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SUMMARY

Two polypeptides were isolated after the digestion of HL by pepsin at pH 1.62. These polypep-
tides were capable of inhibiting the precipitin reaction of some batches of HL antisera with HL but
incapable of inhibiting the neutralization of HL by antibodies. The possibility, that the polypeptides
were derived from some minor contaminants, was excluded by demonstrating the homogeneity of the
antigen-antibody system by the gel diffusion test and by the recovery of active HL from neutralized
precipitates but not from supernatants.

The presence of HL-non-neutralizing antibodies in HL antiserum was essentially proved by
demonstrating an enzymatically active HL-antibody complex by gel filtration experiments with
Sephadex G-75, G-200 and also by its ultracentrifugal separation in a linear sucrose density gradient
using a swinging-bucket type rotor.

Suggestive evidence was obtained for the presencec of an antibody-like globulin of lower molecular
weight 7S antibody which form an active complex with HL in HL antiserum.

INTRODUCTION

As lysozyme is the lowest molecular weight antigenic enzyme protein and
consists of a single polypeptide chain (Fraenkel-Conrat, 1951), it is the most suitable
for chemical analysis of protein structure as well as for immunochemical analysis
of the determinant groups in its protein. For the latter study, results of the former
analysis are necessary. In this point, lysozyme is the most suitable for immuno-
chemical studies on its antigenic structure, because the amino acid sequence of hen
egg white lysozyme had been studied by Jollés and Fromageot (1958) and almost
all the sequence has recently been clarified by Jollés (1961). Therefore immuno-
chemical analysis of this enzyme has been studied in this laboratory (Fujio et al.,
1959) and comparative studies have been made on lysozyme (HL) and lysozyme
methyl ester (HLME), whose ““enzymoid’ nature was reported by Frieden (1956).

The following abbreviations are used in this report: hen egg white lysozyme (HL), methyl ester
of HL (HLME), polyglutamatc of B. anthracis (GPP)
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1t has been found that HL antiserum contains two kinds of specific neutralizing
antibodies as well as precipitins.

Further attempts were made to isolate polypeptides split from HL which were
capable of inhibiting corresponding neutralizing antibodies. However, neither
treatment with pepsin nor trypsin resulted in the appearance of such polypeptides.
In the course of this studies, it was found that pepsin digestion under certain con-
ditions gave two polypeptide fractions, which inhibited the precipitin reaction of
some batches of HL antisera but not at all the neutralization phenomena. As
antisera were prepared by immunizing rabbits with a purified preparation of HL
together with incomplete Freund’s adjuvant and it was shown that immunization
with Freund’s adjuvant stimulates antibody formation against contaminants in
the antigen preparation (Kabat, 1958), attempts were made to demonstrate the
presence of non-neutralizing and precipitating antibodies in some batches of HL
antisera. The present report is on the presence of a non-neutralizing, but precipi-
tating antibodies and, in addition, an antibody-like globulin of low molecular
Weight capable of combining with HL without causing its neutralization.

MATERIALS AND METHODS

1. Hen egg white lysozyme
HL was prepared as described in our first report (Fujio et al., 1959).

2. HL antisera

The immunization schedule and the preparation of the antigen in incomplete Freund’s adjuvant
were described in our first report.  The batch numbers of the antisera used in this study were LF-13,
LF-16, LF-18, LF-19 and SK-2. The total precipitable protein N at the equivalence point and the
amounts of HL. giving this point in each batch are listed in Table 1. '

Table 1. Total Precipitable Protein N at Equivalence Point and Amount of
HL giving this Point with Each HL-Antiserum

HL-antiserum E Total ppt protein ‘ HL added
1gN ugN
13 355 20
LF-16 626 37
LF-18 240 13
LF-19 470 | 7
SK-2 900 1 53

HL-antiserum: 1.0 ml

After inactivation at 56°C for 30 min., serum lysozyme was removed, when necessary, by gel
filtration through a column of Sephadex G-75, a sieve for molecules of less than 40,000 molecular
weight, equilibrated with saline containing M/50 phosphate buffer at pH 6.0. At this pH the associa-
tion of lysozyme with serum proteins and its adsorption to Sephadex particles could be avoided. The
antisera was adjusted to its original volume by adding an appropriate amount of dry Sephadex G-25
particles (molecular sieve for molecules of less than 3,500 - 4,500 molecular weight).
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3. Crystalline pepsin

Difco pepsin was purified in crystalline form according to the method of Northrop (1930) and
recrystallized twice.

4. Quantilative precipitin reaction

The procedures were carried out as described by Heidelberger and Kendall (1935). The
antigen nitrogen and precipitated antibody nitrogen were determined by a modified direct Nessleri-
zation method (Yokoi and Akashi, 1955). The pH of the mixture of antigen and antiserum was adjust
to 6.0 in all experiments. The maximum precipitated protein N was the same as when experiments
were carried out at pH 7.0.

5. Direct Nesslerization for determination of protein nitrogen

The procedure used was essentially as described by Yokoi and Akashi. The standard curve made
by this modified method was linear up to 120 ug N. The experimental error was in the range of 2.0
ug N.

