations: CMC, l-cyclohexyl-3(2-morpholinoethyl)-
carbodiimide metho-p-toluene sulfonate; EDC, 1-ethyl-3(3-
dimethylaminopropyl) carbodlimide HCI; TNBS, 2,4,6-trinitro-
benzene sulfonate; HNB bromide, 2-bydroxy-5-nitrobenzyl
bromide; Tris, tris-(hydroxymethyl)-aminomethane; TNP-
trinitrophenyl; IgG, intnunoglobulin G.
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land flofl -1) !'CeC p i at Xigt ;,r i-bo, ios wr,r,, proved to be sj. m. lar
with regar(i to moluc• cuar size Ilo t oplut..ioi iapr ng on cobro-
"•oxin-Sel't)h:1vo:'e. ;1(r the possile mechianisms for f-he nonprecj-
pitabilit-y of the iron-prec ipizta int, antibody were discussed.

II. Materi.• and Methods

Cobrotoxin used in thi.s- study was prepared from Taiwan
cobra (j n a:tra) venom as previously described (Y'Tn.,
1965). CNBr-activated Sepharose 4B, CH-Sepharnse 413 and
AH-Sepharose 4B were purchased from Pharmacia Fine Cherier':
Uppsala, Sweden. l-Cyclohexyl-)(2-morpholinoetihyl)-
carbodiimide metho-p-toluene sulfonate (CMC). 1-ethvl-3('c-
dimethylaminopropyl) carbodiimido TICI. (EDC), Sephadex G-,-.
G-l00 and G-200, and CM-cellulose were obtained from Sif,-nia
Chemical Company. 2,4,6-Trinitrohenzene sulfonate (TNBS)
was obtained from Tokyo Kztsei Co., 0-methylisourea-HCl from
Nutritional Dioch,-mical Corp., plienyglgyoxal hydrate and
2-hydroxy-5-nitrobenzyl bromide (IINI bromide) from Seikagaku
Kogyo Co., Ltd. Mercuripapain was a product of Worthington
Biochemical Corp., Freehold, N. J. All other reagents were
of analytical grade.

1. Modification of Lys-residues in cobrotoxin
with TNIJS

Cobrotoxin was reacted with 1.1-fold akd 2.2-fold molar
excess of TNBS, respectively (Clvang et al., 1971). The
reaction was carried out in 0.1 M borate buffer (pH 8.6) at
25°C for I h. The mixture was. passed through a column of
Sephadex G-25 (2.5 x 40 cm), followed by ion exchange
chromatography on CM-cellulose with a gradient of increasing.
salt concentration from 0.005 M to 0.5 M ammonium acetate,
pH 5.8 to 6.8. The fractions of the main protein peak were

Jyophilized and desalted by passage through a colimn of
Sephadex G-25 equilibrated with 1 % acetic acid. The protein
fractions were then pooled and lyophilized.

When the toxin was reacted with 1.1-fold molar excess uf
TNBS, the E-amino group of Lys-27 was selectively trinitro-
phenylated without altering the activity of the toxin.
However, complete loss of the activity was observed when Ly.-
27 & 47 were modified with 2.2-fold molar excess of TNBS.

L



(;- II idci iln !L(ed co'lb o I OXi }i v;-S .)I (.'P; i-r'd I ) V dissolving
pmnoles LF cobro tLc: in : i.:, of 0.) M 0-micthy I sourea-HCL
solutCion Shj ich h,' been ajustod 1.o 1I)t 10.6 with 0 M NaOH.
Tho ve:iotinn t nrtr-d : hýI for 72 h- Tb

mixture was then pi.- se(d thrvughi l a col.utri of Sephdex G-25,
and the protein fra c t uns Weore puoled .u(I Iyophil.ized.

TNP-guanidinated :obrotoxin was prepared by trinitro-
phenyla tion of the guaridina ted cobio Loxi, wi th 10-fold
ii1olar excess of INDS .i1 0.1 NT borate buffer (pH 8.6).

2 Modificati.onl oV Aij-i'esjdues in cobrotoxin

by phenylglyox&I

Selective and stepwise modification of Arg-residues wit>l
4 -It phenylviyoxal ..t varyia{;; !)[I was O-nduc tOd essentially accord-

ing to the method of Takah shi. ( 968) .as previously described

(Yang et al., 1974). Cobrotoxiii (it iamoles) was dissolved
in 0.5 ml of aýppropr.irite buffer F-tiution and a 100-fold molar
excess of pheny!glyoxal in 1 .5 ml cf the s-ime buffer was
added. Reaction wgas allou,-c to pl>wee• i -it 270C for 1 h.

Buffer solutions ,used were-(: 0.1 M1 ,cetat:'. p11 6.0; 0.1 M
phosphate, pH 6.7 or pll 7.5; 0.2 M N-et!hyl nuorpholine acetate,
pH 8.0. The mixin 'Ž w;is pa1ssed tcrouh a column of Sephadex
G-25, follo-wed by ion exch:nge chromatography on CM-cellulose
with a gradient of incre'asint, salt concentration from 0.005 M

to 0.-) M ammonium acetate, pH 5.8 to 6.8. The fractions of
the main protein peak were iyuphilized and desalted by passage
through a column. of Sephadex G-25 equilibrated with 1

acetic acid. The protein fractions were then pooled and
lyophilized.

Only Arg-28 was modified at pH 6.0 and the product
retained full biological activity. A,\'rg-33 is the next one
modified when the reaction was carried out at pH 6.7 and the
le~thality drops precipitously, but the antigenic activity
was not altered significantly. However, the lethal activity
lost almost completely and the antigenic activity decreased
about 30 % when tin addcitional Arg-residue at position 30 wzas
modified at pH 'j.5.

