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SUMMARY

Duck and hen egg white lysozyme (DL and HL) were purified to the same degree. The homo-
geneity of the preparation from duck was proved by ultracentrifugation and gel diffusion experiments.
Its methyl ester (DLME) was prepared and shown to inhibit hen and duck lysozymes competitively.

The immunological cross reactions of hen lysozyme, the methyl ester of HL (HLME), DL and
DLME were studied by the quantitative precipitin reaction and neutralization of the two lysozymes,
using their four antisera. The three heterologous antigens cross reacted with the four antisera in the
precipitin reaction.  In the cross reaction of DL with HL-antiserum and also of HL with DL-anti-
serum it was found that at least two antigenic sites are common to both antigens and at least two
antigenic sites are specific for each antigen. By comparing the reactions of DLME and DL with
DL-antiserum, DLME was shown to have lost only one of the antigenic sites of DL during methyla-
tion. This is also true of the antigenic sites of HLME in comparison with those of HL.

With regard to neutralizing antibodies, it was shown by studies on a special batch of HIL.-
antiserum, that some HL-non-neutralizing antibodies can cross-neutralize DL. Four fractions of
ncutralizing antibodies of pooled HL-antisera were distinguished by absorption experiments, Frac-
tions Aup and Cgp were classified as HL- and DL-neutralizing antibodies. Fraction By was shown
to be specific for HL only and fraction Ep was assumed to be HL- non-neutralizing but DL-cross-
neutralizing. The neutralizing antibodies of the other three antisera were also distinguished into
fractions.

INTRODUCTION

The immunochemical nature of hen egg white lysozyme has been studied in
this laboratory for several vears. Studies have been made on the different speci-
ficities of the antibodies (Fujio et al., 1959) as well as on the behavior of lysozyme
in immunochemical reactions (Shinka ¢t al., 1962). In our first paper it was
reported that HL-antiserum contained two kinds of neutralizing antibodies of
different specificities, the one bzing absorbed by the methyl ester of HL and the

The flollowing abbreviations arc used in this report:  hen egg white lysozyme (HL), duck egg white
lysozyme (DL), methyl ester of HL. (HLME) and methyl ester of DL (DLME).
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other not. However in this work it was uncertain whether all the antibodies elicited
by HL in rabbits could neutralize HL. This problem was partially solved, as
reported in our second paper, for it was demonstrated that in some batches of HL-
antisera not all HL antibodies were neutralizing. In the present work duck egg
white lysozyme was purified and its methyl ester was prepared. The immunolo-
gical cross reactions of HL, HLME, DL and DLME with the four respective an-
tisera were studied by the quantitative precipitin reaction and by neutralization
of HL. and DL.

MATERIALS AND METHODS

1. Hen egg white [ysozyme

HL was prepared as described in our first report (Fujio et al., 1959).

2. Lysozyme methyl esters

Methyl ester derivatives were prepared according to the method of Fraenkel-Conrat (1945) and
Frieden (1956), as described in our first report.

3, Antisera

The immunization schedule and the preparation of antigens in incomplete Freund’s adjuvant
were as described in our first report. Each batch of antiserum from a single rabbit, was tested for
the presence of an equivalence zone, and homologous antisera showing the immunological homoge-
neity were pooled. A special batch of HL-antiserum from a rabbit (LF-32) was also used in this
study. In this paper when the batch number is not specified, pooled HL-antiserum was used. ~After
inactivation at 56°C for 30 minutes, serum lysozyme was removed by bentnite (Wako Pure Chemi-
cals, Lot No. 77CD 74254) according to the method of Inai and Kishimoto (1958) and then stored
at —20°C.

4. Quantitative precipitin reaction

The quantitative determination of precipitated antibody nitrogen in antiserum was made as
described by Heidelberger and Kendall (1935). The antigen nitrogen and precipitated antibody
nitrogen were determined by the modified direct Nesslerization method (Yokoi and Akashi, 1955).

5. Direct Nesslerization for determination of protein nitrogen
g

The procedure used was essentially as described by Yokoi and Akashi.  The standard curve made
by this modificd method was linear up to 120 ug N. The experimental error was within +2.0

ug N.
6. Determination of lysozyme activity

The M. lysodeikticus suspension used as substrate in these experiments was prepared as described
by Smolelis and Hartsell (1949). Prior to the assay, a cell suspension was prepared from UV irradiat-
ed and lyophilized cells in M/15 phosphate buffer at pH 7.0. This bacterial suspension was adjusted
to an extinction of 1.08 at 540 my using a Beckman specirophotometer. A standard curve for
lysozyme activity was obtained as follows: 2.0 ml of saline containing varying amounts of lysozyme
(0.1 to 1.0 ug N) in M/50 phosphate buffer, pH 7.0, were mixed with 2.0 ml of the bacterial suspension
and the mixtures were incubated at 30°C. After 13 minutes, the turbidity was estimated and the
reduction in turbidity was plotted against the logarithm of the lysozyme concentration. A straight
line was obtained between 0.1 and 1.0 ug N of added lysozyme. To determine the lysozyme activity
of a sample, 2.0 ml of the sample was added in place of the standard solution of lysozyme.
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7. Assay of neutralizing antibodies in antisera and in the supernatants of the precipitin reaction

Serial 1:2 dilutions (1:1, 1:2, 1:4, 1:8 and 1:16) were made from 1.0 ml of the supernatants or
antiscra and 0.5 ml volumes were put in each tube. One ml of lysozyme solution (1 ug N per ml) and
0.5 ml of buffered salinc were added to the tubes, which were then incubated at 37°C for 30 minutes
and at 2°C overnight. "Two ml of bacterial suspension was then added.  As controls, two additional
series of serial dilutions were made.  To one series of tubes 1.0 ml aliquots of M/50 phosphate buffered
saline was added in place of 1.0 ml of lysozyme solution. After the incubation, bacterial suspension
was added to cach tube. To the other series, 1.0 ml aliquots of lysozyme solution were added and after
the incubation, 2.0 ml of M/15 phosphate buffer was added in place of the bacterial suspension.  All
the tubes were incubated at 37°C for 13 minutes and the reduction in bacterial density was estimated
in the experimental and the first control series. The turbidity was estimated in the tubes of the
sccond control series. From the value of the reduced optical density of the experimental tube the
optical density of the corresponding tube of the first control series and the turbidity of the correspond-
ing tube of the second control series were subtracted.  From the corrected values for the reduction
in bacterial density, the concenration of unneutralized lysozyme in the experimental tubes was cal-
culated, using a standard curve of HL or DL. Thus the [ree lysozyme concentration could be plotted
against the corresponding dilution factors. The result was approximately linear except at very low
values. The linear portion of the plot was extrapolated to the abscissa. The dilution of the sample
at the intercept was regarded as that which completely neutralized the added lysozyme. One unit of
lysozyme antibody is defined as the amount which can neutralize 0.1 ug N of lysozyme. Therefore,
the neutralizing antibody remaining in 1.0 ml of the supernatant was calculated as follows:

