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UMMARY Four immunologically active peptides were purified from a peptic
digest of hen egg white lysozyme and their chemical structures were elucidated.
They were all located between Gln®” and Alal%?, but each had a cleavage in the

loop between Cys80 and Cys%.

The chemical structure of one of these was

elucidated by sequential analysis of the peptides formed by tryptic digestion.

The four peptides obtained by pepsin digestion seemed to bear at least one anti-
genic determinant. They inhibited the precipitin reaction of the homologous system
by a maximum of about 25 per cent, but did not inhibit the neutralization by anti-

bodies.

A peptide obtained by trypsin degradation, consisting of three peptide sequences
Trp®-Arg®, Asn™-Leu® and Leu®-Lys® linked by two disulfide bonds, Cys-
Cys®® and Cys™-Cys?, was also found to bear weak but definite immunological

activity.

INTRODUCTION

Hen egg white lysozyme (HL) is a very sui-
table protein antigen to study, because, 1) its
molecular weight (14,300) is one of the lowest of
all antigenic proteins, 2) it is very stable, 3) its
amino acid sequence has already been es-
tablished by JoLLEs et al. (1963, 1964, 1965)
and independently by CANFIELD and his co-
workers (1963, 1965), 4) its tertiary structure
was elucidated by X-ray analysis by BLAKE et
al. (1965), the amino acid residues playing

roles in fixing the substrate on the molecule
(mainly Trp®?) (HavasHI et al., 1965; BLAKE
et al., 1965; PuILLIPS, 1966) and in hydrolyzing
a glucoside linkage (Glu®* and Asp®2) (BLAKE
et al., 1965; PHILLIPS, 1966) were suspected,
and 5) its enzymic activity can be neutralized
completely by antibodies when cells of Micro-
coccus lysodeikticus are used as substrate.
Therefore, this enzyme has . been analyzed im-
munochemically in this laboratory (Fujio et
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al., 1959, 1962; SHINKA ef al., 1962; SHINKa,
1963). In these studies, SHINKA et al. (1962)
described two peptides which were split from
HL by pepsin and capable of inhibiting the
precipitin reaction of the HL~ anti-HL system
but not neutralization. In addition, these
peptides could not be precipitated by HL
antiserum. These peptides were shown to be
derived from HL and not from traces of con-
taminating protein, and through these studies
the presence of non-neutralizing but precipitat-
ing antibodies was demonstrated.

Studies were continued to isolate pure pep-
tides with immunological activity. However
the peptides isolated by Amberlite IRC-50
(XE-64) chromatography had molecular
weights of about 20,000 as estimated by
Archibald’s method (ArcuIiBALD, 1947; Krai-
NER and KEGELES, 1956). This indicates that
they were polymerized, because the molecular
weight of HL is 14,300. Accordingly, at-
tempts were made to purify immunologically
active peptides in a non-polymerized form.
For this purpose, chromatographic procedures
were carried out as far as possible at acidic pH
(RYLE and SANGER, 1955; SPACKMAN ef al,
1960), and four immunologically active pep-
tides were isolated. They all inhibited the
precipitin reaction but not neutralization reac-
tion, and their chemical structures were eluci-
dated. , Four other immunologically inactive
peptides were also isolated and their structures
were clarified.

MATERIALS AND METHODS

1. Hen egg white lysozyme (HL)

Isoelectric crystals of HL, were obtained from hen
egg white according to the method of ALDERTON and
FevoLp (1946). For pepsin digestion, four times
recrystallized HL was used, and for immunizing
rabbits, HL was recrystallized three times and then
purified further by IRC-50 (XE-64) column chro-
matography according to the method of Hirs et al.
(1953).

2. Antisera

HL antisera were prepared as described in our
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previous report (FujyIo et al., 1959). Ten mg of HL
with incomplete Freund’s adjuvant were injected into
a rabbit subcutaneously once a month and immuniza-
tion was continued for 3-4 months. Rabbits were
bled 2 weeks after the last injection. Batches No.
332 and 166 of antiserum were employed in this
study; the total precipitated protein N per ml of
antiserum at the equivalence point and the amounts
of HL. added as protein N were 508 ug N: 30 pg N
(No. 332) and 460 g N: 27 ug N (No. 166). The
antisera were inactivated at 56°C for 30 minutes and
serum lysozyme was removed by treatment with
Bentnite (Wako Pure Chemicals) according to the
method of INar ef al. (1958).

