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uMMARY Two Immunologically active peptides, peptide-8 (sequence 57-107) and
p, ptide-17 (sequenc, ^ I-27 and 122-129), were p"ep""ed f"om hen .gg **. hire

Iysozyme (HL). Consequently, two region specific antibody fractions, anti-8 and
anti-17 antibodies, \\, ere isolated from rabbit anti-HL antisera usin the two e -

tide Immunoadsorbent. Equilibrium dialysis showed that the K. * of the binding of
anti-8 antibody b\, "'I-HL was 9.8x 10' (M~') and that of the anti-17 antibody, \\. as
1.5xlO' (M~'). The heterogeneity index of a Sips plot of anti-8 antibody was 1.02
too5 and that of the anti-17 antibody was 0.97t0.02.

The anti-17 antibody, ITeutralized the enzymic activity of HL \\, ith coinparable
efficiency to that of the whole population of anti-HL antibodies using A1.1y^sodei7tt, 'ciis
was used as substrate, but it did not influence the enzymic activity of HL using hexa-
I\!'-acetyl-cliitohexaitol (R-6 mer) as substrate. On the other ITand, anti-8 antibod},
neutralized the enzymic activity of HL for both substi'ates. The relationship be-
t\\, een antibody specificitv and ITeutralization is discussed.
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INTRODUCTION

Enzyme proteins such as Iysozyme (Shinka ct
a1. , 1967; Fujio et a1. , 1968a, b) and Staphy-
IOCoccal ITUdease (Omenn at a1. , 1970a, b, c)
ha\, e been shown to have several antigenic de-
terminants. Thus, antibodies provoked against
a highly purified enzyme molecule consisted
of a variety of antibodies with different
specificities. Antibodies usually inhibit en-
A, mes, thougl\ in some cases they cause activa-

I Parts of this work were reported at the Symposium
on Tmmunochemistr^ in Japan (Tmanishi at al
1968, Fujio at a1.1969 and 1970) "rid at the 8th
International Congress of Biochemistr^ (Am ano
or ,I. 1970).

ti. n (P. 1100k, 1964; Sunuki at a1. , 1969). In
addition, their Gillciency of neutralization of
enzymic activities \, aries depending on their
specificities (Tmanishi et a1. , 1969a). Since
different parts of a protein molecule pia^ dif-
ferent roles in maintaining the functioi\ and
conformation of the protein, the most probable
explanation for the diverse functions of anti-
bodies is that they differ in antibody specificity.

A direct approach to this problem is to sep-
arate and characterize each determinant group
in an enzyme protein and antibody populations
with specificities directed to different restricted
areas of the enzyme molecule. This approach
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\^as first attempted in our laboratory (Fujio
et a1. , 1959; Fujio at a1. , 1962; Shinka at
a1. , 1962) and now detailed information on
the antigenicity of Iysozyme has been obtained
fronT man\, laboratories (Am on and SGIa,
1969 ; I\Iaron at a1. , 1971 ; Pecht at a1. , 1971 ;
Habeeb, 1969; Strosberg and Kanarek, 1970;
Bonavida at a1. , 1969; Young at a1. , 1970).

Two jinmunologically active peptides were
isolated from different regions of the Iysozyme
molecule and so two kinds of region specific
antibody fractions could be prepared using
these two peptide-jinmunoadsorbents. This
paper' ^GPorts the properties of the two region
specific antibodies, and espedally their be-
haviors in ITeutralizatioiT of Iysozyme activity.

A, IATERIALS AND AlETHODS

I. Piconint, 'o11 of actit, e peptides 8 find 17

Six times crystalIized HL was obstained from
Seikagaku-Kogyo Co. Ltd. HL \\'as digested with
pepsin for one ITou^ and active peptide-8 and
peptide-17 were isolated by Ci\I-cellulose chromato-
graphy and by gemltratioit on Sephadex G-50 as
described before (Fujio at a1. , 1968a). Peptide 8
\\'as highly purified by repeated chromatography on
C\, I-cellulose to remove a trace of intact Iysozyme

3. Q, ,o11t, 'trim, , p, ec, >Jini I enct, '0, ,

The procedures Lised were essentially those of

Heidelberger and Kenda11 (1935) except that the
reaction \\, as carried out in the presence of 0.01 xi

EDTA, instead of heating the antisera, to avoid
complement fixation.