ug N of lysozyme % dilution factor x 1/0.1 ug N x 1.0/0.5
Usually the supernatants of the precipitin reaction had a volume of 2.0 ml. Therefore, the value was
doubled when the total amount of neutralizing antibody in the supernatants was calculated.

8. Gel diffusion experiment

Ouchterlony’s double diffusion technique was employed.  Difco agar was dissolved to give a 1
per cent solution in M/50 phosphate buffered saline, pH 7.0, containing 0.01 per cent merthiolate.
The distance between the wells was approximately 1 cm.

9. Ultracentrifugal analysis

A Spinco model E ultracentrifuge was used. The centrifuge was rotated at 20°C.

RESULTS

L. Purificalion and nature of duck egg while lysozyme

As the lysozyme content of duck egg white is very low as compared to that of
hen egg white (about 1/10), DL was first concentrated by adsorption-elution with
bentnite according to the method of Alderton et al. (1945). The concentrated
solution was fractionated by ammonium sulfate and further purified by IRC-30
(GG-50) column chromatography in the same way as HL (Hirs ef al., 1953).

One liter of fresh duck egg white washomogenized, filtered through gauze and added to an equal
volume of | per cent bentnite suspension (Wako Pure Chemicals) containing 1 per cent KCI. The
mixture was stirred for 15 minutes and then centrifuged at 3,000 rpm for 30 minutes. The bentnite
was washed three times with 1 1 of 0.5 M phosphate buffer, pH 7.5, and then three times with 1 1 of
5 per cent pyridine solution at pH 9.2.  Then the DL was cluted with 900 ml of 5 per cent pyridine
solution at pH 5.0 (adjusted with conc. H,SO,). The clution was completed within 24 hours. To
the cluate was added solid ammonium sulfate to a concentration of 2.6 M and the mixture was kept
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at 5°C overnight. The precipitate was dissolved in a small amount of water and dialyzed against water
in the cold for five days using a cellophane membrane from a selected batch. The dialyzed solution
was centrifuged and the supernatant was lyophylized.

The crude material was further chromatographed on an IRC-50 (GG-50) column (10 x 30 cm)
equilibrated with 1/5 M phosphate buffer, pH 7.8, containing 0.01 per cent merthiolate. A volume
containing 2.7 g of protein were applied to the column and eluted with the same buffer at a rate of
96 ml per hour at 22-25°C. The eluate was collected in 16 ml fractions. The protein content of each
fraction was determined by the Biuret reaction and the optical density was read at 555 my in a Beck-
man spectrophotometer. Results from a typical chromatogram are shown in Fig. 1.

0.10}

0.051

Biuret Reaction {O.D.at 555mu)

L . . .
200 300 400 500
Tube No.

100
Fig. 1. Chromatography of Crude DL Preparation

As can be seen, three lysozyme fractions were found and fraction G was the
main component. The main component was lyophilized, after dialysis against
water. It was rechromatographed on a 1.5 X 34 cm column of the same resin in
the same buffer. A volume containing 28.4 mg of protein was applied and the
flow rate was 4.5 ml per 1 hour. Fractions of 3 ml were collected. The con-
centrations of protein and lysozyme activity in the effluent are shown in Fig. 2.
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Fig. 2. Rechromatography of Fraction C

The purity of the main component was estimated, by ultracentrifugal analysis.
A single homogeneous component of Sy, = 1.8 was seen (Fig. 3). As another
criterion of purity, gel diffsion experiments were made on Ouchterlony plates.
To the center well, 0.2 ml of DL-antiserum was added and to side wells were added
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To study the nature of the antibodies formed by:HI, HLME, DL and DLME,
comparative studies were made of cross preciptin reactions of the four antigens with
cach of the four antisera and also of the cross neutralization reactions.

1) HL-antiserum

1) Precipitin reaction

Varying amounts of antigens (as shown in Table 3a, b, ¢ and d in ug N) dissolved in 1.0 ml of
saline, were added to tubes containing 1.0 ml of HL-antiserum. Control tubes were also included.
The tubes were incubated at 37°C for 1 hour and then at 1°C for 5 days, and centrifuged. After remo-
val of the supernatants, the precipitates were washed with chilled saline and the total precipitated pro-

tein N was estimated. The results are shown in Table 3a, b, ¢ and d including the results of tests on
supernatants for excess antigen and antibody.

In cach of the four systems an equivalence zone was observed. The maximal
amount of antibody precipitated was greatest with that of the homologous antigen
(HL) and decreased in the order HLME >DL >DLME (tube 7 of Table 3a, b
and c, tube 6 of Table 3b, and tube 4 of Table 3d).

Table 3. Quantitative Precipitin Reactions of the Four Antigens in HL-Antiserum

Tube HL Total ppted Ppted Antibody N Tests on supernatants
protein antibody : T —

No. (gN) (1gN) {ugN) Antigen N oddeg f HL added
1 4.2 133 128.8 30.7 — 2+
2 6.5 167.4 160.4 24.5 - 2+
3 9.8 237.4 227.6 23.1 - +
4 11.8 257.6 245.8 20.8 — —
5 12.6 264.0 251.4 20.0 — —
6 16.4 283.6 267.2 16.3 - —
7 19.6 295.6 276.0 14.1 s -
8 26.2 275.6 + —

(Table 3) b

Tube HLME  Total ppted Ppted |Antibody N Tests on supernatants

protein antibody . HL anfiserum! HLME anti- | !