6. Delermination of lysozyme activity

Two mecthods were used in this study.

1) Turbidity method

The M. Iysodeikticus suspension used as substratc was prepared as described by Smolelis and
Hartsell (1949). The bacterial suspension was made in saline buffered with M/15 phosphate buffer,
pH 6.0, at a concentration of 1.4 mg of lyophilized cells per ml and was homogenized. A standard
curve for lysozyme activity was obtained as follows. Two ml of prewarmed phosphate buffered saline
containing varying amounts of lysozyme were mixed with 2.0 ml of prewarmed bacterial suspension,
and the mixtures were incubated at 37°C for 5 minutes. The turbidity was estimated in a Beckman
spectrophotometer at 540 mu and the reduetion in turbidity plotted against the concentration of
lysozyme.

i1) Capillary method

When a very small amount of sample was to be assayed, this capillary method designated, as the
micromethod, was used. The bacterial suspension was made in saline containing M/15 phosphate
buffer, pH 6.0 at a concentration of 9 mg dry cells per ml and was homogenized. To one volume
of the baeterial suspension were added 10 volumes of melted soft agar (0.67 per cent in saline contain-
ing M/15 phosphate buffer at pH 6.0) and the mixture was stirred thoroughly at 50°C. Glass capillarics
(0.7 mm inner diameter) were filled with the mixture and then cut into about 5 cm lengths. When
cool onc tip of each capillary was sealed. The open tip of the capillary was inserted into the test
sample and incubated at 37°C for 17 hours. The length of the transparent zone was measured.
This assay method enabled us to estimate lysozyme in two drops of standard sample containing from
0.01 to 0.3 ug N per ml.

7.  Gelfiltration

For the separation of proteins of different molecular weight, gel filtration at 4°C was employed.
For this purpose a column of Sephadex G-75 or G-200 (Pharmacia) was used. In this experiment
Sephadex particles were wetted with saline containing M/50 phosphate buffer, pH 6.0, and cluted
with the same buffered saline.

8. Conceniration of protein solution by Scphadex G-25

An appropriate amount of dry Sephadex G-25 was added to the protein solution to be concen-
trated. The particles were separated on a glass filter.
9. Polyglutamate(A-GPP) of B. anthracis and A-GPP antiserum

These materials were supplied by Dr. Utsumi of this laboratory, who used the same batches of
materisls in his study (Utsumi et al., 1939).
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10. Bovine serum albumin antiserum
Immunization of rabbits to bovine serum albumin (Armour, powder) was accomplished in the
same way as with HL.
11.  Gel diffusion experiment
Ouchterlony’s method (1949) was employed.
12. Ultracenirifugation

Ultracentrifugal analysis were performed in a Hitachi Model UCA-1 ultracentrifuge and sub-
stances with different sedimentation constants were. separated in a linear sucrose density gradient
in a Hitachi Model 40P ultracentrifuge with a swinging-bucket type rotor.

RESULTS

1. Isolation of polypeptides which inhibited precipitation after peptic digestion of HL

A purified preparation of HL was digested by pepsin at pH 1.62 and the split
polypeptides were separated from intact HL. by chromatography on IRC-56 (XE-
64) ion-exchange resin at pH 7.18. The polypeptide fraction was rechromato-
graphed at pH 6.6 and two fractions (Fr. 1 and Fr.'2) were obtained.

2.0

Folin Reaction!O.D.at 750mu)

IZOV 2’0 3‘0 4 0 50 60
! Tube No.
Fig. 1. Column Chromatography of Untreated HL

IRC-50 (XE-64): 1.5%30 cm column, M/5 P-buffer, pH 7.18, 25°C.
Fraction size, 2.8 m}; rate of elution, .4 mi per hour.
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Fig. 2. Column Chromatography of Pepsin-digested HL.

IRC-50 (XE-64): 932 cm column, M/5 P-buffer, pH 7.18, 25°C.
Fraction volume, 30 ml; rate of elution, 180 ml per hour.
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Pepsin (Difco) was obtained in crystalline form and reerystallized according to the method of
Northrop. 1864 [P.U.] cas.,275, y-Tvr. of crystalline pepsin in a volume of 3.58 ml at pH 1.62 (adjusted
with 0.1 N HCI) were added to 347 ml of 1.28 per cent HL solution at pH 1.62 (adjusted with 0.1 N
HCI) and the mixture was incubated at 40°C for 1 hour. The pH was adjusted to 7.0 and the mixture
centrifuged at 3,000 vpm for 20 min. The supernatant was applied to a column (9 X 32 cm) of IRC-
50 (XE-64) equilibrated with M/5 phosphate buffer, pH 7.18, saturated with thymol. It was cluted
with the same buffer at 25°C.  The protein and polypeptides were measured with Folin reagent.  Fig.
1 shows a chromatogram of untreated HL and-Fig: 2-shows the polypeptide fraction scparated from
intact HL. This fraction was desalted according to the method of Dixon (1959): glacial acetic acid
was added to the sample to 5 per cent and the solution was applied to a column (3 < 20 cm) of IRC-
50 (CG-50) equilibrated with 0.1 N acetic acid. The phosphate buffer was removed by elution of
the column with 0.1 N acetic acid until no sodium ion was detected by the flame veaction.  Adsorbed
polypeptides were cluted with 0.4 M ammonium carbonate buffer, pH 9.0. Fraction A containing
polypeptides was lyophilized to remove ammonium carbonate. )

The polypeptides were rechromatographed on a similar column equilibrated
with M/5 phosphate buffer, pH 6.6, saturated with thymol and eluted with the
same buffer. Two fractions were obtained, as shown in Fig. 3. These fractions
were also desalted and lyophilized. Seventy seven mg of Ir. 1 and 305 mg of Fr. 2
were obtained.