4. 11,111,111iondso, be"ts

BTOmoacetylcellulose (BAC-cellulose) \\'as pre-
pared b} the methods of Robbins at a1. (1967).

Approximately 200 nTg of peptide-8 \\, ere coupled
to 900 ing of BAC-cellulose at pH 4.6 and 50 n\g
of antibody directed to peptide-8 (anti-8) could be
eluted with 0.1 N acetic acid at 37 C. T\\'o It undred

and eighteen rug of peptide-17 coupled to 1.4 g of
BAC-cellulose at pH 8. This amount of irumunoad-
sorbent can also bind approximately 40 ing of anti-
body directed to the regioit of peptide~17 (anti-17)

Sepharose-irumunoadsorbents were also prepared
by the methods of Omenn, Onties and An finseit
(1970c). Fifty ing of peptide-8 coupled to 15 inI of
Sepharose 4B (\\'et volume) in 0.1 M sodium phDs-
phate buffer, pH 7.0 and 40 ing of anti-8 could be
e!uted \\. ith 0.1 x acetic acid at 37 C. Sixty ing of
peptide 17 coupled to 15 ntl (wet volume) of Se-
pharose 4B in 0.1 xi sodiunt phosphate buffer, pH
6.5 and 57 ing of anti-17 could be eluted \\, itIT 0.1 \
acetic acid at 37 C. Antibodies \\, ere allowed to

react with jinmunoadsorbents in the presence of
0.01 xi EOTA at 4 C. Then the}, \\. ere \\. ashed \\'itit
2 niti phosphate, 0.15 A1 NaC1, 0.01 xi EDTA,
pH 80 (EDTA-PBS) till the optical density (;.=
280 in14) of the fluid became less tlian 0.01. 111 the
case of BAC-cellulose, antibody was eluted b}
incubating the adsorbent in 0.1 N acetic acid at 37 C
for I hr \\, ith stirring. Sepharose-jinmunoadsorbent
\^as used in a column and antibody \\, as Gluted b}
pumping 0.1 N acetic acid through the column (10
inI per hi. \\, ith columns of 2 cm diantetei) at 37 C
EILiate with all optical density (I=280 in14) of nTore
than 0.01 \\, as collected

2. Prodt, ctioi, of aliti'sei'n

Six times cr\. stallized HL \\as further purified for
HL was chromatographed on SE-immunization.

Sephadex C-25 in 0.2 xi sodiunT phosphate buffer,
pH 7.16 at 25 C. The main peak obtained from the
first chromatograph passed through QAE-
Sephadex A-25 in 0005 xi sodium phosphate buffer,
pH 8.0 to remove a trace of acidic components of
egg-white. Two ing of a highl}, purified HL
preparatioit \\. as injected \\'ith complete Freund's
adjuvant into a rabbit. Booster doses of 2 rug
HL \\. ere given every, five \\'eeks, the last injection
being given after 20 weeks. Blood \\. as taken 7
and 9 days after the last injection and animals \\. ere
exsanguinated 11 days after the injection. All
rabbits produced Iysozyme antibody and antisera
contained 3 to 5 ing of antibody per in I estimated
b\' the precipitin reaction. The antisera of 25
rabbits \\'ere pooled and the lipid component \\. as
removed by ultracentrifLigation before further
purification

\\. as
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5. 111h, bitio, I of e, 13y, ,, IC actiwty by antibody

Inhibitions of tl, e enzymic activity of Iysozyme b}.
various antibody fractions were measured \\. ItIt
either IPI. Iysodei'All'ci, s or Itexa-N-acetylchitohexaitol
as substrate as described in our previous reports
(Fujio at a1. , 1968a; Imanishi at a1. , 1969a, by

Increasing amounts of antibody fraction \\, ere ad-
ded to a constant amount of enzyme and the \, o1ume
was adjusted to 2 in I with 0.02 M sodium phosphate,