No. (LegN) LugN) {ugN) | Antigen N added i serum cddedg HL f HLME
1 6.0 114.6 108.6 18.1 - — -+ 44
2 12.0 198.0 186.0 15.5 - - + +
3 14.4 226.4 212.0 14.7 - — + +
4 16.4 239.4 223.0 13.6 — — + 24
5 19.0 268.6 249.0 13.1 — - -+ -+
6 24.0 287.0 263.0 11.0 — — + —
7 30.0 303.0 273.0 9.1 -+ -+ - —
8 40.0 274.0 24 24 - -




208 FUJIO, SAIKI, IMANISHI, SHINKA axp AMANO

(Table 3} c.
Tube DL Total ppted predd Antibody N Tests on supernatants
rotein antibo
Now | taoNy | g | g1 | angen N TSSO i e
1 0.5 15.5 15.0 30.0 — — 3+ 3+ it
2 1.0 27.8 26.8 26.8 — — 3+ 3+ *+
3 2.0 52.6 50.6 25.3 —_ - 3+ 3-+ &
4 3.0 61.9 58.9 19.6 - - 2+ 24 -
5 4.0 78.8 74.8 18.7 — — 2+ 2+ -
6 6.0 111.0 105.0 17.5 — - 24 2+ -
7 8.0 119.0 111.0 13.9 = * + 2+ -
8 12,0 99.8 34 + + 24 -
9 20.0 77.8 3+ + + 2+ —
10 24.0 40.8 3+ 3+ + + -
{Table 3) d.
Tube DLME Total ppted Pptej Antibody N Tests on supernatants
rotein antibo - :

No. | {ugN) i ‘ﬂgN’y Antigen N | ONE S %a%ia??ﬁiiéqﬂid
1 1.0 21.9 20.9 20.9 — 2+ + 3+
2 2.0 34.2 32.2 16.1 - + — 3
3 4.0 591 55.1 13.8 — — —_ 3+
4 6.0 71.2 65.2 10.9 — — — 3+
5 8.0 67.0 + — — 2+
6 12.0 64.0 -+ — — 2+
7 16.0 5%9.0 2-- - - 2+

As can Dbe seen in Table 3b, the supernatants in the antigen (HLME) excess
zone gave no precipitate with the slight amount of HL added, although there was
slightly but definitely less precipitated antibody N at the equivalence point (tube
6 of Table 3b) than in the homologous HL~anti-HL system (tube 7 of Table 3a)
and approximately 15 per cent of neutralizing antibodies for HL remained unab-
sorbed in the supernatants in the zone of antigen (HLME) excess, as described below
(Table 4, Fig. 9). These facts were consistent with those reported previously from
this laboratory (Fujio et al., 1959). The results were also consistent with the
findings on an Ouchterlony plate, in which HL and HLME were tested against
HL-antiserum and the two single precipitation lines fused with each other without
spur-formation, as can be seen in Fig. 8. Since the maximal amount of precipitat-
ed antibody of HL and HLME antigens differed, the antibodies corresponding to
this difference must be mainly multivalent. Although a multivalent antibody
could give precipitates with the antigen, no precipitation of the supernatants of
the HLME~HL-antiserum system was found with a minute amount of HL and
no spur-formation could be detected. These negative results may be explained
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by assuming that the supernatant contained antibodies with only one kind of spe-
cificity and that these antibodies could react with only one of the antigenic sites
of each HL molecule resulting in the formation of a soluble complex.

@ @ Cups. 1.2.3. HL-Antiserum

HL. 4.95 pgN
HIME. 22. 6 ugN

@ @ @ DL. 6.54ugN
DLME. 23.0 gN

Fig. 8. Gel Diffusion Experiments of the Four Antigens with HL-Antiserum

In tests on the supernatants of the tubes shown in Table 3¢, HL or HLME
gave precipitates with all the supernatants, which were obtained after the pre-
cipitin reaction of DL with HL-antiserum. Therefore, according to the lattice
theory, the supernatants contained antibodies of at least two different specificities
with regard to their antigenic sites. The implication was confirmed by a gel
diffusion experiment on an Quchterlony plate, in which DL, HLME and HL were
tested against HL-antiserum and the single line, between HLME (or HL) and the
antiserum, fused forming a spur with the single line appeared between DL and the
antiserum (Fig. 8).

When the supernatants of the DLME~HL-antiserum system were tested, as
shown in Table 3d, HL and HLME gave precipitates throughout the range tested.
Thus results are very similar to those with the DL~HL-antiserum system. How-
ever DL gave no precipitate in the antigen (DLME) excess zone, although the
amount of antibody N precipitated in the equivalence zone of the DL~HL-anti-
serum system (tube 7 of Table 3c) was considerably larger than that in the DLME~
HL-antiserum system (tube 4 of Table 3d). These results are also consistent with
the findings in gel diffusion experiments (Fig. 8).

1)  Neutralization

The supernatants obtained in the quantitative precipitin reaction of the four
systems were also analyzed for neutralizing antibodies against homologous antigen,
HL and the heterologous antigen, DL. The results are presented in Figs. 9 and
10. As can be seen, the curves for unabsorbed neutralizing activity in the super-
natants have plateaus in the antigen excess zone of the precipitin reactions. The
percentage activities of these plateaus of neutralizing activity for the two lysozymes
to that of the original HL-antiserum were calculated, as shown in Table 4. The
neutralizing antibodies remaining after absorption by the excess of HLME, repre-
sented about 15 per cent of the original activity for HL and 23 per cent for DL.
This fraction of neutralizing antibodies was capable of neutralizing HL as well as
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DL and it is designated as Agp. When the supernatants were further absorbed with
an excess of DLME, the antibodies still unabsorbed represented 14 per cent of the
original activity for HL and 23 per cent for DL, as shown in Table 5. The results

_ 300} {300

> "
o o
3 a%F
3 200 4200 52
z 2%
- s
5 52
2 100 100 £ 3
Absorb, with HLME Zc
R -

Absorb, with HL

10 20 30 40
Antigen added (g N )

Fig. 9. Fate of HL-neutralizing Antibodies of HL-Antiserum in Supernatants

of Precipitin Reactions

300f 4300

200

Total N ppr'qd (ug)

4100

Nevutralizing antibodies
in supernates ( units )