0.1}

Biuret Reaction (O.D.at 555mu}

50 104Q
Tube No.

Fig. 3. Rechromatography of Fraction A of Fig. 2

IRC-50 {XE-64): 932 cm column, M/5 P-buffer, pH 6.6, 25°C.
Fraction size, 30 ml; rate of elution, 180 mi per hour.

2. Inhibitory ¢ffect of Frs. 1 and 2 on the precipitin reaction

The polypeptides thus obtained inhibited the precipitin reaction of some but
not all batches of HL antiserum with homologous antigen HL.

HL antiscrum batch LF-16 was used and 7.3 ug N of HL was equivalent to 0.2 ml of the antiserum.
Varying amounts (15, 30, 60, 120 zg N) of Fr. 1 or Fr. 2 in 1.0 ml of salinc containing M/50 phosphate
buffer, pH 6.0, were added to tubes containing 0.4 ml of 1:2 dilution of the antiserum. The tubes
were set up in duplicate (A and B series) for each polypeptides fraction.  As a control, a tube was set
up containing 1.0 ml of buffered saline in place of the polypeptides solution.

All the tubes were incubated at 37°C for 30 min. and after 30 min. all were quite clear. Then
0.5 ml aliquots of buffered saline, containing 7.3 ug N of HL, were added to the tubes in series A and
also to the control tube. To the tubecs in series B 0.5 ml aliquots of buffered saline were added.  All
the tubes were again incubated at 37°C for 1 hour and then at 4°C for 48 hours. The amount of
protein precipitate was estimated. The results are shown in Fig. 4. As the tubes in series B of Frs. 1
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and 2 were quitc clear and no significant precipitate was found, these results are not included in Fig. 4.
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Fig. 4. Inhibition of Specific Precipitation in a System Containing HL and
Anti-HL Serum by Two Polypeptide Fractions

HL: 7.3 #g N
Anti-HL Serum: 0.2 ml
(LF-16}

As can be seen in Fig. 4, Fr. 2 inhibited the precipitin reaction strongly and
the maximal inhibition caused by the two fractions was about 40 per cent. As
neither fraction gave a precipitate, they could be regarded to be univalent.

Table 2. Inhibition of Precipitation in a System Containing B. anthracis G.P.P.
and Its Homologous Antiserum by Two Fractions of Polypeptides

Tube No.
1 2 3 4 5 6 7 | 8
Fr. (60 pgN/0.5mh | 0.5ml  — - 0.5m  — 0.5m  — -
Fr.2 160 ugN/0.5 mit | — 0.5m  — — 0.5m | — 0.5 ml -
Buffered Saline ml — — 0.5 —_ — 0.5 0.5 0.5
Anti G.P.P. Serum m] 0.5 0.5 0.5 0.5 0.5 - — 0.5

Incubated at 37°C for 30 min

G.P.P. {100 ug/ml) mi 0.5 0.5 0.5 — — 0.5 0.5 —_
Buffered Saline ml — — — 0.5 0.5 — — 0.5

Incubated at 37°C for 1 hr. and at 4°C for 48 hrs.

Total ppt gN 1214 1140 117.0 5.5 6.1 6.0 6.2 7.0
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To demonstrate the specificity of the inhibitory effect of the two polypeptide
fractions, the inhibitory effect was studied in the system composed of polygluta-
mate (GPP) of B. anthracis and its homologous antiserum.

The amount of antigen at the equivalence point was 50 ug per 0.5 ml of the antiserum. Sixty
ug N of each fraction in 0.5 ml of buffered saline were added to two tubes containing 0.5 ml of GPP
antiserum. After 30 min. incubation at 37°C, 50 ug of GPP in 0.5 m! of buffered saline were added
to the tubes. The tubes were incubated at 37°C for 1 hour and then at 4°C {or 48 hours. The precipi-
tated protein N was estimated. The results are shown in Table 2.

As shown in Table 2, no significant inhibition was observed. From this fact
it can be assumed that these polypeptides are specific univalent inhibitors for HL.
Frieden (1956) described the competitive inhibition of HL Dby its inactive
methylated derivative. Therefore the competitive inhibition of the two poly-
peptides against HI, was studied. It was found that they exhibited no competitive
inhibition.

