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PROOF OF 11.10EPENDEi*!cY OF Two ANTIGENic SITES

IN EGG WHITE LYSOZYME

HAJIME FullO, MICHIKO IMANISHl, KIYOSHI NISHIOKA and
TUNEHISA AMANO

DCpartmcnt of Tmmunochemistry, Rescarcl, Institute for itIicrobial Diseases, Osaka University,
Yamada-kami, Suita, Osaka

(Received Iun. 26,1968)

UVMARY 'I'\\'o jinmunologically active peptides, one derived from the portion
from Cln" to A1a"' (peptide 7a) and the other froiTT the I. ;-and C-terminal region
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(peptide 17) of Itei\ egg \\'hite Iysozyme (HL), \\'ere tested in respect to their specifici-
ties in reactions \\ItIT rabbit antibody, prepared against ITative TTL.

BotlT peptides inhibited the prccipitin reaction bet\\'eelT I{L and HL antiserum.
A mixture of the two peptides \\, as in orc inhibitory than either peptidc alone.

The in dependency of the binding speciticity of cacl\ peptide cal\ be sho\^11 more
clearly by equilibriun} dialysis. One peptide \\, as acetylated \\, ith '4C-acetic anbyd-
ride and the efTcct of the other peptide upon its binding \\, as tested. The binding
of onc peptide by anti-HL antibody was I\ot influenced by the other peptide and orce

INTRODUCTION

Althougl} the higl\ serological specificities of
many, kinds of proteins ITave beeiT \\. ell estab-
lished, the nature and specificity of earclT antige-
nic determinant within a protein molecule Is
not fully understood. There is nTuclT informa-
tion available on the structures of proteins and
seems likely that the specificity of each deter-
minant in a globular protein consisting of a
single polypeptide chain \\, ould be different.
LAPRi, SLE and DURiEux (1957) emphasized this
possiblity and since then many attempts have
been made to prove it. Thus, CRUMPTON and
\ViLKiNsoN (1965) reported that a mixture of
peptides derived from apomyoglobin showed a
slightly higher degree of precipitation Inbibi-
tion than any one of the peptides alone.

\\'e also succeeded in isolating at least two

tiersa.

kinds of jinmunologically active peptide (SHINKA
at a/., 1962 ; SHINKA at at. , 1967. Fullo at at. ,
1968a) from HL by limited digestion with
pepsin. Fortunately these two peptides have
very similar association constants in the reaction
with purified HL antibody. Therefore we
could utilize equilibrium dialysis to test \\, bether
the binding of one affected that of the other.
it \\, as shown that the binding of each peptide
witll the corresponding antibody was inde-
pendent of that of the other peptide.

MATERIALS AND AllETHODS

I. Peptide 7" gild pept, de 77

The two peptides were prepared by the methods
described in our previous reports (SHINKA at o1. ,
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1967 ; Fullo at a/., 1968a).

2. PIOd!, ct, 'o11 of anti'sei a ajid Allyicnti'o11 of alit, 'body

Rabbits \\ ere jinmunized witlT chromatographically
purified HL, as described pre\. IOUsly (Fullo at a/.,
1968a). Rabbit anti-HL antibody was specifically
purified front pooled sera. The antibody was pre-
cipitated at the equivalence of eaclT serum witlT HL
and dissociated in 0.2 x acetic acid. HL was sepa-

rated fronT antibody on a Sephadex G-150 column
in 0.2 \ acetic acid. The details of this procedure

were given in a pre\, jous report (Fullo at a/., 1968a).
Only the 7S fraction of anti-HL antibody \\as used

for equilibrium dialysis

3. Q""nil'tatit'e illhibitioii of the pi ecJ>11/11 I enctio, I

Various amounts of peptide 7a or peptide 17 and
a mixture of botlt in 200 111 of 0.15 xi NaC1, 0.02 M
phosphate buffer (PBS), pH 6.0, were incubated at
37'C for. 30 min \\ith 100 111 of rabbit I-IL an-
tiserum (#P28). An equi\, alent amount of I{L in
20 1110f PBS, pH 6.0, wars then added. The mixture
were incubated at 37'C for I ITr and at 4'C for

2 da}, s. The precipitates were \\. ashed three times
with 1.0 ntl volumes of chilled PBS, pH 6.0. The
precipitates \\. ere dissol\'ed in 3 inI of 0.1 x NaOH
and left o\'einight at room temperature. The next
morning the opitcal density of the solution \\. as read
at 280 init. The decrease in the optical density at
280 in/t due to inhibitor \\as expressed as a precen-
tage of the optical density obtained in the absence of
inhibitor. All tubes were set Lip in duplicate.

as 4,000. Dialyis \\. as carried out at 10'C for at
least 36 hr

RESULTS

I. Piecj!bitdti'on inhz'61h'0" by peptz'de 7ti, pep-
tz'ofe 77 and both

The results of a quantitative inhibition test
by, peptide 7a and peptide 17 against the pre-
CIOitin reaction bet\\, eeli HL and HL antiseruum

#P28 are showiT in Fig. I.