Antiserum for bovine serum albumin (BSA)
(Armour, powder) was obtained in a similar manner
to HL antisera. The total precipitated protein N
per ml of antiserum at equivalence was 630 ng and
the amount of BSA added was 52 pg N,

3. Proteolytic enzymes

Crystalline pepsin was prepared from crude com-
mercial pepsin (Difco) according to the method of
NorTHROP (1930) and recrystallized 5 times. The
activity was estimated in international units.

Crystalline trypsin (batch No. TRSF 839) and
carboxypeptidases A and B (CoA-DFP, CoB-DFP)
were obtained from Worthington Biochemical Corp.

4. Sephadex and carboxymethyl (CM) cellulose

Sephadex G-75 (medium) and G-25 (fine) were
purchased from Pharmacia Co. and CM cellulose
(200-400 mesh) from Serva Co.

5. Quantitative precipitin reaction

The experiments were performed according to the
method of HEIDELBERGER and KENDALL (1935) and
precipitated protein N was estimated by direct Nes-
slerization (Yokor and AxasHI, 1955).

6. Quantitative inhibition of precipitin reaction

Various amounts (1-40 ug N) of each peptide dis-
solved in 0.2 ml of phosphate buffered saline (pH
6.0) were added to aliquots of 0.1 ml of HL antiserum
(batch No. 332) in conical tubes and a control tube
containing saline in place of peptide solution was also
set up. After incubation at 37°C for 30 minutes,
50 ul of buffered saline containing 3 ug N of
HL (equivalent to 0.1 ml of antiserum) were added.
The tubes were incubated at 37°C for 1 hour, then
at 4°C for 48 hours and then centrifuged in the cold.



After washing the precipitates twice with 2.0 ml of
chilled buffered saline, they were dissolved with
50 ul of 1N NaOH and the total volume was
adjusted to 3.0 ml. Optical densities of the solutions
were read at 280 my and the degree of inhibition was
calculated by reference to the control.

The inhibitory effects of the peptides which did
not reduce the amount of protein N precipitated were
further examined by estimating the delay in the time
of developement of turbidity at 475 mu in a Gilford
automatic recording spectrophotometer (Model
2000). In this experiment batch No. 166 of HL

antiserum was used.

7.  Estimation of HL activity and inhibitory effects
of peptides on the neutralizing activity of HL antiserum

Both estimations were carried out as described in
our previous report (SHINKA et al., 1962).

In estimating the inhibitory effect, solutions of
various concentrations of a peptide were incubated
at 37°C for 60 minutes with HL antiserum and then
the maximal amount of HL which was completely
neutralized by the antiserum was added. After in-
cubation at 37°C for 60 minutes, HL activity was
estimated.

8. Amino acid analysis

The amino acid composition of the peptides was
analyzed in a Beckman-Spinco amino acid analyzer,
Model 120B, by the procedures of Tsucrta and
FRAENKEL-CONRAT (1962) following the instructions
for the analyzer. Hydrolysis was carried out at
105°C£1°C for 24 hours. The molar ratios of
amino acids were calculated on the basis of Glu or
Gly.

Tryptophan was determined spectrophotometri-
cally by the method of GoopwiNn and MorToN
(1946).

Half cystine was analyzed after performic acid
oxidation (Hirs, 1956).

9. Terminal amino acid sequence

The N-terminal sequence was analyzed by the
phenyl isothiocyanate (PTC) method and phenyl
thiohydantoin amino acids were identified by paper
chromatography with solvent F according to the
method of SyéQuisT (1953, 1956).

The C-terminal sequence was analyzed with car-
boxypeptidase (enzyme/peptide ratio=1:50) and
the amino acids reliesed were measured in the ana-
lyzer.

10.  Paper-electrophoresis

High voltage electrophoresis was carried out to
purify the peptides using the apparatus described
by Katz et al. (1959) with pyridine-acetate buffer.
Toyo-roshi No. 51A paper was used.

11, Optical rotatory dispersion (ORD)

ORD was determined in a Rudolph 200 S photo-
electric polarimeter at room temperature in the range
of 578-365 mu using a mercury arc lamp as a light
source.

12, Determination of peptide concentration

Peptides were determined by absorption at 280 mu
and/or at 570 mp after the ninhydrin reaction. The
latter was carried out according to the method of
Cocxing and YEMM (1955).  Concentrations of pure
peptides were determined by UV absorption or as
protein N by direct Nesslerization (Yokor and Axa-
sHI, 1955).

13.  Desalting

Peptide solutions were desalted according to the
method of DixoN (1959) using an IRC-50 (CG-50)
column. Peptides were eluted with 50 per cent
acetic acid and then lyophilized.