3. The inhibitory effzct of the polypepiide fractions on theneutralizing activity of batch LF-

16 of HL antiserum

Varying amounts (7.5, 15, 30 and 60 ug N) of each polypeptide fraction in 0.5 ml of buffered
saline, were added to tubes containing 1.0 ml of 1:20 dilution of the antiserum. A control tube was

Table 3. Specific Inhibition of the Neutralizing Activity of HL Antiserum
by Two Polypeptide Franctions

Tube No.
1 2 3 4 5 6 7 8 9 10 | 1" 12 | 13
i
Fr. 1
poNin0.5ml 75 18 30 60 — 60  — — —_
Fr. 2
ugN in 0.5 mi — 7.5 15 30 60 | — 60 _ —
BuFferemdl Saline . 0.5 2.0
HL-Antiserum
LF-16
(1:20 diluted 1.0 1.0 1.0 1.0 -
mi
Incubated at 37°C for 30 min.
AL 3.65 3.65 3.65 3.65 —
£#gNin 0.5ml : : : .
Incubated at 37°C for 1 hr. and at 4°C for 24 hrs,
S;: S“Spr:l"' 2.0 2.0 S 2.0 - 2.0
Buffered Saline
ml e e 2.0 — 2.0 —
Turbidity 0.581 0.582 0.595 0.5921; 0.590 0.575 0.598 0.595 0.013 0.012| 0.598 0.010 0.731
Ay 0.150 0.149 0.136 0.139 0.141 0.156 0.133 0.13 — — | 0.133 — | 0
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produced by a contaminant and that the neutralizing:antibodies for HL present
were non-precipitating. If so, the above results could easily be explained. To
test this possibility attempts were made to denature the neutralizing antibodies
leaving the HL intact and tests were made to see whether the HL was present in
the supernatant of the precipitin reaction or in the precipitate. Heating the
mixture at 100°C for 15 min. at pH 3.0 completely denatured antibodies in a 1:20
dilution of normal rabbit serum and this treatment destroyed only 20 per cent of
the HL activity. Precipitin reactions were performed at the equivalence point
and at three-fifths of the equivalence point. In both tubes HL was completely
neutralized.

The HL antiserum used in this experiment was {from batch LF-19, which behaved in the same
way as batch LF-16 with Frs. 1 and 2. Varying amounts (32.5 and 50 ug N) of HL in 2.5 ml of
saline containing M/50 phosphate buffer, pH 6.0, were added to tubes containing 2.5 ml of this
antiserum. Two control tubes were also included, in which the antiserum was replaced by normal
rabbit serum. The normal rabbit serum used in this study had previously been passed through
a column of Sephadex G-75 in buffered saline, pH 6.0, to remove serum lysozyme. The tubes were
incubated at 37°C for 1 hour and at 4°C for 7 days. After centrifugation, cach precipitate was sus-
pended in4.0ml of a 1:20 dilution of normal rabbit serum buffered at pH 3.0 with acetic acid.
The pH of the supernatants and two control tubes was also adjusted to 3.0 with acetic
acid. All the tubes were again incubated at 4°C for 7 days. Although a small portion of the
suspended precipitates did not dissolve, all the tubes were heated at 100°C for 15 min. Then the
pH was adjusted to 6.0 and the mixture were centrifuged. The activity of the recovered HIL was
estimated. In control tubes the recoveries of HL activity were 95 per cent of 50 ug N and 79 per cent
of 32.5 ug N. Therefore, the recoveries in experimental tubes were corrected by multiplying their
activities by 1/0.95 and 1/0.79, respectively. The experimental procedures and results are shown in
Fig. 6.

Fig. 6. Recovery of HL Activity from Precipitates and Supernatants at Equivelence
and an Anfibody Excess Points (HL-Anfi-HL Serum System)

Precipitate Supernatant

N
suspended in buffer i
|

\ ¥
adjusted to pH 3.0

incubo?ed at 4°C for 7 days
boiledvot IOOYQC for 15 min,
!
adjusted to piv-{ 6.0
!

Al
Estimation of HL activity

Recovery from Ppt, Recovery from Supernat.

Ab. excess Eq. point Ab. excess : Eq. point

88.3% L 72.7% ' 0% 0%
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As shown in Fig. 6, 73 and 88 per cent of the HL activities were recovered from
the two precipitates and no activity was recovered from either supernatant. There-
fore neutralized HL was precipitated. Thus the single precipitation line seen
between HL and HL antiserum of batch LF-16 on the Ouchterlony plate must be
formed by HL and its antibodies. These results show moreover that Frs. 1 and
2 inhibited the precipitin reaction of HL and not of a contaminant.

6. Dzmonstration of non-neutralizing antibodies for HL

The results described above suggest the presence of non-neutralizing pre-
cipitins for HL in batches LF-16 and LF-19 of HL antiserum. If these really
exist, it is conceivable that enzymatically active HL-antibody complexes are present
in the supernatant in the zone of extreme antigen excess. To prove this, the super-
natant of the precipitin reaction at the extreme of antigen excess was passed through
a column of Sephadex G-75 equilibrated with saline containing M/50 phosphate
buffer, pH 6.0, a pH at which there was no interaction of HL, with Sephadex
particles or association of HL with normal serum proteins.