.A\‘:sorb‘ with DLME

"""""""" Absorb, with HLME
O e A — X Absorb. with HL oL
; or

10 2.0 30 40
Antigen added (ug N

Fig. 10. Fate of DL-neutralizing Antibodies of HL-Antiserum in Supernatants

Table 4. Maximal Absorption of HL Antiserum

Antigen used HL-neutralizing DL-neutralizing
for absorption antibodies absorbed antibodies absorbed
N.U. % N.U. %
HL 290 100 121 100
HLME 245 84.7 93.8 77.5
DL 145 50 121 100
DLME 90 31 66.6 55

indicate that the second absorption removed no additional antibodies and the
supernatant gave no precipitation with a trace of DLME. Therefore, 31 per cent
(for HL) and 55 per cent (for DL) of the neutralizing antibodies directly absorbed
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by an excess of DLME apparently belong to the same fraction, Cyp, and this fraction
is assumed to have been included in the 85 per cent (for HL) and 78 per cent (for
DL) absorbed by HLME. The neutralizing antibodies of HL corresponding to
the difference between §8 and 34 per cent must be specific for HL and this fraction,
representing 54 per cent of the total activity, was named By.

Table 5. Repeated Absorption of HL-Antiserum with HLME and DLME

HL-neutralizing DL-neutralizing
antibodies remaining antibodies remaining
N.U. % N.U. % i
HL antiserum 290 100 121 100
after absorption with HLME 44 4 15.3 27.2 22.5
further absorbed with DLME 40.4 13.9 27.3 22,6

HL-antiserum was absorbed with a slight excess of DL and the remaining
neutralizing antibodies were estimated for HL. In this estimation the excess DL
activity was always subtracted in the calculation. After absorption, 30 per cent
of HL neutralizing antibodies were detected and therefore the remaining 50 per
cent of the original activity was absorbed by DL. The unabsorbed fraction must
be By and the absorbed fraction must represent the sum of Aypy and Cypy (46 per cent).
This can be regarded as identical with the experimental value (30 per cent) when
the experimental error is taken into consideration.

If these assumptions are true and fraction By can only neutralize HL, the
neutralizing antibodies for DL, which are absorbed by HLME and DLME, would
be identical. However, the difference between the values (94 and 67 neutraliz-
ing units) can not be considered as within the range of experimental error. The

difference can only be explained by postulating the presence of another fraction

Antigens used For DL
for absorpiion
A sorpii c £, Ao
> ;
i

oA LI -

/) N

16% 55% 23%  22%

W22 NN
7 | Jowe 77 74 | |

Fig. 11. Composition of Neutralizing Antibodies of HL-Antiserum

=
7

//5537'/ //

Shadowed parts represent fractions lost after absorption. Parts enclosed in dotted lines represent
fraction which apparently neutralize only heterologous antigen and not homologous antigen.
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(Ep) of antibodies elicited by HL. Fraction Ep has no neutralizing ability for HL
but it neutralizes DL.. This assumption is supported by results described below.
Thus the neutralizing antibodies elicited by HL can be classified as shown in Fig.
I1. o

To reconfirm the above results, similar experiments were performed using
individual HL-antisera of rabbits and a very interesting batch (LF-32) was found.
The equivalence point of this antiserum for HL was 22 ug N per ml and it contained
254 units of neutralizing antibodies for HL and 83 units for DL per ml. When it
was absorbed with DLME, there was no absorption of HL neutralizing antibodies
(no Cyp) but DLME absorbed 51 per cent of DL neutralizing antibodies. This
was named fraction Fp. The results indicate that some HL-non-neutralizing anti-
bodies produced by HL are capable of neutralizing DL, as shown in Table 6.

Table 6. Absorption Experiments on Batch LF-32 of HL-Antiserum

HL-neutralizing DL-neutralizing
antibodies remaining antibodies remaining
HL antiserum 254 N.U. 100% 83 N.U. 100%
after absorption with HLME 98 N.U. 399 22.1 N.U. 27%
further absorbed with DLME 110 N.U. 43% 25.5 N.U. 31%
after absorption with HLME, 0
further absorbed with DL
after absorption with DLME 255 N.U. 1009 40.4 N.U. 499
further absorbed with HLME, 114 N.U. 45% 25,2 N.U. 30%
oir srorptio it oo e
after absorption with DL 168 N.U. 66%4
further absorbed with HLME 0

As the presence of HL-non-neutralizing antibodies was proved by Shinka ef al.
(1962), the facts can ecasily be understood. When the absorbed antiserum was
further absorbed by HLME, 55 per cent of the HL neutralizing antibodies (fraction
By) and the 19 per cent fraction (Gp) of DL neutralizing antibodies were removed.
When the antiserum was directly absorbed with HLME, 57 per cent of HL anti-
bodies (fraction Bg) and 70 per cent of DL (fraction Fp and Gp) were absorbed.
When the absorbed antiserum was treated in addition with DLME, no additional
absorption could be detected. It is obvious that the 57 per cent fraction of HL
neutralizing antibodies is identical with fraction By found in the two step absorption
experiment with DLME and HLME. The value of 70 per cent for DL neutraliz-
ing antibodies absorbed by HLME was in good accord with the sum of fraction Fp
and Gp. The problem here is whether all or an appreciable amount of fraction Gy,
was present in fraction By of HL neutralizing antibodies. Fraction Gp was shown
to neutralize only DL and not HL in the following way. When the antiserum was
first absorbed with DL, all the DL neutralizing antibodies were blocked and 34 per
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cent of the HL neutralizing antibodies (fraction Ayp) were absorbed.

error is taken into consideration.

bodies of this antiserum can be classified as shown in Fig. 12.

Antigens
or absorption

AHD

43%

used

N
HL

213

The remain-
ing 66 per cent of HL antibodies were completely absorbed by HLME. This 66
per cent can be regarded as equal to 57 per cent (fraction By) when the experimental
If fraction Gp could also neutralize HL, fraction
By found after absorption with DL would be much smaller.
Gp can be considered to neutralize DL but not HL. Thus the neutralizing anti-

Therefore fraction

Fig. 12. Composition of Neutralizing Antibodies of Batch LF-32 of HL-Antiserum

Shadowed parts represent fractions lost after absorption.

fraction apparently neutralizing only heterologous antigen and not homologous antigen.