3. Modification of tryptophan residue in
cobrotoxin with HNI3 bromide

The alkylation of cobrotoxin with HNB bromide was carried
out under standard conditions (B3arman and Koshland, Jr., 1967)

F-3-



as previously de.Cia -1(Chw.1g and Hayashi, 1969ý. Cobro-
toxin (2 pmoles) t•a; preincubated for 20 h at 37 C in 3 ml
of 10 M urea which had been adjusted to pH 2.7 with concentra-
ted HC1. After incubation, a 10-fold molar excess of HNB
bromide in 0.3 ml ol dry acetone was added with a pipette
below the surface of the protein solution with vigorous agita-
tio:a. After reaction for I h at room temperature (27 0 C) the
modified toxin was separated from excess reagent on a column
(2.5 x 40 cm) of Sephadex G-25 equilibrated with 0.18 M acetic
acid (pH 2.7) and the protein fractions were pooled and
lyophilized.

4. Anci.e-ra

Anticobrotoxin sera were prepared by injecting increas-
ing doses of cobrotoxin with Freund's complete adjuvant into
rabAits weig':in,5 2.0 to 2.5 kg. From 6 ug to 1.6 mg/kg body
weight were injected subcutaneously into the right and left
thigh alternating at b-day intervals during a period of 3
months and the rabb.ts were bled 9 days after the final
injeaction.

Immunoglobulii. G IiAoj was prepared from the pooled sera
by precipitation wit.ý a3nmonium sulfate aL a decreasing order
of saturation, 40 % anci 33 %, followed by gel filtration an a
colimn of Sephadex C-200.

5. Isolation of purified precipitating antibody

IgG was allowed to react with cobrotoxin at the predetei?
mined equivalencq point. The resultant antigen-antibody
precipitates were washed three times with cold 0.15 N NaCl,
then dissolved in 1 ml of 0.53 M formic acid-0.15 M NaCi, pH
2.05, and applied to a column of Sephadex G-100 (2 x 47 cam)
equilibrated with the same solvent. The column was developed
with 0.53 M formic acid-0.15 M NaCl and 4 ml fractions were
collected at a rate of 18 ml/h. The protein was deterined
by the procedure of Lowry et at. (1951) and the fractions
containing the antibody were pooled and dialyzed against
0.02 M Tris-HC1 buffer (pH 7.5) containing 0.15 N NaCI.

6. Digestion and fragmentation of the purified
antibody

Papain digestion of the purified antibody was carried
out according to the procedure of Porter (1959). Purified

I _.
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antibody (140 mg) in i0 dI t" 0.1 ".1 phosphate buffer (pH 7.0)
containing 0.01 M cysteine wid 2 mM ethylenediaminetetraacetic

acid (EDTA) was digested with 1.4 mg of mercuripapain at 37°C.
After 16 h, the papain digest was dialyzed against water with
constant sc'rrinp ;uid several changes of the outer liquid
over a period of 32 h, and then overnight against 0.01 M
sodium acetate buffer, pH 5.5. The crystalline precipitates
that formed during dialysis were removed by centrifugation
and the hydrolysate was chromatographed on a column of CM-
cellulose with a gradient of increasing salt concentration
from 0.01 to 0.9 M sodium acetate, pH 5.5. The initial
volume in the mixing chamber was 800 ml and fractions of 5 ml
were collected at a rate of 22 ml/h.

7. Precipitin reaction

The quantitative precipitin reactions wez'e carried out
as described by Kabat and Mayer (1961). Increasing amounts
of cobrotoxin in 0.02 M Tris-HCl buffer (pH 7.5)-0.15 M NaCI
were added to a constant amount of antibody solution in a
total volume of 1 ml. The reaction mixtures were incubated
for 30 min at 37 0 C and then placed at 4°C overnight. The
precipitates were washed 3 times with 0.5 ml of cold 0.15 M
NaCl, dissolved in 3 ;nl of 0.1 M NaOH and the absorbance
was measured at 280 nm. The amount of antibody precipitated
was calculated1 at the point of maximum precipitation and the
extinction coefficient, El %, was taken as 14.

1 cm

8. Measurement of inhibitory activity of
antibody fragments and non-precipitating
antibody to homologous precipitin reactions

Increasing amounts of non-precipitating antibody or its
papein fragment were added to the constant amount of cobro-
toxin in 0.1 ml of 0.02 M Tria-HCI buffer (pH 7.5) containing
0.15 M NaCl. After incubation at 37 C for 30 min, the reac-
tion mixture was placed at 4 0C for 5 h. The equivalent
ammunt of purified antibody or IgG was then added and the
precipitates formed after incubation at 37 C for 30 min, then
at 40C overnight, were determined by the method as described
in the above paragraph.

9. Measurement of neutralizing capacity
of antibodies

N
S-W t - o
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Neutralizing capacity of antibody preparations was
measured by the method of LD50 neutralizing dose described by
Lin (1962) with a slight modification. Thirty LD50 of cobro-
toxin/mi in 0.15 M NaCl solution was mixed with equal volume
of serial two-fold dilutions of antibody. After incubation
for 1 h at 37 C and then place at 4°C for 2 h, the precipitates
were removed by centrifugation and the supernatant go]utions
were injected intraperitoneally into mice, NIB strain weighing
18 : 1 gin, in the amount of 0.2 ml/mouse. Four mice of both
sexes were used for each dilution and the LDcO was calculated
according to the 50 % end-point method of Reed and Muench
(1938). The specific neutralizing capacity was expressed as
the number of LDO of cobrotoxin neutralized by 1 mg of
antibody.