536 ug N of HL in 8.9 ml of phosphate buffer, pH 5.65, (1 = 0.15) were added to a tube contain-
ing 4.5 ml of batch LF-13 HL antiserum, in which the precipitin reaction was also at maximum inhi-
bited about 40 per cent by Frs. 1 and 2. The amount of HL added corresponded to 6 times the
equivalence point. The pH of the mixture was 6.0. After incubation at 37°C for 1 hour and at 4°C for
3 days, the tube was centrifuged. Twelve ml of the supernatant were passed through a column
(3 x 104 em) of Sephadex G-75 equilibrated with saline containing M/50 phosphate buffer, pH 6.0.
Material was eluted with the same buffered saline. The eluate was collected in 10 mi fractions.
Their protein contents and HL activities were estimated.

0.0 .af 280mp
3.0 m “““ HL Activity 0.4
t
| : -
! 1 =
i H E
! / §
I 1
1
20 ! ; 0.4~
2 ! ' z
o~ H 1 .z
5 ; i 5
N 1 i <
s | ' =
o] i ' 1 T
1.0 :': I. Fr.2 : 0.2
H | x
[E S ! \
| i \
[ \
I / \
J: \ / \
1 N i \
. L L =’y I K 1
10 20 3¢ 40 50 &0 70

Tube No.
Fig. 7. Gel-filtiration with Sephadex G-75 of the Supernatant at
the Antigen Excess Zone of an HL-Anti-HL Serum System

Column: 3104 cm, M/50 P-buffered saline, pH 6.0, 5-10°C.
Fraction volume, 10 ml; rate of elution, 60 m! per hour.
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Fig. 8. Gel-filtration with Sephadex G-75 of a Mixture of HL and Normal Rabbit Serum

Column: 3104 cm, M/50 P-buffered saline, pH 6.0, 5-10°C.
Fraction volume, 10 ml; rate of elution, 60 ml per hour.

As shown in Fig. 7, HL activity was found in two fractions. Fr. 1 was found
at the end of the void volume of the column together with serum proteins. Fr. 2
was found at the end of the inner volume of the column and this fraction contained
free, unneutralized HL. A conuwrol experiment was performed with normal rabbit
serum in place of HL antiserum and no HL activity was found in the position of
Fr. 1, as shown in Fig. 8. These facts indicate that the activity found in Fr. 1 was
due to an active HL-antiboby complex. However it was possible that HL was
dissociated from necutralized complexes by a shift in chemical equilibrium caused
by the removal of free HL. If so, there would be no peak of HL activity in the
first fraction. To test this possibility, Fr. 1 was concentrated by adding dry Sep-
hadex G-25 particles and the mixture was then filtered through a glass-filter and

2.0 0.4 -
5 —— 0.0.at 280mp 3
s ——=== HL Activity °
0 —
o~
>
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Q: F1.0 i 0.2+ E
o] il =
i T
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[
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NN e
f s e S . L
10 20 30 40 50 60 70

Fig. 9. Repeat of Gel-filiration with Sephadex G-75 of Fraction | of Fig. 7.

Column: 1.5 48 cm, M/50 P-buffered saline, pH 6.0.
Fraction volume, 2.5 ml; rate of elution, 15 m! per hour.
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rechromatographed. At pH 6.0, HL was not adsorbed by Sephadex G-25 particles.
A portion of the concentrated Fr. 1 was chromatographed on a column (1.5 x 48
c¢m) in buffered saline at pH 6.0. The results are shown in Fig. 9. Again, the
first fraction showed a peak of HL activity and the peak of the second fraction was
lower than that of Fr. 1 of the first run. Therefore enzymatically active HL-
antibody complex was present in the supernatant and this antibody was definitely
a non-neutralizing antibody.

7. Ultracentr fugal studies on the enzymatically active complexes

To rzzonficm this, ultracentrifugal studies were made of Fr. 1 after concen-
tration as describzd above. A Hitachi madel 40P ultracentrifuge with a swing-
ing-bucket type rotor was used.

A linear gradient of sucrose density in saline buffered with M/50 phosphate at pH 6.0 (from
20 to 5 per cent) was made in a tube (total volume 4.2 mlj and 0.2 ml of concentrated Fr.1 was over-
layed on linearly varying sucrose concentration from 4 to O per cent (total volume 0.4 ml). As con-
trols, 0.2 ml of a mixture of normal rabbit serum and HL, and 0.2 ml of HL. were overlayed on two
other tubes. The centrifuge was rotated at 38,000 rpm for 18.5 hours at 4°C. After centrifugation,
a pin hole was made at the bottom of each tube and 2 drops of the contents were put into other
tubes. The HL activity was estimated by the capillarly method as described in Methods.  After esti-

o—— O.D. a1 280mu

A) Fraction | of Fig. 7 *—===% H[ Activity 50
A =B

B} Mixture of HlL and Normal Rabbit T 50
Serum /

SR Vo

.04} 4.0

O.D. ot 280 mu
p
o
HL Activity {mm}

04} 14.0

02}

\owgg P i e P TR P T T s NI Syexiyt
20 40 60 80 100
Drops

Fig. 10. Sucrose Density Gradient Cenirifugation Analysis of the Fraction | of Fig. 7.
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mation, 2.5 ml of saline buffered with M/50 phosphate buffer, pH 6.0, were added to the tubes and
the protein concentration was estimated in 2 Beckman spectrophotometer at 280 mu. The results
are shown in Fig. 10A, B and C.