N
~—

HLME-antiserum

1) Precipitin reaction

In studies of HLME antiserum, HLME, DL and DLME were used as antigens.
HL was omitted because it had been studied previously (Fujio et al., 1959) and it

Table 7. Quantitative Precipitin Reactions in HLME-Antiserum

Parts enclosed in dotted line represent

Tube HLME

No. {zrgN)

10
13
15
18
30

0o N o AW

Total ppted Z

protein
{pgN)

30.

56

75.
121.
145,

149

143,

QO O O O N o v

Ppted

111.0

11

N

Antibody N E Tests on supernatants
. antibody ) HLME anii- HILME
b (1egN) Antigen N | serum cddedéy added
28.9 4.4 — 2+
52.6 13.2 - +
69.7 1.6 - —
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(Table 7) b.
Tube DL Total ppted Pplfjedd Antibody N Tests on supernatants
rotein antibo
1 2.03 27 .6 25,57 12,6 — 2+ 2+ -+
2 4.05 37.2 33.1;5 8.1g - + + +
3 5.7 47.8 42 1 7.39 & + -+ -
4 8.1 540 45.9 5.6¢ =+ + + —
5 10.4¢ / + + -+ -
) 13.31 32.9 + + + -
7 16.2 / 3+ + + —
8 26,7 33.5 3+ + + —
9 30.4 32.7 3+ + + -
{Table 7) c.
Tube DLME |Totdl ppted§ Pptedd EAntibody N Tests on supernatants
rotein | antibo | - - -

No. | (ugN} F;#QN) ('UQN)Y k Antigen N sgfﬂEa%ndt;f;s}:tmEc%rg:d. c?dLgAeEd adDdLed ? }:sZAeEd
1 0.9 11,55 ‘ 10.5¢ 11 — - + =+ 3+
2 1,05 1 e e e — — + S 34
3 1.92 26.9 24 95 . 13 - - + -+ 3+
4 3.0 34.9 31.84 10.6 —_ — — — 2+
5 3.8 36.0 32.2 9.43 — — —_ — 2+
6 5.72 451 39.34 6.82 x * — — 2+
7 7.7 55.3 7.6 + + - = |2+
8 9.6 48.2 + + - = |2+
9 13.5 46.8 + + - — 2+
10 19.2 452 + + - = 2+

was found that HL behaved in the same manner as HLME. The experimental
procedures used were similar as those used for HL-antiserum. The results of
quantitative precipitin reactions are shown in Table 7a, b, c.

Table 7b shows that a minute amount of HLME or HL gave precipitates with the
supernatants of the precipitin reaction of the DL~HLME-antiserum system
throughout the range tested. Similar results were also observed in tests on super-
natants of the DLME~HLME-antiserum system (Table 7¢) when a minute amount
of HLME was added. In the DLME~HLME-antiserum system, an additional
result should be described here. When the excess antibodies in the supernatants
were tested with a minute amount of DL, precipitates formed only in the antibody
excess zone (tubes 1 - 3 of Table 7c).

1)  Neutralization

In neutralization experiments, as shown in Table 8 and Figs. 13 and 14, DL
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and DLME could absorb the same amount (71 per cent) of neutralizing antibodies
for HL and those for DL were completely removed by DL but only 73 per cent was
absorbed by DLME.

Table 8 :‘Degree of Maximal Absorption of HLME-Antiserum

Antigens used HL-neutralizing DL-neutralizing
for absorption antibodies absorbed antibodies absorbed
N.U. % N.U. %
HLME 212 100 121 100
DL 150 70.8 121 100
DLME 150 70.8 89 73.8
120+
5 1 &
3 4200 B
& 0%
i 5%
§ 4100 :g %
: Absorb, with DLorDLME Zs

10 20 -30
Antigen ddded (zg N )l

Fig. 13. Fate of HL-neutralizing Antibodies of HLME-Antiserum in
Supernatants of Precipitin Reactions
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10 20 0
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Fig. 14, Fate of DL-neutralizing Antibodies of HLME-Antiserum in
Supernatants of Precipitin Reactions

The HL-neutralizing antibodies absorbed by DL or DLME (71 per cent) can
be regarded as identical and this fraction is termed Cgp. It can neutralize both HL
and DL. However, fraction Cyxp does not represent all the DL-neutralizing anti-
bodies, because DLME could absorb only 73 per cent. - Therefore, this 73 per cent
of DL-neutralizing antibodies must represent fraction Cgxp and the remaining 27 per
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cent can be regarded as HL-non-neutralizing and only DL-neutralizitig. This
is called fraction Ep. - The:29 per cent of HL-ncutralizing antibodies which were
unabsorbed by DL is named fraction By and it neutralizes only HL. It is not
certain whether fraction Cgp of HL-neutralizing antibodies contained another
fraction, which neutralized only HL, because there was too great a difference
between the neutralizing units of HL (150 N.U.) and DL (89 N.U.) absorbed by
DLME. The neutralizing antibodies evoked by HLME can be summarized as
shown in Fig. 15.

For HL Antigens used For DL
for obsorptlon
Cuolt Fy 21} Chp Eg
) e

%\W //// e

29%
— V//;f/////J v
. V7 A

Fig. 15. Composition of Neutralizing Antibodies of HLME-Antiserum

Shadowed parts represent fractions lost after absorption. Parts enclosed in dotted lines represent
fraction apparently neutralizing only heterologous antigen and not homologous antigen.

3) DL-antiserum

1) Precipitin reaction

The antigens used in this experiment were DL, DLME, HL. and HLME. The
experimental procedures were the same as those for HL-antiserum and the results
are shown in Table 9a, b, ¢, d. The amount of antibody precipitated was greatest
with the homologous antigen, DL, and decreased in the order of DLME>HL
>HLME.