10. Coupling of cobrotoxin and its modified
derivatives to CNBr-activated Sepharose 4B

A covalent coupling of cobrotoxin and its modified
derivatives to CNBr-activated Sepharose 4B was carried out
essentially according to the method described by Cuatrecasas
and Anfinsen (Cuatrecasas, 1970; Cuatrecasas and Anfinsen,
1971a, b).

The freeze-dried powder of CNBr-activated Sepharose 4B
was washed and swollen in 1 mM HCl solution on a glass filter
and was divided into several portions. Each portion was
washed repeatedly with the buffer solution used for coupling.
The buffers used were: sodium phosphate, pH 7.5; sodium
bicarbonate, pH 8.3 or pH 9.0; sodium carbonate, pH 10.0.
The buffer concentration was 0.1 M and each contains 0.5 M
NaC1.

Cobrotoxin (6 mg) in 3 ml of coupling buffer was mixed
to a 3 ml bed volume of the washed gel suspension. The
mixture was stirred gently for 1 h at room temperature and
left overnight at 40 C. After coupling is complete the traces
of;non-covalently adsorbed toxin was washed away with coupling
buffer on a glass filter. The amount of protein coupled on
CNBr-activated Sepharose 4D was estimated by determination
of the protein in washes by the method of Lowry *t 11. (1951),
using cobrotoxin as standard, except for TNP- and IHB-cobro-
toxin which were measured spectrophotometrically at 345 nm and
410 tm, respectively (Chang et al., 1971; Chang and Yang, 1973,).

The residual active groups on the gel were blocked by

-6-



treatment with 50 :;1 .f' r than.J ;.•iinc at pH 8.0 for 5 h

at 40 C. The excess blo:kinn', reatent was wztshed away with

coupling buffer 'olluwed by 0.1 M cetoate buffer (pH 4.0)-

0.5 M NaCI and coupling; buffer. The toxin-Seph.rose conjugT-tr'

is now ready for use.

11. Affinity chromatography of antibody
preparations on a column of
cobrotoxin-Sepharos e

An aliquot of the cobrotoxin-Sepharose gel suspension
(3 ml bed volume) was poured into a small column (1.0 x 15 ci;,'
and equilibraced with 0.1 M NaHCO 3 buffer (pH 8.3)-0.5 M
NaCl. Antibody preparation was applied on the column by
passage through the column three times. The column was
washed with 50 ml of 0.1 M NaHC0 3 buffer (pH 8.3)-0.5 M
NaCl and 80 ml of 0.01 M acetate buffer-0.5 M NaCI (pH1 5.3
The antibody was then eluted with 0.53 M formic acid-0.15 M
NaCI (pH 2.05) and the effluents were neutralized immediatet
with 1.0 M glyaine-NaOH buffer (pH 11.5). The protein
fractions were pooled and dialyzed against 0.02 M Tris-HCl
buffer (pH 7.5) containing 0.15 N NaCl at cold and the
precipitates formed were removed by centrifugation. The
protein concentration was measured spectrophot metrically
at 280 nm, and the extinction coefficient, E1 l, was taken
as 14.0 for antibody and 13.5 for papain fragment of the
purified antibody. The antigenic activity of cobrotoxin
and its modified derivatives after coupling to Sepharose
was measured by the recovery of added antibody.

12. Separation of precipitating and non-
precipitating antibodies J

Small amounts of cobrotoxin (approximately 1/I0 of the
quantity required for maximal precipitation) were added to
the antisera successively. After each addition the

00
mixtures were incubated for 1 h at 37 C and at 4°c for 1 h
before centrifugation. The precipitates were collected,
pooled and used to prepare the precipitating antibody.
The supernatant, obtained after the addition of cobrotoxin
had produced no more precipitation, was used to purify the
non-precipitating antibody. The supernatants were passed
through a column of cobrotoxin-Sepharose repeatedly for thro

times. The antibodies bound were eluted with 0.53 M form!
acid-0.15 M NaCI (pH 2.05) after the column had been washed
with 80 ml of 0.1 M NaHCO buffer (pH 8.3) containing 0.5 M

3
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NaC1 and 70 _e( i.:,ie- ':,zfl'er-0.5 M NaCl (pH 4.0).

The effluents wer( acutlalized jirunediately with 1.0 M
glycine-NrOH buffer (pH 1.1.5) ond the fractions containing
antibody were pooled and dialyzed against 0.02 M Tris-HCI
buffer (pH 7.5) containin! 0.15 M NaCI.

13. Coupling of cobrotoxin to CF-Sepharose 4B
and AH-Sepharose 4B

One a of freeze-dried CH-Sephcrose 4B was swollen in 0.5
M NaC1, then washed with water to remove NaCl. Cobrotoxin
(8 mg) dissolved in distilled water (2 ml) was added and the
pH was adjusted tQ 4.5 with 0.1 M NaOH. Thu coupling reaction
was initiated by the addition of soluble carbodiimide (CMC or
EDC, 40 mg to 60 mg) dissolved in 2 ml of H2 0 and the mixture
was shaken overnight. The pH of the mixture was maintained
at 4.5-5.0 with 0.1 M NaOH throughout the reaction. After
wash away the excess ligand and reagents, the gel suspension
was poured into a small column (1.0 x 15 cm) and equilibrated
with 0.1 M NaHCO3 buffer (pH 8.3)-0.5 M NaCl. The procedure
used for a covalent coupling of cobrotoxin to AH-Sepharose
4B was the same as those for CH-Sepharose 4B.

III. Results

1. ImmobilizaLion of cobrotoxin on Sepharose
for affinity chromatography of antibody

•. .~Cobrotoxin was successfully immobilized on Sepharose.
The effect of pH on the covalent coupling of cobrotoxin to
CNBr-activated Sepharose 4B, and the antigenic activity of
cobrotoxin after coupling are shown in Table I. Almost
complete coupling was achieved at pH 7.5-9.0 in the toxin
concentration of 2 mg/ml of Sepharose.