4. F1'epai'"ti'o11 of 11-"Cl acetyl pepii'des

Peptide 7a and peptide 17 \\. ere acetylated with
11-"Cl acetic anhydride according to the method
described pre\. IOUsly (Fullo at a/., 1968a). The
11-"Cl acetylated peptides 7a and 17 \\, ere further
diluted with tite corresponding cold peptides for
equilibirum dialysis. The specific activity of the
11-L4Cl acetylated peptide 7a \\'as 265 cpm per 11g
and that of peptide 17 \\'as 446 cpnt per 11g.

5 . Eq!,,'"hi, 1,111 dialysis

This \\. as performed essentially according to the
method of KARusH and KARusH (1968). The de-
tails of the experiment o1t binding of peptide by purl-
fled HL antibody were given in a pre\, jous paper
(Fullo at a/., 1968a), the molar concentrations of

calculated taking the molecularpeptides
weight of peptide 7a as 5,400 and that of peptide 17

30
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FIGURE I Quantitative inhibitioiT of precipitin reac-
tion of HL and HL antiserum #P28 by two peptides
See text for experimental details

O InhibitioiT by peptide 7ao--

a Inhibition by peptide 178 ----

HL : 3.43 ,gN in 20 111, antiserum : 100 111 of Tab-
bit HL antiseruin #P28.

100

\\, ere

220

\\'itl\ peptide 7a, a maxial inhibitiolT of 18 I
was attained by addition of 114 11gN of the
peptide. But \\, ith peptide 17, maximal In-
hibition could not be attained under our ex-

perlmental conditions, although as high as 26%
inhibition was attained by addition of 3201igi*;
of the peptide. Generally more peptide 17
than peptide 7a \\, as ITecessarry to attain a
certain degree of inhibition.

If peptide 7a and peptide 17 reprcsent dif-
forent antigenic sites, the degree of inhibition
by a mixute of the two peptides should be the
sum of those attained by each peptide. The
results of an experimcnt o1T this are shown in
Table I.
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TABLE I Add^^ite Inhihittbn 61, taro peptz'des
agoz'"st the PIEcz'pail'" 72nctt'on bettceen HL and
HL drillseit4m #P28

Peptide 7a
added

(/, gN)

114

Peptide 17
addcd

(/, gN)

114

One peptide or a ntixturc of the two peptides in
200 111 of PBS, pH 6.0, was incubated at 37'C for 30
min wit1. 100 I!I of tindilutcd rabbit I{L antiscrum
#P28. The cquivalent amount of HL (3.43 ,!gN) in
20 111 of PBS, pH 6.0, \\, as added to each mixture
and mixtures \\. CTC Incubated at 37'C for litr and then
at +'C for 2 days

320

Inhibition

(90)

320

TIT fact, tl\e degree of inhibitioiT by both
peptides \\, as thc sum of the inhibitions by each
peptide singly.

2. Altit!!d/ effect of the I"o peptides 111,071 the
61'"di'"g of errc/I pepii'de by pinned dpiti'-HL
antibody

Anti-HL antibody #P28 was purinecl from
HL antiseruin #P28 by the method described
above. A summary of the results of equilibrium
dialysis experiments \\, ItIT peptide 7a and peptide
17 using purified anti-HL antibody #P28 are
given in Table 2.

The concentration of free peptide in equili-
brium dialysis \\, as estimated both by measure-
merit of "C and by Lowry's modification
(LowRY at at. , 1951) of the Foiln reaction. The
two methods gave essentially the same results
with both peptides. As can be seen in Table
2, purified anti-HL antibody #P28 contained a
fairly large amount of antibody fractioiT directed
to each peptide. In addition, the mean as-
SOCiation constants of binding of the two pep-
tides with the corresponding antibody fractions
were in the same order of magnitude.