Table 9. Quantitative Precipitin Reactions of the Four Antigens in DL-Antiserum

a.
Tube DL Total ppted Ppted | Antibody N | Tests on supernatanis
protein - antibody DL antiserum DL
No. (zegN} {ugN) (ugN) Antigen N added added
1 2,03 27 .1 25,0 - 12.3 C— 2+
2 3.9 45.4 41.5 14.2 - +
3 6.1y 80.4 74,7 12,2 - =
4 7.94 118.0 110.1 13,9 — —
5 12,25 158.0 145.8 11.9 —_ ) —
6 14 .4 162.0 147 .6 ~10.3 — or = -
7 20,14 116.6 ) 24 -
8 28.8 100.3 3+ -
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(Table 9) b.
Tube | © DLME Total ppted PPLEdd Antibody N Tests on supernatants
rotein antibo
No. | (ugN) F;ﬂgN’ (oI | Antigen N corom g?j'c;edl P ived " | ined | addod
1 1.7, 18.2 16.45 9.5 - - + o+
2 3.44 45.3 41.8¢ 12.15 — — + +
3 5.1¢ 71V.7 66.54 12.9 - — — —
4 8.33 117.7 109.3 13.1 — L —_ —_ —
5 11.69 | 142.5 130.8 1.2 e I -
6 154 144.3 ' o + - —
7 25.8 126.8 -+ + — _
8 33.4 83.3 -4 + — —
(Table 9} c.
Tube HL Total ppted Ppted Antibody N | Tests on supernatfants
profein ontibody . HL anfiserum| HL | HLME | DL
No. (12gN) {uegN) (egN) Antigen N added added 1 cddedjcdded
1 1.4y 14.29 12.8 9.0y — 4+ 24 4
2 2.2 18.0 15.7, 6.95 - -+ b o
3 2.8, 19.9 17.15 6.05 —- S R
4 3.4 18.0 + - .
5 3.9 15.7¢ + — N o+
6 4.99 12.7 24 — + 4
7 5.65 12.35 3+ N R
{Table 9} d.
Tube HLME Total ppted  Ppted Antibody N Tests on supernatants
No. | (pgN) 7;2:1;‘ G(",i's,ff,jy Antigen N | FILME anfi- THIME | AL | DL | DIME
serum added | added | added | added | added
1 1.33 11.25 9.95 7.55 - + + + +
2 1.64 13.65 12.0 7.24 —_— + + 4+ +
3 2.65 e | - IV N T
4 3.0 17.3, 14.3, 4.74 - I R DT
5 3.32 18.5 15.1g 4.5g + — — -+ +
6 4.15 15.8 + - - +
7 5.8 14.4 + S B R

In tests on the supernatants of the DLME~DL-antiserum system, excess
antibody was found only in the first two tubes when tested with traces of DLME
and DL, although DL precipitated more antibody than DLME (tube 6 of Table
9a and tube 5 of Table 9b) and the supernatants in the antigen excess zone of the
DLME~DL-antiserum system still contained neutralizing antibodies for DL and
HI. (Table 10, Figs. 18 and 19). This result is very similar to results with the
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HLME~HL-antiserum system. The result was consistent with that obtained in
a gel diffusion experiment on an Ouchterlony plate, on which DL and DLME were
tested against DL-antiserum. In this experiment the line given by DL fused with
that of DLME without spur-formation, as shown in Fig. 16. The cross reaction
of HL with DL-antiserum is also shown in Fig. 17. The precipitation line given by

@ o ow
@ @ Cup 1. DL 48xgN

HL 929N
2, DLME 50ugN
3.
k }DL-Antiserum “
® ' Q

@ - DL - Antiserum

Fig. 16. Comparison of DL and DLME against Fig. 17. Comparison of DL and HL against
DL-Antiserum in Quchterlony Plate DL-Antiserum in Ouchterlony Plate

HL fused with that of DL with spur-formation. The result is consistent with that
obtained in tests on supernatants of the HL~DL-antiserum system shown in Table
9c, in which excess antibody was detected throughout the range tested with a
minute amount of DL.

i)  Neutralization

The neutralizing antibodies were also estimated in the supernatants of the
precipitin reactions and the results are presented in Figs. 18 and 19 and Table 10.

1504 200
) 3
i IE
32 £5
=100 ot e e e e AbsOrh. with HLME O
z A 4100 23
N Absorb, withHL fog-
3 £ £g
o 50- A 3
. \.\ ---- A A Absorb. withDIME z=
N \\. Abscrb. with DL .
: Tl i
10 20 30

Antigen added (ugN)

Fig. 18. Fate of DL-neutralizing Antibodies of DL-Antiserum in Supernatants
of Precipitin Reactions

Excess DLME could absorb 69 per cent of neutralizing antibodies for DL and 78
per cent of those for HL, and excess HLME could remove 28 per cent of those for
DL and 20 per cent of those for HL. To test whether the antibodies absorbed by
HLME were included in those absorbed by DLME, the neutralizing antibodies
remaining after the absorption by DLME were further absorbed with excess of
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Fig. 19. Fate of HL-neutralizing Antibodies of DL-Antiserum in Supernatants
of Precipitin Reactions

Table 10. Degree of Maximal Absorption of DL-Antiserum

Antigens used DL-neutralizing HL-neutralizing

for absorption antibodies absorbed antibodies absorbed
N.U. % N.U. %
DL 234 100 102 100
DLME 160 68.5 79.6 78
HL 126 54 102 100

HLME . 64.4 27.5 20 19.6

HLME. No further absorption was seen as shown in Table 11. Therefore, the
neutralizing antibodies absorbed by HLME must be included in those absorbed by
DLME. DL could exhaust all the neutralizing antibodies of homologous anti-
serum for DL as well as for HL, and HL absorbed 54 per cent of those for DL and
100 per cent of those for HL.

Table 11. Repeated Absorption of DL-Antiserum with DLME and HLME

DL-neutralizing HL-neutralizing

antibodies remaining antibodies remaining
N.U. % N.U. %
DL Antiserum 234 100 102 100
after absorption with DLME 74 31.6 22.4 22
further absorbed with HLME 71 30.4 24.5 24

The neutralizing antibodies absorbed by HLME can neutralize both DL and
HL and this fraction was designated as Cpy (28 per cent for DL and 20 per cent for
HL). After absorption of DL antiserum with HL, 54 per cent was removed. and
46 per cent was left, and this 46 per cent fraction neutralized only DL. Though
no further absorption experiments were performed, this 46 per cent fraction can
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be assumed to be identical with the difference between 69 per cent of DL-neutraliz-
ing antibodies and the 28 per cent of fraction Cpg. This is called fraction Bp. The
remaining DL-neutralizing antibodies, after absorption with DLME, could neutral-
ize both DL and HL and were called fraction Apg. The sum of Apg and Cpg cannot
account for the total neutralizing power for HL. The difference in the HL-neutral-
izing activity absorbed by DLME and Cpy must be regarded as antibodies neutral-
izing only HL but not DL and it was named fraction Eg (58 per cent). In
summarizing the above results, the neutralizing antibodies produced by DL can
be classified as shown in Fig. 20.