In affinity chromatography of antibody preparations on
the column of cobrotoxin-Sepharose, the antibody bound to
cobrotoxin-Sepharose was eluted at low pH. In the prelimi-
nary experiments, 0.53 M formic acid-O.15 M NaCM (pH 2.05)
and 0.2 M glycine-HCl buffer containing 0.5 M NaCl (pH 2.8
and 2.05) were used for elution of the bound antibody.
It was found that 0.53 M formic acid-0.15 M NaCI (pH 2.05)
was the most efficient and reproducible for the elution of
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antibody from ce-)ro.ox:Ln-Sepharose.

The antigenic activity of cobrotoxin after. coupling to
Sepharose at various p1l was measured from the recovery of

the purified antibody added. As indicated in Table I, the
antigenic activity of cobrotoxin was not altered very much
after immobilization at pH 7.5-10.0 on Sepharose, however,
it seems that coupling reaction at p'1 9.0 in 0.1 M NaHCO 3 -
0.5 M NaCl yields the best affinity adsorbent for antibody.

The maximum amount of cobrotoxin which could be covalent-
ly coupled to each ml of the activated Sepharose gel was
determined. As shown in Table II, althrnigb th7 amount of
cobrotoxin coupled increased with increasing toxin concen-
tration from 2 mg to 6 mg, the coupling capacity, on the
other hand, decreased progressively. This indicates that
the coupling was less efficient at higher toxin concentration.
However, there is no great difference in the antieenic anti-
vity of the coupled cobrotoxin when various concentration of
cobrotoxin was used for coupling reaction.

2. Separation of antibody by affinity
chromatoorphy on cobrotoxin-Sepharose
column

When antibody preparations were applied to a column of
cob-otoxin-Sepharose, more than twice large the amounts of
antibody than those determined by precipitin reaction were
always recovered from anticobrotoxin sera and IgG (Table III).
This fact indicates that both antisera and IgG preparations
contain non-precipitating antibody which could not be detected
by quantitative precipitin reaction besides the precipitating

:• antibody.

The heterogeneity of anticobrotoxin antibody was demon-
Strated by stepwise elution of the antibodies adsorbed on a
column of cobrotoxin-Sepharosc with several different pH
buffer solutions. As illustrated in Fig. IA, although the
major fraction of antibody in anticobrotoxin IgG was eluted
at pH 2.05, 0.53 M formic acid-0.15 M NaCl, at leant thr-
more populations of antibodies could be separated by acetate
buffer-0.5 M NaCl at pH 5.5, pH 4.0 and pH 3.5. The result
indicates that several populations of antibody, differing in
their affinity to cobrotoxin, are present in the anticobrotoxin
IgG preparation. It is also true in both purified precipi-
tating and non-precipitating antibodies, as illustrated in

9



Fig. lB. Both pLu'ified antibody preparations after being
bound to cobrotcxin-Sepharose could be eluted stepwise with
the proportions compatible with that of anticobrotoxin IgG
(Table IV).

3. Isolation of non-precipitating aitibody

For the I.solation of the non-precipitating antibody.
the precipitating antibody in anticobrotoxin sera or IgG was
first removed by precipitation with the serial addition of
cobrotoxin until no more precipitato formed. Then the non-
precipitating antibody in supernatant solution was separn.tec
by affinity chromatography on a column of cobrotoxin-
Sepharose. As shown in Table V, the total antibody cuontint
in the hyperimmunized anticobrotoxin sera was high, 4.55 rig/'
ml, and non-precipitating antibody amounted to 57.9 o of thc
total.

The binding •apaýities of the non-precipitating antibody
and its papain f'almsert to 4manobilized cobrotoxin were
compared with those ,' he pc.J,13ipitat4_ag antibody preparations.

As can be secro. from Table I:1E1 thc re'coveries of the non-
precipitating •x•÷hd- an. c its -papain fragment were almost
the same order of :awnitA!.Je a•l those of the precipitating
antibody and its ... n f:.'pa .i, i:.,11cating that there are no
differences i.n ""nd1:&. .ffinity tu cobrotoxin-Sepharose
between preuiitJthz:• ai~) noi-i.-pc'ipitating antibodies.

AAntibody -ctivity :W tne xion-prvecipitating antibody and

its papain frag:.eal, war determinezd by their inhibitory
activity on the homologous precipitin reactions of cobrotoxin
with I3gG or with purijied precipitat4.ng antibody. As illus-
trated in Fig. 2, complete in-hibiticn of precipitation was
achieved by PI of non-precipitating antibody. Although non-
precipitating antibody that was able to be co-precipitated
to render otherwise soluble complexes insoluble did not
in-i•bit the formation of insoluble complexes by precipitating
antibody in the zone of antigen excess, almost complete
imbibition was also achieved by non-precipitating antibody
in the zone of antibody excess (Fig. 3). Approximately 1.0
mole of F1, or 0.91 mole of the non-precipitating antibody/
molecule of cobrotoxin gave 50 % inhibition, while for Pi of

the purified precipitating antibody about 1.2 moles were
S~requirted for the same degree of inhibition (Chang and Tac,•-

1969). These results provide the evidence that the

antibody activity of the non-precipitating antibody and it-
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papain fragment seems to be more active than that of the
precipitating antibody and its papain fragment.