0.15 xi N"Cl, pH 6.0 (PBS, pH 6.0) in the case of
A, /. 11.30dei'At, 'c!, s and to 0.8 inI \\. ith 0,025 xi sodium

dieth}'Ibarbiturate-HC1,0.1 xi :\!aCl, pH 6.0 in the
case of R-6 mer. T\\ o in I of A1. Iysodei'All'ci, s
suspension (2.4 ing) or 0.2 in I of R-6 iner (300 Ag)
\\'ere added to TITc enzvme-antibod\. mixture after

preincubation at 37 C for. 30 min. The residual

activity' \\as measured by incubatioit at 37 C for 5
min lit the case of IV/. Ij, sode!'AtI'ci, s, and for 30 min
in the case of R-6 mer. The decrease in catalytic
activit\. of the enzyme due to antibody is expressed
as a percentage of the catalytic activity of the enz\. me
in tl, e absence of antibody. Purified anti-HL anti-

bod}' \\'as also prepared as described pre\'jousl\
(FLijio at a1. , 1968a). HL was added to rabbit HL
antiserum in the ratio of equi\, alence in the presence
of 001 M EDTA. The resulting specific precipitate
\^as thoroughly washed \\, ith EDTA-PBS and dis-
SOCiated by treatment \\ith 0.1 N acetic acid. The
anti-HL antibody was separated from HL on a
Sephadex G-150 column saturated \\. ith 0.1 x acetic
acid

Normal rabbit ;'-globtilin (NRr) \\'as also prepared
for it control experiment. Normal rabbit serum was
adjusted to half saturation of ammonium sulfate at
O C. The precipitate was dissolved in deionized
\^ate^ and fraction ated on a column of Sephadex
G-150 saturated \\. itIT EDTA-PBS. The 7-S

traction \\, as collected and Lised as NR;'.

7. EQi, ,'fibr, ',,,,, d, hb, SIS

A micro-dial\ sis cell like that described bv Eisen

(1971) *vas used. Fifty A1 of I x 10~' to 4.8 110~'
xi 1251_HL solution was put into one coinpartnTent
of the cell and ait equal volume of purified anti-8
or anti-17 was put into the other compartment
TITree to 5 ing per in I of purified antibody solution
were Lised and the molar concentration was calculated

taking the molecular weight of antibody as 150,000
The solvent \\. as PBS, pH 6.0

Gel-cellophane, Lised as a semipermeable me in-
brane, \\, as obtained from Dai-SerLi Co. Ltd. (Fujio
at a1. , 1968a). Tlle cell was rotated at 5 re\.!min
in a water batlT at 10 C for 24 hr and equlibriunT of
1251-HL \\. as attained within 24 hr at 10 C. Tweitt\.-

five F1 allquots \\'ere taken from botlT compartments
of the cell and the concentration of antigen was
estimated by counting re'I. Values for binding
were calculated from the equation

TIC = nK, \-rK\

where n is the valence of the antibod>,, r the nToles
of antigen per ntoIe of antibody, c the concentration
of free antigen and K \ is the association constant
(Karush and Karush, 1971)

The heterogeneity index, a, of K\ \\as also cal-
CUIated using SIPS equation

I, g I, Kn-,)l = n I, g " +a I. g 1<,

6. Rndronciibe label/^, Ig qf ftpti'of, s n, !of of HL

Peptide-8 and peptide-17 were labelled \\. ith a
2 or 3 molar excess of ''C-acetic anIlydride (DanclTi
Chemicals Co. Ltd. , 45.5 ntcjm ntoIe) in dimeth\I-
sulfoxide at 20 C for I hr and purified by passage
through a Sephadex G-25 columiT (3 x 150 cm) in
10n acetic acid (vjv). Conditions \\. ere adjusted
to pro\, Ide about one acetyl group per mole of petide

Radioactivity of '"C-acetylpeptides was measured
by adding 100 A1 aliquots of samples to 4 ntl of
scintillator litiid (10 in I of Bio-solve BBS-3, a
product of Beckmann, mixed \\itIt 90 inI of toIueite
colttaining 4 g of FFO) Lising a Beckman LS-200B
Liquid Scintillation COLInter

HL \\ as labelled wit1\ 1''1 b\ tlTe iodine nTono-

cltloride metl, od of MCFarlane (1958). The condi-
tions \\'ere adJusted to attain one atom of iodine per
mole of F1L. The coiTcentratioi\ of U' I-HL was

mensui'ed Lising 25 A1 aliquots in a Packard NIOdel
3002, Tricarb Scintillation SPCctrometer