For DL Antigens used  For HL

or absarption
ADH Bo C L EH M

T 7 MM o

3% 41% 28%
[ DLME
N7 HL
LT ¥A 1 HIME

Fig. 20. Composition of Neutralizing Antibodies of DL-Antiserum

Shadowed parts represent fractions lost after absorption.  Parts enclosed in dotted lines represent
fraction apparently neutralizing only heterologous antigen and not homologous antigen.

4y  DLMZE-antiserum
i) Precipitin reaction
The antigens used were DLME, DL, HL and HLME and the results of the

precipitin reactions are shown in Table 12a, b, c, d.

Table 12. Quantitative Precipitin Reactions of the Four Antigens in DLME-Antiserum

a.

Tube DLME Total ppted PpLedd Antibody N Test‘s‘on supernatants
rotein antibo

No. | tpoN) | (o1 | lugN | Awigon N | DVE onfh T DIVE
1 3.04 55.5 52.4 16.7 - 24
2 4.74 69.5 64.8 13.7 - +
3 7.0g 84.8 77 .4 11.0 — —
4 10.0 98.8 88.8 8.8g — —
5 13.0 13 100.0 7.7 - —
6 14.9 123 108 7.25 — or =+ —
7 17.2 120 + -
8 20.4 119 + —
9 25.1 117 + -
10 31.4 113 + —
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(Table 12) b,
Tube l DL Total ppted Ppted Antibody N Tests on supernatants
] . protein antibody . ;
| ) DL antiserum | DL | DLME
| | |
No. j (rgNI) (MgN) (pgN) Antigen N odded | added | added
1 1.0 26.0 25.0 25.0 - + 2+
2 2.1 49.4 47.3 22.5 - + +
3 2.94 64.2 61.3 20.8 - + —
4 4.2 77.3 73.1 17.4 - — -—
5 5.5 95.4 90.9 16.3 — — e
6 7.0¢ 118.0 110.9 15.7 — - —
7 8.4 61.1 + - —
8 13.45 29.9 2+ — -
9 18.5 19.4 24 — -
{Table 12} c.
Tube HL Total ppted Ppted Antibody N, Tests on Supernatants
protein antibody | — | - . - -
; . ¢ HL antiserum | HL ! DLME DL | HLME
No. | (ugN) (129N) (zgN) [ Antigen N T 77 (4100 | odded | added | added | added
1 1.59 10.6 9.0 5.9; - + 24 24 -
2 2.44 20.8 18.4 7.5 — + 24 + —
3 3.8 24.8 21.4 5.54 - - 24 + -
4 5.3, 22.5 + S W A
5 8.3 20.0 -+ - 24 -+ —
6 9.1y | eeeees BN — 24 + o
7 12.6 19.6 + - 24 4 —
8 15.2 17.9 34 — o4 + -
(Table 12) d.
Tube HLME Total ppted:  Ppted Antibody N Tests on supernatants
protein antibody e . T
. HLME anti- !HLME | HL DL | DLME
No. | {pgN) | {uN) (kgN)  [Antigen N | (o \m added | added | added | added | odded
1 1.65 20.7 19.0 11.44 — 24 T + +
2 3.35 24.8 21.5 6.4¢ - — -+ + -+
3 5.8; 27.2 21.5 3.69 + - — + +
4 8.3 24.3 + — - . +
5 11.6; 19.8 + - - x
[ 16.6 17.2 e — — + 4
7 19.95 9. 14 + — — 4 4
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DL precipitated approximately the same amount of antibody N at the equi-
valence point as the homologous antigen (DLME) did (tube 6 of Table 12a and
b), and HL also precipitated the same amount of antibody N at the equivalence
point as HLME did (tube 3 of Table 12c and d).
remarkable when compared with results on the three antisera described above.
The supernatants of the systems of HL and HLME contained excess precipitins
for DL as wellas for DLME throughout the range tested.

i)

The fate of the neutralizing antibodies in the supernatants of the four preci-

The latter result was very

Neutralization
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Fig. 21. Fate of DL-neutralizing Antibodies of DLME-Antiserum in Supernatants
of Precipitin Reoctions
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Fig. 22. Fate of HL-neutralizing Antibodies of DLME-Antiserum in Supernatants
of Precipitin Reactions
Table. 13. Degree of Maximal Absorption of DLME-Antiserum

HL-neutralizing
antibodies absorbed

DL-nevtralizing
ontibodies absorbed

Antigens used
for absorption

N.U. % N.U. %
DLME 89 100 76.2 100
DL 89 100 76.2 100
HL 26.6 30 76.2 100
HLME 28.2 31.6 76.2 100




CROSS REACGTIONS OF HEN AND,DUCK LYSOZYMES 223

pitin reactions were also studied. The results are shown in Figs. 21 and 22 and
Table 13. As can be seen, DLME and DL completely removed all the neutraliz-
ing antibodies for DL and HL, and HLME absorbed about 30 per cent of those
for DL and 100 per cent of those for HL. In these neuiralization experiments,.
DL and DLME behaved as the same antigen, as did HL and HLME. These facts
are consistent with the facts that no difference could be found in the behaviors of
DL and DLME or of HL and HLME as precipitinogens. - The DL-neutralizing
antibodies absorbed by HL or HLME (30 or 32 per cent) can be regarded as
identical and this fraction could neutralize both DL and HL. Hence it is termecd
fraction Cpg. The 70 per cent fraction of DL-neutralizing antibodies could
neutralize only DL and it is designated as fraction Bp. As all four antigens could
absorb all the HL-necutralizing antibodies, HL-neutralizing antibodies may be
due to Cpg. However, it is conceivable that another fraction, Ey, which can
neutralize only HL and can be absorbed by all four antigens, was present in ad-
dition to Cpy, because there was too much difference between the HL-uneutraliz-
ing activity of Cpyg (28—26 N.U.) and the total DL-neutralizing activity of
DLME-antiserum (76 N.U.). In reviewing the above results, the neutralizing
antibodies can be classified as shown in Fig. 23.