4. Specific neutralizing capacity of antibody
preparations

As can be seen from Table VI, although the specific

neutralizing capacity of the purified antibody isolated by
precipit 4 n reaction increased 18.1-fold over that of the
antisera, even higher capacity was found for both of the
purified antibody and non-precipitating antibody separated by
affinity chromatogrphy on a column of cobrotoxin-Sepharose.
The specific neutralizing capacity of papain fragment (FI) of
the non-precipitating antibody was also higher than that of
FI of the purified antibody-i isolated by precipitin reaction.
These results indicate that the specific neutralizing capacity
of the antibody preparations obtained from affinity chromato-
graphy was superior to those obtained from classical preci-
pitin reactions.

5. Gel filtration of antibody preparations

The gel filtration patterns of non-precipitating antibody
and its papain fragment on Sephadex G-200 were compared with
those of precipitating antibody. As shown in Fig. 4, the
non-precipitating antibody and its papain fragment emerged at
the corresponding effluent volume as those of the precipitating
antibody and its papain fragment, showing that the molecular
size of precipitating and non-precipitating was similar.

6. Effects of chemical modification on the

coupling capacity and antigenic activity
of cobrotoxin

k As shown in Table VII, the coupling capacity of cobrotoxin
to CNBr-activated Sepharose 4B was not affected very much by
chemical modification. Only about 10 to 15 % decrease in
coupling capacity was noticed when the free amino groups were
trinitrophenylated or guanidinated and the only one Trp-residue
at position 29 was alkylated. The Arg-modified derivatives
and the Tyr-nitrated toxins retained essentially the full
coupling capacity to Sepharose as native toxin.

Antigenic activity of the modified toxins after couplina
to Sepharose was measured by the recovery of the purified
antibody applied on the column of tox-n-Sepharose (Table VIII).
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Although the iO(it'1i, ) k:-re_,idue did not affect the
coupling capacity of the to~ia Lo Sepharose (Tablr- VII), the
antigenic activity iec r'eased progressively as the modification
proceed. Antiechnc activity decreased to about 40 % when the
3rd Arg-residue at position 30, besides Arg-28 and Arg-33, was
modified and even moxr" pronounced decreAse was noticed when
an additional Arg-residue at position 36 was modified. These
results are compatible with our previous fii.ding on the status
of Arg-residues in cobrotoxin (Yang et al., 1974) that Arg-30
and Arg-36 are more closely related to the antigenic specifi-
ýity of the toxin. As can be seen from Table VIII, besides
the Arg-modified toxins the only decrease in antigenic activity
was observed in Lys-27 & 47 TNP-cobrotoxin and TNP-guanidinatec
cobrotoxin which decreased 17.9 % and 14.3 %, respectively.

7. Affinity chromatography on Sepharose
derivatives

CH-Sepharose 413 permits the synthesis of specific
adsorbents with the ligands separated from the matrix by a six-
carbon long spacer group, 6-amino hexauioic acid. In this
way it could minimize the steric hindrance to the protein-
ligand binding process due to the matrix if there is any.
However, as shown iii Table TX, the coupling capacity of cobro-
toxin to CH-Sepharose 4B was less effective and the antigenic
activity after coupling was even worse as compared with CNBr-
activated Sepharose 4B.

AH-Sepharose 4B with spocer group, 1,6-diaminohexane,
has free primary amino group! available for the covalent
coupling of ligands containing carboxyl groups. Therefore,
cobrotoxin which has seven free carboxyl groups was coupled to
AH-Sepharose 4B by a simple one-step carbodiimide coupling
reaction. As can be seen in Table IX, the coupling capacity
was only 10 % and the recovery of the added antibody was
also very low. The results suggest that coupling of cobro-
toxin to Sepharose through its free amino groups is much more
efficient than through its free carboxyl groups.

IV. Discussion

Rabbits hyperimmunized with cobrotoxin in Freund's complete
adjuvant do produce non-precipitating as well as precipitating
antibodies and the non-precipitating antibody amounts to 57.9

-12-
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of the total antibc•dy. .•!ibody Fpparatcd by a single step
of affinity chromatography on a column of cobrotoxin-Sepharose
is even more superior to that of the precipitating antibody
purified by immune precipitin ;-e;,ction with regard to their
neutralizing capacity. Both populations of antibody were
similar with regard to elution appearing on cobrotoxin-
Sepharcie and molecular size. There was no evidence that a
physicochemically distinct type of immunoglobulin was respon-
sible for the non-precipitating character of antisera.

The specific neutralizing capacity of the non-precipita-
ting antibody and its papain fragment increased 23-fold and
27.6-fold over that of the antisera, respectively. This
predicts a substantial improvement in the therapy of victims
of snake bites. On the other hand, non-precipitating antibody
and its papain fragment do not form insoluble aggregates with
homo Oous antigen but form soluble antigen-antibody complexes.
This may also provide valuable tools for an immunochemical
approach to the elucidation of the toxic nature of snake venom.

The existence of non-precipitating antibodies has been
demonstrated in many animal species since the first original
observations of Heidelberger and Kendall (1935). They found
that the repeated addition of small quantities of antigen to
rabbit anti-egg albumin until no more precipitate formed
yielded only 78 % of the antibody detected when an optimal
amount of antigen was added in one step. The missing antibody
was considered to be non-precipitating antibody and it was
capable of being coprecipitated by the addition of fresh
antiserum and antigen.

Different hypotheses have been proposed to explain why
these antibodies fail to precipitate with the specific antigen,
although they combine with it and co-precipitate in the
presence of precipitating antibody and antigen. These
hypotheses include univalency, limited recognition of antigenic
determinants on complex antigens, low affinity for the antigen
asnd particular physicochemical properties.