\\. Ilere 1<0 Is tl\e mean association constant

8. AJI^^cella, Ieoi, s Inclhods

The concentrations of peptide, HL and purified
antibodv were determined b\, the biuret reaction

(Kahnt and Marer 1961). The bluret reactioit of
each protein was standardized \\. ith a solution of
each protein in \\hiclT tl. e nitrogen ITas been deter-
mined by the 1<jeldahl-Nessler method (Yokoi and
Akashi, 1955)

RESULTS

I. Piepni'atIons of leg, 'o11 specific n"1160dies
Initially, bromoacetylcellulose was used for

the preparations of region specific antibodv
fractions. As described A1aterials andIn

I\, lethods, peptide-Sepharose jinmunoadsor-
bents can bind + to 5 times more antibody than
peptide-cellulose adsorbents at a given level of
the bound peptide. Therefore in later ex-
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perlments, peptide-Sepharose jinmunoadsor-
bents \\, ere mainly used. Some experiments
were carried out with both adsorbents and

essentially the same results \\, ere obtained.
First the effect of acid treatment on the

binding activities of anti~8 and of anti-17 was
studied, because acetic acid was used through-
out Gluting antibodies from jinmunoadsorbents.
Anti-8 and anti-17 were first Gluted with the

respective peptide solutions, as in the hapten-
antibody system. Then, these antibody frac-
tion \\, ere treated with various concentrations

of acetic acid, the binding capacities of the acid
treated antibodies were compared with that of
antibodies eluted with peptide.

In a typical experiment, 100 inI of rabbit HL
antiserum containing 3.0 ing!inI of precipitable
antibody were passed through a peptide-8-
Sepharose column consisting of 109 ing of
peptide-8 coupled to 30 inI (wet volume)
of Sepharose. The column was thoroughly
washed \\, ith EDTA-PBS at 4 C. Then the
column was \\, armed to 37 C and the anti-8

antibody was eluted with 6.5 inI of a 1.4x 10~3
M solution of "C-acetyl peptide-8 at 37 C.
The column was further \\, ashed with EDTA-

PBS. A similar experiment \\-as carried out
using peptide-17-Sepharose. The amount of
antibody protein in each eluate was measured
with goat anti-rabbit IG antiserum. The
eluates \\, ere pooled and concentrated by
pressure dialysis. The concentrated antibody
solutions were diluted with EDTA-PBS and

pressure dialysis were repeated three times.
Finally, each antibody preparation was passed
through " Bi. -Gal P-200 coinmn (3 x 90 cm)
in EDTA-PBS at 25 C to remove the peptide
more completely.

Only 0072 mole of peptide-8 and 0.10
mole of peptide-17 per mole of antibody were
detected by measurement of radioactivity.
The contents of anti-8 and anti-17 were cal-

CUIated by the Kjeldahl-Nessler method and
by measurement of radioactivity after the
second pressure dialysis and found to be 0,324
ing and 0,326 ing per inI of serum, respectively.
NO U\I adsorbing materials could be detected

in the eluate from either peptides-Sepharose
column on further Glution with 1.0 N acetic
acid.

The anti-8 and anti-17 antibody preparations,
which were isolated under the very mild con-
ditions described above, were each divided into
three portions. The concentration of acetic
acid in the first portion of each antibody was
adjusted to 0.1 N and that in the second was
adjusted to 1.0 N. The protein concentration
of each antibody preparation was 0.5 rug!inI.
These preparations were incubated at 37 C
for I hr. During purification of the antibody
by jinmunoadsorbents, it was noticed that loss
of antibody protein due to acid denaturation
can be minimized if the antibody protein is
first dialyzed against buffer of low ionic strength
and then against buffered physiological saline
Bibrk and Tanford (1971) reported similar
conditions for Tenaturation of the heavy chain
of rabbit IG. Therefore, the antibody protein
Gluted \\, ith acid was first dialyzed against
100 volumes of 0.01 N acetate buffer, pH 5.5
for three days with two changes of buffer and
then against PBS, pH 6.0, by the method of
Bib"k and Tanf, "d (1971). Th. thi"d p. "ti, n
of each antibody preparation dialyzed
directly against PBS, pH 6.0.