14.  Molecular weights

Molecular weights were estimated by ultracen-
trifugation according to Archibald’s method (ArcHI-
BALD, 1947; KLAINER and KEeceLgs, 1956). Runs
were carried out at 27,160 rpm and calculations were
made with data obtained from the meniscus and
assuming the partial specific volume to be 0.7.

RESULTS

1. Peptic digestion of HL and isolation of
peptides

As described in our previous report (SHINKA
et al., 1962), HL was digested by pepsin at
pH 1.62. To 1000 ml of 1.21 per cent HL
solution, dissolved in 0.1 N HCI and adjusted
to pH 1.62 with concentrated NaOH, were
added 3.3ml of pepsin solution containing

5200 I.P.U. [I%#% and the mixture was in-

cubated at 40°C for 1 hour. No appreciéble
change of pH was found during the incubation.
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After digestion, the pH was adjusted to 5.0
with ammonium hydroxide and the solution
was lyophilized.

Then 2.1 gr of the lyophilized material were
dissolved in 1000 ml of 0.05 m acetate buffer
at pH 3.85 and applied to a CM cellulose
column (3 x40 cm) equilibrated with the same
buffer. The column was washed with 2500 ml
of the same buffer. Elution was performed at
25°C at a flow rate of 320 ml per hour with
6000 m! of 0.05m acetate buffer at pH 3.85
containing NaCl in a linear concentration
gradient up to 0.15 M and then with a linear
gradient mixture of 2000 ml 0.05 M acetate
buffer at pH 3.85 containing 0.15 M NaCl and
2000 ml of 0.2 M phosphate buffer at pH 8.0.
The fraction volumes were 18.8 ml and the

peptides were estimated by their O.D. at
280 mu and by the ninhydrin reaction. As
shown in Fig. 1, about 20 peaks were observed
and the last component which had HL activity
was regarded as intact HL. However, the
other fractions were devoid of enzyme activity.
The reproducibility of the chromatographic
pattern was confirmed in repeated runs.
Preliminary tests were carried out on the
immunological activity of each fraction. An
aliquot of each fraction (Frs. 6~15) was lyo-
philized and dissolved to saturation in 1.0 ml
of saline containing 0.02 M phosphate buffer
at pH 6.0. The solution was applied to a
Sephadex G-25 column (1x30cm) equili-
brated with the same buffered saline and frac-
tion volumes of 2.8 ml were collected. Then

0.05M Acetate buffer pH3.85 0.05M Ac.buff. pH3.85_0.2M P.buff.
Linear Gradient of NaCl (0—+0.15M) 0.15M NaCl pH.8.0
Gradi 1.51
radient
final buff.
Y
1
0.6 i |
. l !
8 15 P
: \ o
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Ficure 1 CM-cellulose chromatography of peptic digest of HL.
column size : 3x40cm;
fraction volume : 18.8 ml per tube;
temperature : 25°C
OD at 570 mu (ninhydrin reaction)
+ OD at 280 mpu
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FiGure 2 a, b, ¢, d

Quantitative precipitation inhibition of HL~anti-HL system by peptic peptide of HL.

Various amounts of peptic peptides were added to a series of tubes containing 3 pg N of HL and
0.1 ml of HL antiserum (No. 332).
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0.3 ml of the peak component was added to the
HL ~anti-HL system and degree of inhibition
of the precipitin reaction was measured. Frs.
6, 7 and 8 were found to be immunologically
active but Frs. 9, 10, 11, 12, 13, 14 and 15
were inactive. The other fractions have not
yet been examined.

The contents of the tubes containing each
immunologically active fraction (Frs. 6, 7 and
8) were each pooled and diluted 3 times with
distilled water and each solution was applied
to a CM cellulose column (1.5 x 30 ¢cm) equili-
brated with 0.05 M acetate buffer at pH 3.85.
After washing with the same buffer, elution was
carried out with 0.05 M acetate buffer at pH
5.0 containing NaCl in a linear concentration
gradient up to 0.1 M. After chromatography,
several minor components were found in addi-
tion to the main components. The same pro-
cedure was repeated once or twice more, and
each fraction was desalted according to Dixon’s
method. In the case of Fr. 7, two main com-
ponents (Fr. 7a and 7b) were separated, and
Frs. 7a and 7b were both purified further by
rechromatography. In some batches of peptic
digests of HL, Fr. 7b could not be found,
though the experimental conditions were the
same as deseribed above.