The supernatant, obtained after the addition of antigen
and no more precipitation had produced, was used to purify the
non-precipitating antibody. In principle, this method selects
antibody according to its affinity for the antigen, since
the antibody with the highest affinity would precipitate first.
Therefore, it might be supposed that the non-precipitating
antibody remaining after precipitation was simply due to its
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low affinity. jr ow,,-r, thi- ;ss'iimptiorn is not suitable for

the present ait i!,ody, hcc. ut, the separation of' the non-
precipitatinf ani ibody wr-1 e achieveI by affinity chromatography
on a column of cobrotoxi-Scpharose, a tochnlique requiring
,1rtihody of' higl, aff'initv. I..ccondly, the antibody activity
of the non-precipitz-tint- antibody and its papain fragment as
determined by their inhibitory activity on the homologous
,)recipitin reactions indicated that. the reactions with cobro-
toxin were very firm. Therefore, the inability of the non-
,)recipitatinp, antibody to form insoluble complexes with cobro-
toxin must be due to reasons other than low affinity.

It has been suggested that non-precipitating antibody is
,jnivalent (Marrack, 1961; Fiset, 1962), but this possibility
.eems to be excluded by physicochemical studies of Klinman
;.t al. (1964), Klinman and Karush (1967) and Carter and

* ,Iarris (1967). Although no detailed study of the valency
,f the non-precipitating antibody was performed here, the
t'act that its molecular size was identical to those of the
;,recipitating antibody suggests that the molecular structures
,f both of immunoplobulins were the same type.

Klinman ct al. (19614, 1966 1967) purified rG precipitating
ind rG(T) non-precipitating equine anti-p-azophenyl-p-lactoside
kLac) .ntibody and demonstrated that rG(T) anti-Leac was
)ivalent and of high affinity. They suggested that the Fab
Arms of the rG(T) nnti-Lac are restrictt-d in their movement
"educing the probability of such antibody to crosslink with
intigens, i.e., non-precipitating antibody "exhibit monogamous
,ivalency" by which it is unable to react with determinants
)n two different molecules of antigens. Measurements of
-,ab flexibility of rG(T) support their suggestion (Archer
Žt al., 1973).

The results obtained by Margni and Binaghi (1972) are also
:ompatible with the hypothesis that non-precipitability is due
;o particular Ponfiguration of the molecule that makes it
Lmpossible for one molecule of antibody to combine with two
lifferent molecules of antigens simultaneously.

Christian (1970) presented evidence suggesting that the
"ailure of non-precipitating antibodies to precipitate appeared
:o result from the limited recognition of multiple antigenic
leterminents on complex antigens. Unlike the conclusions from
;he investigations of rabbit and equine non-precipitating anti-
iapten antibodies (Carter and Harris, 1967; Klinmen and Karush,
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1967), there was no evidence that a physicochemically distinct

type of immunoglobulin was responsible for the non-precipita-
ting character of the anti-ovalbumin sera.

If the antibodies are capable of binding with only a
small number of antigenic determinants, lattice formation of
the antigen-antibody complexes will be incomplete and, depen-
ding on degree of its incompletion, the complexes will remain
soluble in the precipitin reaction.

Nakamura et al, (1972) and Tamoto et al. (1972) from their
studies on guinea pig non-precipitatinG 7S r 2 -antibody to
ovalbumin suggested that the non-precipitating antibodies
belonged to an antibody population which reacted with some
particular antigenic determinant on ovalbumin molecule and
were produced in excess, as compared with other populations
of antibodies. When the umount of these antibodies is too
large as compared with other antibodies, only a portion of
them will be able to cooperate with other antibodies to make
latticework of antigen-antibody complexes (Kabat and Mayer,
1961) and the remainder will be left as free antibodies in
supernatants. On the other hand, when the amount of
ovalbumin added is increased to combine with all these
antibodies, the formation of latticework will become incomplete
owing to relatively small amount of other antibodies and
antigen-antibody complexes will not precipitate.

This explanation appears to be compatible with the results
obtained by other workers for non-precipitating antibodies
(Heidelberger and Kendall, 1935; Heidelberger et al., 1940;
*Wdgle and Maurer, 1957; Feinberg, 1958; Kabat and Mayer, 1961;
Christian, 1970). Many investigators isolated non-precipi-
tating antibodies from antisera by adding repeatedly small
amounts of antigens to remove precipitating antibodies. Such
treatments may make antisera unbalanced and leave antibody
populations reacting with only one or few antigenic determi-
nants. However, the results so far obtained have not eluci-
dated the weak precipitability of non-precipitating antibodies.
Further study will be required for elucidating this problem
and the study on the non-precipitating antibody is in progress.

V. Conclusion

Cobrotoxin was successfully immobilized on Sepharose
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through its free amino groups without altering the antigenic
activity. Coupling reaction at pH 9.0 in 0.1 M sodium
bicarbonate-0.5 M NaCI yielded the best affinity adsorbent for
antibody. It was found that 0.53 M formic acid-0.15 M NaCl
(pH 2.05) was very efficient for the elution of antibody from
cobrotoxin-Sepharose. Modification of Arg-residues did not
cause any change in the coupling capacity of cobrotoxin to
Sepharose, however, the antigenic activity decreased pronounced-
ly when Arg-30 and Arg-36 were modified.

We demonstrated that rabbits hyperimmunized with cobro-
toxin in Freund's complete adjuvant do produce non-precipitating
as well as precipitating antibodies. By affinity chromato-
-raphy of supernnrtants obtained from precipitin reaction at the

maximum precipitation on a column of cobrotoxin-Sepharose, the
"non-precipitating antibodies were separated from the antisera.
Specific neutralizing capacity of the antibody preparations
obtained from affinity chromatography was much higher than
those isolated by precipitin reactions. The specific neutral-
izing capacity of the non-precipitating antibody and its papain
fragment increased 23-fold and 27.6-fold over that of the
antisera, respectively.