The 6 preparations of antibody \\, ere con-
centrated to approximately 3 ing per in I by
pressure dialysis. Then binding experiments
with 1251-HL were carried out by equlibrium
dialysis. As seen in Table I, 0.1 N acetic
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TABLE I. The effect of act'd treatment on the
hindthg properItes of rnbhit antz'-HL antz'body,
lyrictt'oars

\\, as

Fraction of I
anti-HL I ~~~
antibody II ( Control)

Anti-8

Anti-17

a Binding of various antibody preparations by 1251-
HL \\, as examined at 10 C in PBS, pH 6.0. For
details see text

KA" (M-,,
after treated \\. itit

I 2.4xios
I. 5 x 105

0.1 N Acetic I 1.0 \ Acetic
acid I acid

I. 5 XIO'

I I x 105

O. 92 XIO'

O. 32 xiO'



acid did not Influence the binding properties of
either antibody. The K\ of anti-8 antibody
whicl\ had been treated with 0.1 N acetic acid
appeared slightly lower than that of the control,
but it was within the range of error of the
method used. However, treatment \\, ith 1.0 x
acetic acid definitively decreases the K, \ \, alues
of botl\ antibody fractions. Fortunately almost
all the anti-8 and anti-17 antibodies \\. ere

eluted \\, ith 0.1 x acetic acid and usually no
protein could be eluted in the eluate with 10 N
acetic acid after elution \\, ith 0.1 N acetic acid.

Therefore, all the antibody fractions used in
the following experiments \\, ere prepared bv
elution witlT 0.1 N acetic acid.

? Bi, Idzhgs of nitii'-8 rind drill'-/7 dpiti'60dits by
1251-HL

T\\. o kinds of region specific antibodies were
separated using peptide-Sepharose jinmuno-
adsorbeilts as described above. These anti-

bod\, fractions did not give aru, me asurable
precipitates \\, hen mixed \\, ith HL. There-
fore, the antibody activity of these preparation
was first tested by direct binding experiments
using equilibrium dialysis.

Fifty, 1.1 of anti-8 antib, dy (4.5 ingjml) or
anti-17 antibody (3.6 inglml) \\, ere put into one
compartment of a dialysis cell and equal
volunles of \, arious concentrations (1.0x 10-a
to 4.8x 10~'itI) of 1251-HL were added to the
other compartment of cells. Both antigen and
antibody, \\, ere dissolved in PBS, pH 6.0. The
cells \\, ere rotated at 10 C for 241\r. The

specific activity of the "'1-HL used in this
experiment was approximately 10' countjmin
per 10~D mole of HL. A1quots were taken
from each compartment of the cells and counts
were made in a Packard auto-gamma counter.
At least 1,000 counts were recorded for each
Sample. The amounts of bound HL was
calculated from the difference in the counts

in the two compartments.
Results are shown in Fig. I. ScatclTard

plots of the two antibody preparations both
gave straight lines. The association constant
of the anti-8 antibody \\, as calculated as 9.8x

104 (\-I~') and that of anti-17 antibody \\, as
1.5xlO' (M~'). Sip^ pi, ts of thus. binding
data \\, ere also made by the method of Karush
(1962) and are shown in Fig. 2. The het-
CTogeneity Index, a, of the association constant
of anti-8 antibody \\, as 1.02t0.05 and that of
anti-17 antibody was 0.97t0.02.

kilost of the antibodies produced against
protein antigens are bdieved to recognize the
conformations of intact preteins (CTumpton
at a1. , 1966; Sela 1967). Therefore, it seemed
Interesting to see the differences between the
binding of these region specific antibodies by,
the corresponding peptides and by intact HL.