Thus purified Frs. 6, 7a, 7b and 8 were ob-
tained, each with a yield of about 3 per cent,
and this value corresponded to about 9 per
cent molar recovery per mole of HL if the
molecular weights of these fractions are as-
sumed to be 5338. (This value was obtained
from data on amino acid analysis, as described
below).

2.  Immunological activity of Frs. 6, 7a, 7b and
8

The peptides (Frs. 6, 7a, 7b and 8) gave no
precipitin reaction with HL antisera in tubes
or in agar gel and had neither lysozyme ac-
tivity nor ‘ enzymoid ” activity, which com-
petitively inhibited HL activity in the presence
of substrate (FRIEDEN, 1956). However, they
were active in inhibiting the precipitin reaction
of the HL. ~anti-HL system. Therefore, quan-
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titative studies were made on the inhibitory
activity of each peptide.

The results are shown in Figs. 2a, 2b, 2c
and 2d. As can be seen, the four peptides
likewise inhibited about 25 per cent of the
precipitable protein N, and the least amounts
of each peptide giving maximal inhibition were
12 (Fr. 6), 10 (Fr. 7a), 10 (Fr. 7b) and 7 (Fr. 8)
peN, respectively. The ratios of these amounts
to the antigen used (3 pgN) were 4 (Fr. 6),
3.3 (Fr. 7a), 3.3 (Fr. 7b) and 2.3 (Fr. 8), and
the molar ratios were 10.8, 8.9, 8.9 and 6.2.

Tests showed that the inhibitory activities
of these peptides were not additive. This sug-
gests that these peptides all contain the same
antigenic determinant(s). The specificity of
the inhibitory activities of these peptides were
confirmed by the fact that they had no inhibi-
tory effects on the precipitin reaction of bovine
serum albumin (BSA) with its homologous
antiserum, in which they were tested at the
equivalence point (10.4 ugN of BSA and 0.2 ml
of antiserum). These results indicate that
these peptides bear one (or two) antigenic
determinant(s).

As the HL activity can be completely neu-
tralized by HL antiserum, the inhibitory effects
of these four peptides were also examined in
the HL ~anti-HL system, in which HL was
neutralized completely with the least amount
of antiserum. However, these four peptides
had no inhibitory effects on neutralizing anti-
bodies even when added in about 1000 fold
molar excess of HL.

3. Chemical structures of peptides 6, 7a, 7b
and 8

To elucidate the chemical structures of the
four peptides, the amino acid composition and
the N- and C-terminal amino acids were an-
alyzed. The results are shown in Tables 1
and 2. As can be scen, these peptides lacked
His, Tyr and Phe. In considering the results
and the amino acid sequence of HL found by
Jorris (1964, 1965) and CanrIELD (1965)
shown in Fig. 3, the four peptides can be con-
sidered to correspond to the peptide, Gln®'~



FIGURE 3 Amino acid sequence of HL (Jolles and Canfield).
Arrows in full line indicate the location of peptic peptides which have immunologic activity, and
those in broken line indicate the locations of suspected cleavages in those peptides.
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TaBLE 1  Amino actd compositions of active fragmenis isolated from a peptic digest of HL

Amino acid Fr. 6* Fr. 7a** Fr. 7b* Fr. 8* Gln%"~Alalt™*
Lys 2.0 2.6 1.9 1.6 2
His s — — — e
Arg 3.3 3.1 3.3 3.5 3
Asp 10.2 10.1 10.4 10.4 10
Thr 1.7 2.1 1.9 1.9 2
Ser 6.0 6.8 6.9 6.8 7
Glu 1.0 0.8 1.0 1.0 1
Pro 2.2 1.9 2.8 2.1 2
Gly 4.1 4.0 4.3 4.3 4
Ala 3.7 3.9 3.6 4.1 4
1/2 Cys 3.1 3.0 3.6 2.7 4
Val 1.5 1.6 1.6 1.9 2
Met 0.9 0.5 0.9 1.0 1
Ile 2.9 3.6 3.5 3.4 4
Leu 2.9 2.9 3.2 2.8 3
Tyr — - — — —
Phe — — — — —
Trpt* 2 not done 2 not done 2

* Number of amino acids per mole of peptide calculated assuming each peptide contained one mole of

glutamic acid.

** Number of amino acids per mole of peptide expressed assuming the peptide has one mole of glycine.
* Number of amino acids in the Gln®"~Ala!®” peptide calculated according to the data of Jolleés and Canfield.
++ Tryptophan contents were estimated by the UV absorption method.