For DL Antigens used For HL
CDH B for absorption Conl +Eol
D \L H
o =— w2
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L —
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Fig. 23. Composition of Neutralizing Antibodies of DLME-Antiserum

Shadowed parts represent froctions lost after absorption.  Parts enclosed in dotted lines represent
fraction apparently neutralizing only heterologous antigen and not homologous antigen.

DISCUSSION

Though DL was not obtained in crystallin form, it was purified to almost the
same specific activity as HL. The homogeneity of the DL preparation was proved
by ultracentrifugation and gel diffusion experiments.

The cross precipitin reactions demonstrated on four antigens with their four
respective antisera indicate the presence of some common antigenic sites on HL and
DL, which are retained after esterification with methyl alcohol. As the super-
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natants of the precipitin reaction of HL-antiserum with DL gave precipitates when
excess antibody was tested . with a minute amount of HL and vice versa, HL can be
assumed to contain at least two antigenic sites specific for HL when interpreting
results in the light of the lattice theory. The same assumption can be made for
DL. In addition, HL and DL bear at least two common antigenic sites because
they could give precipitates in cross reactions. Such assumptions were consistent
with results of gel diffusion experiments, in which the two precipitation lines given
by HL and DL with DL-antiserum fused forming a spur.

In our first report (Fujio et al., 1959) it was assumed that HLME lost one
antigenic site when HL was esterified and HLME acquired no new antigenic site
as an artifical antigen, because HL precipitated the same amount of antibody as
HLME itself with HLME-antiserum and some fraction (15 to 20 per cent) of HL
antibodies could not be precipitated by HLME. Morcover the supernatants of
the HLME~HL-antiserum system in the equivalence and antigen excess zones
gave no precipitates when excess antibody was tested with an appropriate amount
of HL. If the antigenic sites of HL molecules are all the same in specificity, some
precipitate must be found in tests for excess antibody. The same phenomenon
could be seen in the DLME~DL-antiserum system. In gel diffusion experiments,
the precipitation line of HLME with HL-antiserum fused with that of HL: against
HL-antiserum without spur-formation. The same was true in tests on DLME
and DL using DL-antiserum. To interpret these phenomena, the authors assume
that the antigenic sites of a single protein molecule are different in specificity from
each other. Such a concept was proved in studies on the proteolytic digests of
human serum albumin (Lapresle, 1955; Lapresle et al., 1957a, b, 1958), the pro-
teolytic digests of diphtheria toxin (Raynaud, 1958) and the proteolytic digest of
T-globulin of horse diphtheria antitoxin serum (Fujio et al., 1958), and considered
to be reasonable by Grabar and Marrack (1960). This concept was supported by
our second report, in which some batches of HL-antisera contained non-neutral-
izng but precipitating antibodies together with neutralizing antibodies (Shinka
etal.,1962). This problem is discussed again below in relation to the heterogeneity
of the neutralizing antibodies.

The heterogeneity in specificity of the neutralizing antibodies of HL-antiserum
was described in our first report (Fujio ef al., 1959). Further extensive studies were
made on this subjéct‘ At first we could not understand our results from absorption
experiments. For instance, in the case of the pooled HL-antiserum, the HL
neutralizing antibodies were classified into three fractions, among which Cyp (31
per cent) and Agp (16 per cent) were capable of cross neutralizing DL, and By (53
per cent) was specific for HL. If the neutralizing powers of Agp and Cyp antibody
molecules are assumed to be equal, the ratio of the concentrations of Cyp and Ayp
of DL-neutralizing antibodies must be 2:1. However, the results were not in good
accord with this. If HL-antiserum was first absorbed by DLME, the only neutral-
izing antibodies for DL remaining should be Agp, because By was incapable of
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neutralizing DL. If the antiserum was first absorbed by HLME again, only Agp
should remain. In the former case 45 per cent remained and 23 per cent was
unabsorbed in the latter case. This discrepancy was too great to be due to ex-
perimental error, and no reasonable explanation could be found for it. The
results of absorption experiments with HL-antiserum from a rabbit (LF-32) threw
light on this puzzling problem. When the antiserum was absorbed with DLME,
there was no loss of HL-neutralizing antibodies but 51 per cent of DL-neutralizing
antibodies were lost. At this time, the presence of non-neutralizing antibodies
had already been demonstrated in some batches of HL-antiscra (Shinka et al., 1962),
and hence the 51 per cent of antibodies neutralizing only DL produced by the
antigen stimulation of HL, must be regarded as HL-non-neutralizing antibodies.
If the pooled HL-antisera contained HL-non-neutralizing antibodies, the dis-
crepancy between 45 and 23 per cent can be explained by the presence of another
fraction (ED),’which could only neutralize DL and was produced by HL.

This substantial evidence for the presence of antibodies which are only cross-
neutralizing and do not neutralize homologous antigen, is very important in con-
sidering the structure of HL. and DIL. It suggests that the active centre of DL is
located in the neighbourhood of the antigenic site homologous to such an antibody,
while the active centre of HL is not.

The antigenic valency of HL can be regarded as four from the molar ratio at
the extreme antibody excess point. However, considering the results on the
heterogeneity of HL antibodies we are forced to conclude that pooled HL-antisera
contained at least six kinds of antibodies of different specificities, because fraction
Agp contained only one kind (Agp did not give a precipitate with HL), fraction
Cyp contained at least two kinds (Cyp was precipitated with DLME), fraction By
consisted of at least two kinds (Bg gave a precipitate with HL), Ep contained at
least one kind, and, in addition, the pooled sera may contain non-neutralizing
antibodies. Consequently there is a discrepancy here, if results are interpreted by
the lattice theory and different specificities are postulated for each antigenic site
on the HL molecule. However, this discrepancy may be accounted for by assum-
ing that six different antibody molecules can not all combine with a single HL
molecule because of mutual steric hindrance, so that some of them are forced to
combine with another molecule. Such a possibility is conceivable, because the
molecular weight of lysozymes is very small (14,500) when compared to that of
rabbit. antibody (160,000). In addition the heterogencity of the lysozyme mole-
cules must be considered, because the hens and ducks used were not from pure
stocks. As genetic allotypes have been found in human and rabbit y-globulin
(Grubb, 1956; Oudin, 1960), it is probable that genetic allotypes of lysozyme exist
in hens and ducks. This subject requires further study.
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