Both precipitating and non-precipitating antibodies were
proved to be similar with regard to molecular size and elution
appearing on cobrotoxin-Sepharose column. There was no
evidence that a physicochemically distinct type of immuno-
globulin was responsible for the non-precipitating character
of antisera and the possible mechanisms for the nonprecipi-
tability of the non-precipitating antibody were discussed.

16
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APPENDIX A-i

Table I

Effect of pH on the coupling capaciiy of cobro;oxin to
CNBr-activated Sepharose 4B and the antigenic activity

of cobroLoxin after coupling

Coupling** Antibody Yield

Coupling buffer* capaciLy
Added Eluted

((mg) (mg) M

Sodium phosphate, pH 7.5 99.0 6.2 5.3 85.5

Sodium bicarbonate, pH 8.3 99.1 6.2 5.3 85.5

Sodium bicarbonate, pH 9.0 99.2 6.2 5.6 90.3

Sodium carbonate, pH 10.0 85.0 6.2 5.1 82.3

SThe buffer concen'tration used was 0.1 M and each contains
0.5 M NaCI.

* The amount of cobrotoxin coupled on Sepharose was determined
by the difference between the amount of toxin (6 mg/3 ml of
Sepharose) added and that o1f free toxin appeared in the
washing after the coupling process. Protein was determinedby the method of Lowry et t al. (1951).
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t APPENDIX A-Z

Table II

Effect of' cobrotoxin concentration on coupling capacity

to CNBr-activated Sepharose 4B and the antigenic activity

of coupled cobrotoxin to antibody

Cobrotoxin Coupling Antibody Yield

added* capacity
Added Eluted

(M) (mg) ((1g) M)

2.0 99.2 6.2 5.6 90.3

4.0 84.3 6.2 5.4 87.1

6.0 79.0 6.2 5.7 91.9

8.0 44.1 6.2 6.1 98.4

* mg/ml of bed volume.
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APPENDIX A-3

Table III

Antigenic activity of cobrotoxin after coupling on
"Sepharose to various antibody preparations

Antibody

Antibody preparations Added* Eluted Yield

(mg) (me) M

Antisera** 6.5 15.2 233.8

IgG** - 6.0 13.8 230.0

Purified precipitating antibody 6.2 5.6 90.3

Non-precipitating antibody 6.4 5.6 87.5

+FI of precipitating antibody o.4 3.4 53.1

FI of non-precipitating antibody+ 6.5 3.0 46.2

*The protein concentration was measured spectrophotometically
at 280 'rn ::nd the extinction coefficient, El %, was taken
as 14 for antibody and 13.5 for PI.

** The antibody contents of the antisera and IgG preparation
were determined by quantitative precipitin reactions.

+ Obtained from chromatography on a CM-cellulose column of
the purified precipitating and non-precipitating antibodies,
respectively, after papain digestion.
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APPENDIX A-4

Table IV

Stepwise elution of antibodies from a column of
c obro toxin-Sepharose

Antibody preparations

Butiier solution IgG Precipitating Nou-precipitatiniý

a.ntibody anLibody

0.01 M Acetate buffer- 1.3 8.0 4.6
0.5 M NaCI, PH 5.5

0.1 M Acetate buffer- 9.4 8.8 13.2
0.5 M N&Cl, pH 4.0

0.1 M Acetate buffer- 27.3 14.2 27.5
0.5 M NaCI, pH 3.5

0.53 M Formic acid- 62.0 69.0 54.7
0.15 M NaCl, pH 2.05

- 24 -
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APPENDIX A-5

Table V

Precipitating and non-precipitating antibodies
in anticobro-•xin sera

mg/ml % Ratio

Precipitating antibody 1.916 42.1 "i1.0

Non-precipitating antibody 2.634 57.9 1.375

Total antibody content 4.550 100

)I
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APPENDIX A-6

Table VI

Comparison of the specific neutralizing capacity of
antibody preparations

Specific
neutralizing RelativeAntibody preparations capacity capacity
(LD 5o0 lg)

Antisera 2.5 1.0

IgG 12.1 4.8

Purified antibody-l* 45.3 18.1

Purified antibody-2** 67.4 27.0

Non-precipitating antibody 57.6 23.0

FI of purified antibody-i 43.5 17.4

FI of non-precipitating antibody b9.1 27.6

* Purified antibody-i was isolated by gel filtration on
Sephadex G-1O0 after the antigen-antibody precipitates had
"been dissociated with 0.53 M formic acid-0.15 M NaCI, pH
2.05. Therefore, it is the precipitating antibody.

** Purified antibody-2 was isolated by affinity chromatography
on a column of cobrotoxin-Sepharose. The antibody was
eluted with 0.53 M formic acid-0.15 M NaCi, pH 2.03 after
washing with 0.1 M soldium acetate-0.5 N NaCI, pH 3.5.
It contains both precipitating and non-precipitating anti-
bodies.

-26-
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APPENDIX A-7

Table VII

Effect of chemical modification on the coupling capacity of
cobrotoxin to CNBr-activated Sepharose 4B

Cobrotoxin Added Coupled Coupling

derivatives (ci) (mg) ity

Native cobrotoxin 6.0 5.95 99.2

Lys-27 TNP-cobrotoxin 6.0 5.49 91.5

Lys-27 & 47 TNP- 6.0 5.25 87.5
"cobrotoxin

Guanidinated 6.0 5.28 88.0
cobrotoxin

TNP-guanidinated 6.0 5.12 .85.3
cobrotoxin

Arg-28 modified 6.0 5.94 99.0
cobrotoxin

Arg-28 & 33 modified 6.0 5.96 99.3
cobrotoxin

Arg-28, 30 & 33 6.0 5.89 98.2
modified cobrotoxin

Arg-28, 30, 33 & 36 6.0 5.97 99.5
modified cobrotoxinI

HNB-cobrotoxin 6.0 5.11 85.2

Tyr-35 nitrated 6.0 5.97 99.5
cobrotoxin

Tyr-25 & 35 nitrated 6.0 5.97 99.5
cobrotoxin
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APPENDIX A-8