Therefore the amounts of the one 11-'4Cl-an~
etyl peptide bound in the presence and absence
of cold peptide of the other kind were compared

TABLE 2 B, hd^^g of 11-'Cl acetyl p, PI!'d, by
puijjied rintz'-HL anta'604, # P28

18

26

38

Peptide

[I-"C] -a. "tvl
peptide 7a

IIJ'Cl-"cctyl
peptide 17

a Thc n, ean association constant (K, ) \\. as evaluated
graphicalIy (Scatcliard plot)
b Thc amount of antibody fraction directed to each
peptide was obtaincd graphicalIy by plottintr the
reciprocal of the amount of the peptidc in the svstcm
vs. bound peptidc taking the valcnq, of antibody as
two, and the molecular weight of antibody, , as 150,000

TABLE 3 erect of peptide 7tt on the 62nd^^!g of
11_uq_",, Ij, / p"pia'de 17 by onI, '-HL ant, '6.4,

K, "
(11mol. )

2.26 x 105

Contcnt" of
Anti-peptide

antibody
(q, )

I. 78 xiO'

12

Peptide 7:1

addcd boLind"

(in/, M) (in/, M)

47

o

20.2

40.6 I
60.8

A mixture of 95 nT/!xi of [I-"C]-acetyl peptide 17 and
201n/!A1 of the purified anti-HL antibody #P28
(MW. of "ntib, dy tak. n us 150,000) in I in I of PBS,
pH 6.0 \\. as dialyzcd against I inI of PBS, pH 6.0,
containing various amounts (0~60.8 inn\I) of cold
peptide 7a at 10'C

a Values were obtained in ail independent cxpcri-
merit in whicl\ binding of peptide 7a by the same
antibody preparation was measured

IIJ'Cl-a. .Iyl p. pride 17

bound relative %
(in/!M) bound

o

3.1

4.0

4.2

16.0

16. O

16.2

16.0

by equilibrium dialysis. Results are sho\\. n in
Table 3 and Table 4.

The binding of each peptide by the corres-
ponding antibody, fractioiT in anti-HL is not
changed by the presence of other kinds of
peptide.

This binding experiment was repeated using
another batch of anti-HL antibody (#P24) \\. ith
essentially the same results.

100

100

101

100
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TABLE 4 Effect of pepttde 17 on the binding of
IIJ'q-acetyl peptide 70 by anta'-HL anti'body

added

(in PM)

Peptide 17

boundtt

(in#M)

o

36.0

72.3

108.3

A mixture of 60.2 in"A-I of 11-"Cl-acetyl peptide 7a
and 20 in, !M of the purified anti-HL antibody #P28
in I in/, I of PBS, pH 6.0, was dialyzed against I in I of
PBS, pH 6.0, containing various amounts (0~108.3
innM) of cold peptide 17 at 10'C
a See footnote in Table 3

11-"Cl-Acetyl peptide 7a

o

11.5

15.0

15.9

bound

(in/, M)

4.10

4.06

4.10

3.88

relative %
bound

This indicates that the antibody population
reacting \\, ith peptide 17 did not react with that
of peptide 7a.

(MARUCK, 1961 : VALENTINE at a/., 1967 :
KLiNMAN at a/., 1967). Therefore quantita-
tive estimation of inhibition of precipitation
does not seem to be the method of choice.
Equilibrium dialysis could clarify at least two
points, i. e. the affinity of a fragment and the
amount of antibody fraction directed to the
fragment.

100

99

100

95

DISCUSSION

LapreSle suggested long ago that each antigenic
determinant in a protein might differ in speci-
ficity, but there is still no clear cut expermental
support for this. One reason for this may be
that physical separation of a determinant from
a protein molecule may cause loss of the original
affinity of the determinant. In addition, many
factors may influence the precipitin reaction

Actually peptide 17 inhibits the precipitin
reaction only when certain antisera were used
for the test, even though the presence of anti-
body directed to the peptide 17 in the anti-HL
antibody preparations was always detected by
equilibrium dialysis. These facts do not simply
mean that the affinity of peptide 17 for the cor-
responding antibody Is too low, when the

not inhibited becauseprecipitin reaction Is
peptide 17 still ITas an average association
constant of 1.78 XIO' against the corresponding
antibody.

Exact information on the structure of HL in
solution is not available yet, but if the three
dimenstional arrangement of its peptide chain
is something like that of crystalline HL (PHI-
LLiPs, 1966), then the two portions in the HL
molecule corresponding to peptide 7a and pep-
tide 17 are reasonably far apart spatialIy. As
a matter of fact there is still a possibility that a
fraction of antibody witl\ a relatively low, if
any, binding affinity for either determinant,
could escape detection.
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