\'o1umes of 25 A1 of \, arious concentrations
of peptide-8 or peptide-17 and 25 111 anti-8 or
anti-17 antibody, were put into one coinpart-
merit of a dialysis cell and 50 PI of "51-HL
(a. 3xlO~' AD were added to the other

compartment. Cold HL \\, as also mixed \\, ith
the respective antibody solution and dialyzed
against "'1-HL solution. Allquots of 25 41

taken from both compartments for
counting

The association constant of the inhibitor,
K, , \\. as calculated from the equation,

(rjr' -I)(I+K, *c)

were

(1)

where I Is the concentration of inhibitor, r the
moles of antigen bound per mole of antibod\,
in the absence of inhibitor, and r' is the moles
of antigen bound per mole of antibody in the
pus. ne. of inhibit, " (Km. ush, 1956). T"bl.
2 shows that the 1<, of peptide-8 is approxi-
mately one fifth of that of intact HL and then
K, of peptide-17 is about one tenth of that of
Intact HL.

These differences between the 1<, values of
the peptides and intact HL in^, be due to a
conformational difference between the isolated

peptide and the corresponding portion of the
intact molecule or to the defect of the additional

portion of the HL molecule other than the
isolated portion. The K, of unlabelled HL
is similar to the K, of T251-HL. This suggests
that the values of K, calculated using 10dinated

K, -

Fullo, H. at al. Plopeit, 'es of legion specific anti'60dibs to Iysosyme 399



HL are close to the value given on reaction
with intact HL.

On the other hand, peptide 17 did I\ot

15.0

*

o
F~

X
U
\.
L-

100

A

50

2.0

"

o
.-,

X

, 1.0
.-

inhibit the binding of L251-HL by anti-8
antibody, and peptide-8 did not influence the
binding of "'1-HL by anti-17 antibody. This
confirms that the specificity of the antigenic
determinant involved in the peptide-8 region
is independent of that of the peptide-17 region,
as reported previously (1968b). This finding
also proves that the purification procedure used
to separate the region specific antibody frac-
tions in this work is satisfactory.

TABLE 2. Inhibitt'on of the bzhdrngs of 1251-
HL to legz'on spec#IC antt'60dz^s by taro octtte
peptzdes

B

FIGURE I. B, ', Id, >, g of pi, rifled I'eg, 'o11 specific o11ti-
boates by "'I-HL at 10 C: mill'-8 ant, 'body (4.5
lingj?, 11), B: anti-17 alitibody (3.61, gill, I), , : 1,101es
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11'at ion of 11 ee "'/-HL (M)
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3. ,\rewti. air;gritz'ON of the e, ,zy, ,11'c nctibz'ty^ of HL
by the ,'egt'0" IPecjjic a, It!'body fractions

The specificity of one of the antibody, popu-
Iations in the rabbit HL antiserum is directed

to the region of 57 to 107 (peptide-8) and that
of the other is directed to the region of I to
27 and 122 to 129 (p, ptide-17) of th. ,mine
acid sequence of HL. Thus it seemed interst-
ing to compare the behavior of the two distinct
populations of antibodies in ITeutralization of
Iysozyme activity. The same preparations of
anti-8 and anti-17 antibodies \\, ere used as in

binding experiment, and their effects on the
enzymic activity of HL were examined. Fig.
3 shows the inhibitory effects on the Iytic
activity of HL by anti-8 and anti-17 antibodies
witlT AJI. ly, sorter'All'CMs as substrate. For coin-
parison, purified anti-HL antibody, \\, hich
supposedly contains the whole population of
antibodies directed to HL, \\, as also tested.
The enzymic activity of HL was ITeutralized
9011 by addition of an equimolar amount of
anti-17 antibody. This is coinparable with
the inhibition caused by the \\, hole population
of HL antibodies.

Fig. 4 shows the inhibition of 3-I, + I. ;-
acetyl-glucosaminidase activity of HL by the
two antibody fractions with hexa-N-acetyl-

chitohexaitol as substrate. Anti-8 antibodv

inhibited the N-acetvl-glucosaminidase ac-

tivity of HL, but the anti-17 antibody did not
influence the enzymic activity at all \\, hen the
small sized substrate \\, as used, although the
same preparation of anti-17 antibody inhibited
the Iytic activity of HL \\, ith 111gh efficiency.