Table VIII

Antigenic activity of the modified cobrotoxin derivatives
after coupling on Sepharose to the purified antibody

Cobrotoxin Antibody Relative
derivatives Added Eluted Yield activity

(mg) (mg) () (%)

Native cobrotoxin 6.2 5.6 90.3 100.0

Lys-27 TNP-cobrotoxin 6.2 5.6 90.3 100.0

Lys-27 & 47 TNP- 6.2 4.6 74.2 82.1
cobrotoxin

Guanidinated 6.2 5.8 93.5 103.6
cobrotoxin

TNP-guanidinated 6.2 4.8 77.4 85.7
cobrotoxin

Arg-28 modified 0.2 5.4 87.1 96.4
cobrotoxin

Arg-28 & 33 modified 6.2 5.2 83.9 92.9
cobrotoxin

Arg-28, 30 & 33 6.2 3.4 54.8 60.7
modified cobrotoxin

Arg-28, 30, 33 & 36 6.2 2.6 42.9 46.4
modified cobrotoxin

HNB-cobrotoxin 6.2 5.8 93.5 103.6

Tyr-35 nitrated 6.2 6.2 100.0 110.7
cobrotoxin

Tyr-25 & 35 nitrated 6.2 5.5 88.7 98.2
cobrotoxin

k
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APPENDIX A-9

Table IX

Affinity chromatography on Sepharose derivatives

Sepharose Cz.rbodiimide Coupling Antibody

derivatives used capacity* Yield
Added Eluted

W%) (mg) (me) (W)

CH-Sepharose CMC, 40 mg 86.5 6.2 4.1 66.2
4B

CMC, 60 mg 80.5 6.2 4.1 66.2

EDC, 60 mg 94.1 6.2 3.8 61.3

AH-Sepharose CMC, 40 mg 10.1 6.2 1.8 29.0
4B

* The amount of cobrotoxin used was 2 mg/ml of Sepharose.
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APPENDIX B-i

3.0
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0
00
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S1. 0 LPH 5 .5 6 PH . 0 PH 3 5... pH 2. 0%

0.
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Effluent volume (ml)

Fig. 1. Stepwise elution of antibodies from a column
of cobrotoxin-Sepharose.

Antibody preparations were applied by passage through
a column (1.0 x 3.5 cm) of cobrotoxin-Sepharose (cobro-
toxin 2 mg/mi of Sepharose, coupled at pH 9.0) three times,
and wAshed with 30 ml of 0.1 M NaHC0 3 -0.5 M NaCI, pH 8.3.
The buffer solutions used for stepwise elution were: 0.01
M acetate buffer-0.5 M NaCl (pH 5.5), 0.1 M acetate buffer-
0.5 M NaCi (pH 4.0 and pH 3.5), and 0.53 M formic acid-
0.15 M NaCl (pH 2.05).

A: Anticobrotoxin IgG 6 mg.
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APPENDIX B-i

1.2

1.0

04

O 0.8

4J

c 0.6

-4CO

4.P 5.5 pH 4.0 pH 3.5 pH 2.05
o 0.4 5.5 -

0.2

0 30 60 0 20 10

Effluent volume (ml)

Fig. 1. Stepwise elution of antibodies from a column
of cobrotoxin-Sepharose.

B: Purified precipitating antibody (0----) 5 mg and
pu.'ified non-precipitating antibody (e----e) 5.2 mg.
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APPENDIX B-2
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F1 of non-precipitating antibody (ps)

Fig. 2. Inhibition of the homologous precipitin
reactions of cobrotoxin with anticobrotoxin IgG by FI of
non-precipitating antibody.

Increasing amounts of FI was added to cobrotoxin (20
jg) in 0.1 ml of 0.02 M Tris-HC1 buffSr (pH 7.5) containing
0.15 N NaCI. After incubation 8 t 37 C for 30 =in the
reaction mixture was placed at 4 C for 5 h. The equivalent
amount of anticobrotoxin IgG was then adde, and the
preoipita~ee formed after incubation at 37 C for 30 =in,
then at 4 C overnight, were determined by the method
described in the text.
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APPENDIX 13-3

80-
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44"
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iNojL-precipitating antibody (?g)

Fig. 3. Inhibition of the homologous precipitin
reactions of cobrotoxin with purified precipitating
antibody by non-precipitating antibody.

Increasing amounts of non-precipitating antibody was
added to cobrotoxin (25 Pg) in 0.1 ml of 0.02 M Tris-HCI
buffer (pH 7.5) containing 0.15 M NaCI. After incubation
at 37°C for 30 min the reaction mixture was placed at 40C
for 5 h. The equivalent amountof purified precipitating
antibody was then adde and the precioitates formed after
incubation at 37 C for min, then at 4 C overnight, were
determined by the method described in the text.
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©,: 4

.I.

l it L 1 4jo

~a 2-f

0 50 10OO 150 200

Z1"fluent volume (ml)

Fig. 4. Gel filtration pattern of antibody prepara-
tions on Sephadex G-200.

The column was equilibrated with 0.02 M Tris-HCl
buffer (pH 7.5) containing 0.15 M NaCI to a constant
height (2 x 82 cm). The same buffer solution was used
as an eluant and 5 ml fractions were collected at a rate
of 25 ml/h.

-. Non-precipitating antibody
0----O Precipitating antibody

''FI of non-precipitating antibody
P---A FI of precipitating antibody
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