Fig. 10A shows three protein peaks. The slowest moving component was
shown to be free HL when referred to the results shown in Fig. 10B and C. HL
activity was found in both serum protein fractions shown in Fig. 10A. To identify
the serum proteins, the following experiment was performed. Normal rabbit
serum was fractionated with ammonium sulfate, and the globulin was precipiteted
at 1/3 saturation and the albumin between 1/2 to 3/4 saturation. The albumin
fraction was purified further by zone electrophoresis to remove traces of globulin.
Using these serum protein fractions, ultracentrifugal studies were made under the
conditions described above. The results are shown in Fig. 11A, B and C. The
fast moving component and the slower moving component were shown to be
globulin and albumin, respectively. The positions of the two serum proteins in
Fig. 10A are superimposable with those in Fig. 11. Thus the globulin and albumin
fractions in Fig. 10A contained HL activity. As shown in Fig. 10B, no HL activity
was detected in globulin or albumin fractions of normal serum, so the HL activity
fround in the globulin of antiserum can be regarded as an enzymatically active

04}
Whole Serum

021

06F

04r
Albumin

o2r

O.D. of 280mpu

o0 6 800000

06

Q4r

§-Globulin

.02f

20 40 60 80 100
Drops

Fig. 11.  Ultracentrifugal Analysis of Normal Rabbit Serum Componenis
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complex, because the molecular weight of HL is very small (14,500). However,

the reason why the albumin fraction bad HL activity could not be explained.

To study this, batch LF-18 of HL antiserum of the same character was frac-
tionated with ammonium sulfate in the same way as normal rabbit serum. The
same excess of HL was added to tubes containing globulin and albumin. After
incubation at 37°C for | hour and at 4°C for 2 days samples were centrifuged and
the supernatants passed through a Sephadex G-75 column in buffered saline, pH
6.0. As shown in Fig. 12A and B, an active complex was found in the globulin

~——0.D.at 280mp
“““ HL Activity 0.6
1.0
1 1 P
/ i 0440
ES { i o
E i 1 |
) ! i -
© | \
« ! \ Z
5 05 i i 2z
s | i <
o i \ 0.2+ z
I v
] A
! \
I AY
S/ /\ \
30 40 50 60 70
Tube No.
Fig. 12. A} Gel-filtration with Sephadex G-75 of Antigen Excess Supernatant
of System of HL and Euglobulin of HL-Antiserum
Column: 3104 cm, M/50 P-buffered saline, pH 6.0, 5-10°C.
Fraction volume, 10 mi; rate of elution, 60 ml per hour.
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Fig. 12. B) Gel-filiration with Sephadex G-75 of o Mixture of HL and Albumin of HL-Antiserum

Column: 3104 cm, M/50 P-buffered saline, pH 6.0, 5-10°C.

Fraction volume, 10 ml; rate of elution, 60 ml per hour.
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fraction, but not in the albumin fraction. The globulin fraction with HL activity
was concentrated, as described above, and analyzed by ultracentrifugation. The
results are shown in Fig. I3A and B. Fig. 13A shows that HL activity appeared in
4 peaks. The fourth peak was shown to be free HL.. The second peak was
superimposed on the globulin fraction. The first peak of HL activity corresponded
to the position of macroglobulin, calculated according to the method of Nomura,
Hall and Spiegelman (1960). However it is not yet known whether HL was
bound to the macroglobulin (19S) or whether the HL was still active in a complex
with 6 molecules of 7S-antibody. The third peak was slightly slower than albumin,
the peak of which could not be detected. A non-neutralizing antibody of smaller
molecular weight than 7S may therefore have been present.
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w-x H L Activity

5 0 15 20 25 30 35 4

06r

O.D.at 280mu
HL Activity {mm}

021 <J

TGS TR0 25 30 35 40 45
Tube No.

Fig. 13. Ultracentrifugal analysis of Antigen Excess Supernatant of System of
HL and Euglobulin of HL-Antiserum

8.  Gel filtration of the soluble complex through Sephadex G-200

Sephadex G-200, which is a molecular sieve for molecules of less than about
200,000 molecular weight was used for the analysis of active HL-antibody com-
pexes. Sephadex column (1.5 X 106 cm) separated proteins of varying molecular
weights of less than 200,000 very effectively.

The soluble complex was obtained at the antigen excess point when 6 times the amount of HL
corresponding to the equivalence point of batch SK-2 of HL antiserum, was added. With batch SK-
2 the precipitin reaction with HL was also inhibited by the polypeptides. The supernatant (2.0 ml)
was filtered through a column of Sephadex G-75 (1.5 x 52 cm) to separate free lysozyme. The
serurn protein fractions were collected and concentrated by adding dry Sephadex G-25 particles and
then filtered through a glass filter. The concentrated material (2.0 ml) was filtered through the
column of Sephadex G-200. Material was cluted with saline containing M/50 phosphate buffer, pH
6.0. The results are shown in Fig. 14.
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Fig. 14. Gel-filiration with Sephadex G-200 of Antigen Excess Supernatant (HL~SK-2 System)

Column: 1.5% 106 cm, M/50 P-buffered saline, pH 6.0, 5°C.
Fraction volume, 3.3 ml; rate of elution, 3.3 m! per hour.