These results are consistent \\, ith the picture
obtained by X-ray crystallographic analysis of
the complex of HL and chitin oligosaccharide
(Phillips 1967). According to the proposed
mechanism, peptide-8 is located closed to the
area of the binding site for a small substrate,
whereas the region coi'responding to the area
of peptide-17 is not related to the binding site
for small substrates or the catalytic site of HL.
\ormal rabbit I. -globulin was also Lised as a
control. NRj did not infiLience the enzymic
activity of HL for either substrate, as shown
Figs. 3 and 4.
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DISCUSSION

In discussing the efficiency of neutralization of
biological activity of macromolecules by a
humoral antibody, the significance of the
specificity and the affinity of the antibody, are
always mentioned. Recently, some evidence
was obtained suggesting the significance of the
specificity of the antibody in neutralization
(Amon at a1. , 1967; Imanishi at a1. , 1969a).
But it was not possible to obtain direct evidence
of a correlation betweeiT specificity of the
antibody and its effect in neutralization, because
of the complexity of the specificities of anti-
bodies provoked against a biologically active
macromolecule. For the same reason, there is
little information on the affinity of different
antibody populations directed to specific
regions of a macromolecule.

Isolation of jin-Difficulties may arise In

in unologically active peptides, it the function
of the determinant group in the protein is
dependent only on the conformation. Never-
thless, active fragments ha\, e heelT isolated
from man^ proteins (CTumpton and \\!11kinson,
1965, At assi at a1 1968 and 1970; Omenn at
a1. , 1970a, b, c).

In our studies differences between the K,

values of each antibody with the peptide and
with the intact molecule may reflect conforma-
tional changes occurring on isolation of the
peptides from the whole molecule.

Sofa and his colleagues also succeeded in
isolating an active peptides which corresponded
to the region of 60 to 83 of HL (Sela and
Amon, 1969; Allaron at a1. , 1971). This
unique peptide forms the loop and its confor-
mation seems to PI^, a role in jinmunological
archity (Perht at a1. , 1971). Th, binding
characteristics of the loop peptide were also
reported recently. The ITomogeneity of the
binding of peptide-17 was reported in our
previous paper (Fujio at a1. , 1968a), and the
association constants of the bindings of HL by
both anti-8 and anti-17 antibodies were also

reported (Fujio at a1. , 1969). Is agholian and
Brown also pointed out the highly restricted

heterogeneity of the 1<.* of the active peptide
of oxidized pancreatic ribonuclease with the
.. rr, ^p. riding antib, dy (1970). Th. nan^".**
range of K. \ for the binding of angiotensin by
the corresponding antibody, which was provoked
by, the injection of angiotensin-polylysine con-
jugate, was also reported by Haber at al. ,
(1967). Therefore, the homogeneity of the
association constants of the antibodies directed

to restricted region of protein antigen seems
to be a fairly general phenomenon. Neverth-
less, the electrophoretic heterogeneities of
such antibody preparations are still apparent,
us will b, rep. rt, d later. (Satat. at a1. , 1971).
It is uncertain whether this 1<1nd of heterogenitv
is related to the structure of the active region
of the antibody simply reflects the hetero-
geneity of a region other than active site. The
close similarity in the binding characteristics
suggests that the latter possibility is more likel\,.

The mechanism of neutralization of enzymic
activity by an antibody was thoroughly discus-
sed by Cmader (1967) and more recently by
Am on (1971). Am on at a1. , (1968) also reported
the roles of antibody fractions in anti-HL anti-
bodies in I\eutralizatioi\ of the catalytic activity
of HL. In our studies, when a large sized
substrate \\, as used, both region specific anti-
bodies neutralized the enzymic activity, and
one of the antibody fractions inhibited the
enzymic activity as much as the whole popula-
tion of anti-HL antibodies. This suggests
that aggregate formation is not a prerequisite
for ef{ICiency in neutralization of an enzyme by
its antibody. The significance of the specificity
of antibodies in neutralization \\, as clearer using
a small sized substrate. Anti-8 antibody, the
specificity of which Is supposedly directed to
the region of the binding sites for substrate,
neutralized the enzymic activity. On the other
hand, anti-17 antibody, the specificity of \\, hich
is supposedly directed to a region which is
not essential for enzymic activity, did not
neutralize the enzymic activity.

In addition, we must emphasize that even
with a small sized substrate, the special frac-
tion of anti-HL antibodies, \vhiclT \\, as isolated
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by, dissociation of specific precipitates with a
competitive Inhibitor to enzyme, has even
higher neutralization activity than tlie whole
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