The first protein peak had previously been shown to contain the 195 com-
ponent in addition to larger serum proteins and complexes with molecular weights
of over 200,000, and the third and fourth peaks were also shown by ultracentri-
fugation to be globulin (7S) and albumin (4.25). The second peak was assumed
to be an antigen-antibody complex with a molecular weight of between 160,000
and 200,000. The lysozyme activity found in this fraction can be regarded as the
active complex. The lysozyme activity in the peak superimposable with albumin
clearly demonstrates the presence of an active complex of almost the same size as
the albumin molecule.

As a control, a heterologous rabbit antiserum (anti-(bovine serum albumin))
was mixed with the sams amount of HL and filtered directly through a similar
sized Sephadex G-200 column. It was eluted with the same buffered saline (pH
6.0). No lysozyme activity was found in any serum protein fraction, as can be
seen in Fig. 15.

The experiment was repeated using a column equilibrated with saline con-
taining M /50 phosphate buffer, pH 6.5, eluted with the same buffered saline. In
this case also no lysozyme activity could be seen in any serum protein fraction.
If the small sized non-neutralizing antibody was really present in HL antiserum,
it scemed also possible that the small sized neutralizing antibody could be
demonstrated. To study this possibility, batch LF-18 of HL antiserum, which
had an active complex which was the same size as albumin, was passed directly
through a Sephadex G-200 column of the same size, at pH 6.0. The neutralizing
activity against HL, was measured in each fraction of eluate. As shown in Fig. 16,
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Fig. 15. Gel-filtration with Sephadex G-200 of a Mixture of HL and
Heterologous Rabbit Antiserum (Anti-Bovine Serum Albumin)
Column: 1.5 106 cm, M/50 P-buffered saline,, pH 6.0, 5°C.
Fraction volume, 3.3 ml; rate of elution, 3.3 ml per hour.
Therefore,

the neutralizing activity was found only in the 7S globulin fraction.
1t was necessary to see whether the active complex of small molecular weight was

rcally a complex of HL with a fragment of non-neutralizing antibody.
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Fig. 16. The Neutralizing Activity against HL of HL-Antiserum Protein
Fractions after Gel-filtration with Sephadex G-200
Column: 1.5x106 cm, M/50 P-bufiered saline, pH 6.0, 5°C.
Fraction volume, 3.3 ml; rate of elution, 3.3 ml per hour.
1 #g N HLin 2.0 ml of M/50 P-buffered saline was added each fube of effluent. After the tubes had
been incubated for 1 hour at 37°C, and overnight at 4°C, the Iytic activities of the contents were estimated.
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. DISCUSSION

Since the HL preparation gave a single precipitation line against homologous
antiserum, the preparation could be regarded immunologically homogeneous, if
HIL was precipited by antiserum. If HL were not precipited, the precipitation
line must be due to an antigen which was immunclogically distinct from HL.
The polypeptides obtained by digesting the HL preparation with pepsin at pH
1.62, could easily have been shown to be derived from HL, if they had inhibited
the neutralization of HL by homologous antiserum. However, they only inhibited
the precipitin reaction of some batches of HL antisera and did not inhibit neutrali-
zation. Therefore, it could not be shown duectly that they were derived from
HL. To show that they were, attempts were made to demonstrate that HL was
precipitated by homologous antiserum, the precipitin reaction of which with HL
was inhibited by the polypeptides. As added HL was completely neutralized by
antibodies at the equivalence point of the antiserum, the objective could only be
achieved by recovering active HL from the precipitates after specific inactivation
of the antibodies. For this purpose, the precipitates at the equivalence and at
three-fifths of the equivalence and both supernatants were kept in the cold at pH
3.0 for 7 days to dissociate the antigen-antibody complexes and were then boiled.
Lysozyme is quite stable on boiling at pH 3.0 but antibodies are inactivated. In
this experiment, HL could be recovered from both precipitates but not from either
supernatant. Therefore it was proved that HL was precipitated by the antiserum,
and that the single precipitation line was due to HL and not to a separate con-
taminant. Since a mixture of the HL preparation and the antiserum contained
only one precipitin system for HL, the precipitin-inhibiting polypeptides can be
assumed to have been derived from HL. In addition, it can also be assumed that
HL antiserum contained non-neutralizing antibodies for HL.

There was suggestive evidence for the presence of non-neutralizing antibodies
in HL antiserum. So it was probable that an active HL-antibody complex could
be found in the supernatant of the precipitin reaction in the antigen excess zone.
This active complex was demonstrated by gel filtration experiments using Sephadex
G-75. HL activity was found in the serum protein fraction. The fraction was
concentrated and rechromatographed on another column of the molecular sieve
and again HL activity was found in the serum protein fraction while the activity
of free HL was much lower than that of the serum protein fraction in the first run.
This showed that the activity was not due to free HL dissociated from the neutra-
lized complexes.

Since the molecular weight of a complex consisting of two HL molecules and
one antibody molecule must be 190,000, assuming that the molecular weight of
antibody is 160,000, the active complex must behave very like normal y-globulin
on ultracentrifugation. To demonstrate this, ultracentrifugation was carried out
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in a linear sucrose density gradient using a swinging-bucket type rotor. An active
complex of almost the same size as y-globulin was found. In additon, HL activity
other than free HL, was found in albumin and macroglobulin fractions. The
activity in the albumin fraction was shown to be unrelated to albumin but was
found to have been due to HL associated with a globulin of lower molecular weight.

As the lysozyme activity n this ultracentrifugal experiment was estimated by
the capillary method, the HL activity in each fraction was not comparable because
free HI. and -active complexes must diffuse in soft agar at different rates. To
obtain comparable results on the HL activity of the different fractions, gel filtration
experiments were carried out using Sephadex G-200. In this experiment, much
activity was found in a fraction with a molecular weight of between 200,000 and
160,000. This indicates the presence of an active complex consisting of one anti-
body molecule and one or two HL molecules. In addition, an active complex of
similar size to albumin was again found. Neither normal rabbit sera nor hetero-
logous immune rabbit sera formed an active complex with serum protein in gel
filtration or ultracentrifugal experiments. However, it can not be stated at present
that non-neutralizing antibody of low molecular weight was present in HL anti-
serum, because it was impossible to detect neutralizing antibody of low molecular
w:ight.

The cause of the production of the non-neutralizing antibodies with the purified
HL preparation by immunized rabbits must be considered here. There are two
possible explanations for this. First, antigenic sites far from the active centre of
HL may evoke non-neutralizing antibodies. Sccondly, the HL preparation may
contain some partially denatured HL molecules, which are enzymatically active and
the denatured parts of these may bear antigenic sites of different specificity to the
native molecule. The antibodies evoked by such antigenic sites may be non-
neutralizing and such antibodies may form an enzymatically active complex with
partially denatured HL. However, the first explanation is the more likely.

ACKNOWLEDGEMENTS

The authors express their deep gratitude to Dr. Ellis T. Bolton of the Carncgic Institution of
Washington for his advice on ultracentrifugal studies in a linear sucrose density gradient. They also
thank Dr. Konosuke Fukai and Miss Kazuko Kawai of this Institute and Dr. Kinji Kakiuchi of the
Institute for Protein Research, Osaka University, for operating the ultracentrifuge.

REFERENCES

Dixon, H. B. F. (1959). A method of desalting certain polypeptides.  Biochim. Biophys. Acta. 34, 251~
253.

Folin, O. and Wu, H. (1919). A system of blood analysis. /. Biol. Ghem. 38, 81-110.

Fraenkel-Conrat, H., Mohammad, A., Ducay, E. D. and Mecham, D. K. (1951). The molecular
weight of lysozyme after reduction and alkylation of the disulfide bonds. J. Am. Chem. Soc. 73,
625-627.

Frieden, E. H. (1956). Enzymoid properties of lysozyme methyl ester. J. Am. Chem. Soc. 78, 961-965.



200 " SHINKA, IMANISHI, KUWAHARA, FUJIO axo AMANO

Fujio, H., Kishiguchi, S., Shinka, S., Saiki, Y, and Amano, T. (1959). Immunochemical studies
on lysozyme. I. Comparative studies of lysozyme and lysozyme methyl ester. Biken's J. 2, 55-
76.

Heidelberger, M. and Kendall, F. E. (1935). A quantitative theory of the precipitin reaction.
III. The reaction between crystalline ¢gg ablumin and its homologous antibody. J. Exptl.
Med. 62, 697-720.

Jolles, P., Jollés, J.T. and Fromageot, T. (1958). Symposium on protein structure (p.277), Edited
by Neuberger, A. London, Mecthuen and Co. Ltd. New York, John Wiley & Sons Inc.

Joligs, P. and Jolles, J. T. (1961). Structure chimique du lysozyme de blanc d’ oeuf de poule. Compt.
rend. U Acad. Sci. (Paris) 253, 2773-2775.

Kabat, E. A. (1938). A critique of precipitin methods as applied to the elucidation of immunoche-
mical relationships among antigens. In Serological and biochemical comparisons of proteins, p.92.
Rutgers Univ. Press.

Nomura, M. Hall, B. D. and Spiegelman, S. (1960). Calculation of sedimentation coeflicients in
density and viscosity gradients. J. Mol. Biol. 2, 342-326.

Northrop, J. H. (1930). Crystalline pepsin. 1. Isolation and test of purity. J. Gen. Physiol. 13, 739-
766.

Ouchterlony, O. (1949). Antigen antibody reactions in gels.  Ark. Kemi. Mineral. och. Geol. 20, 1-9.

Smolelis, A. N. and Hartscll, S. E. (1949). The determination of lysozyme. J. Bacteriol. 58, 731-736.

Utsumi, S., Torii, M., Kurimura, O., Yamamuro, H. and Amano, T. (1959). Imwmunochemical
studies of bacterial glutamyl polypeptides. Biken’s J. 2, 165-176.

Yokoi, H. and Akashi, S. (19553). An improved Kjeldahl-Nessler method. Nagoya Med. J. 3,91-104.



	181
	jrimd_05_181