Alal®? which consists of 51 amino acids with
two disulfide bonds. From this structure, the
molecular weight can be assumed as 5338,
This seems reasonable, because the molecular
weight of Fr. 7, after purification by repeated
chromatography, was approximately 7000 as
measured by Archibald’s method.

From the findings on the terminal amino
acids, though these are somewhat inconclusive,
these peptides seem to have a cleavage in the
Cys™~Cys% loop, i.e. between Ser8 and Sers6
in Fr. 6, between Leu®® and Leu$t in Fr. 7a,
and between Leu® and Ser8? in both Frs. 7b
and 8.

The secondary structure of Fr. 6 was studied
further by estimating the optical rotatory dis-
persion. From the plot according to the meth-
od of MoFFITT-YANG (1956) shown in Fig. 4,
the following values were obtained: b,=—128
and a@y=—657. These values show that the
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Ficure 4 MOFFITT-YANG plot of optical rotatory
dispersion of an active fragment (Fr. 6).



TasLE 2 Terminal structures of active fragments isolated from a peptic digest of HL

Fr. 6 Fr.

7a

Fr. 7b Fr. 8

Amino acid
PTC Cpas

PTC Cpap

PTC Cpup PTC Cpap

Lys
His
Arg
Asp
Thr
Ser
Glu
Pro
Gly
Ala
1/2 Cys
Val
Met
Tle
Leu
Tyr
Phe
Gln

p-2*

0.8 p-2*

1.0

0.5
p-2* p-2%

0.6

P-1 P-1

0.6

1.0

0.1

0.9

0.8 0.7

1.3

0.2 0.1

1.6 1.3

P-1 P-1

PTC:

PTH amino acids identified by the PTC method. P-1 indicates the N-terminal amino acid and

P-2 indicates the 2nd amino acid from the N-terminal.

Cpas-:

*  Uncertain.

ordered structure is still retained in Fr. 6, as
discussed below.

4. Tryptic digestion of Fr. 7a and fractionation
of the digest

To confirm the chemical structure of Fr. 7a,
this material digested further with trypsin and
the digest was fractionated by Sephadex G-25
chromatography and high voltage paper-elec-
trophoresis. Four peptides were isolated as
expected from the substrate specificity of tryp-
sin and the chemical structure of Fr. 7a.

To a solution of 70 mg of Fr. 7a in 20 ml of
distilled water were added 2 mg of crystalline
trypsin, and the mixture was incubated at
37°C for 24 hours with a few drops of toluene
and chloroform added as sterilizers. The pH
was maintained at 8.0 by adding ammonium
hydroxide at 1 hour intervals for the first 9
hours. After incubation, the solution was

SHINKA, S. et al. Antigenic Determinants of Lysozyme

Moles of amino acid per mole of peptide which were hydrolyzed by carboxypeptidase A and B.

lyophilized.

Then 26 mg of the digest were dissolved in
2 ml of 10 per cent acetic acid and the solution
was applied on a Sephadex G-25 column (3
» 102 em) equilibrated with 10 per cent acetic
acid. As shown in Fig. 5a, four components
(7T-1, 7T-2, 7T-3 and 7T-4) were separated.
Fr. 7T-4 was found to be mainly lysine and
to have been derived from Lys% as could be
expected. Frs. 7T-1, 7T-2 and 7T-3 were
lyophilized and repurified by gel-filtration.
The results are presented in Figs. 5b, 5c and
5d. Only Fr. 7T-1 was purified by this pro-
cedure. As Frs. 7T-2 and 7T-3 could not be
purified as single peaks, in each main fractions
were pooled and lyophilized, and they were
turther purified by paper-electrophoresis at
pH 6.5 (67 volts/cm for 40 minutes) and pH
3.6 (50 volts/cm for 45 minutes), respectively.
The buffers consisted of pyridine-acetic acid-
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10.3
0.1}
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Tube No.

FiGcure 5
(a) Chromatography of tryptic peptides of Fr. 7
on Sephadex G-25.

(b) Rechromatography of 7T1 shown in (a)

(¢) Rechromatography of 712 shown in (a)

(d) Rechromatography of 713 shown in (a)
column size : 3 X102 cm ; eluted with 109, acetic
acid ; fraction volume: 5 g; elution rate: 50 ml
per hour.

OD at 570 mg (ninhydrin reaction)
- OD at 280 mu

water (10: 0.4: 90 v/vatpH 6.5; 1:10: 89 v/v at
pH 3.6). The fractions, dissolved in buffer,
were applied on a line, 11 cm long, on the filter
paper (15x60 cm). After the run, 2 strips
of 1 mm width were taken and examined with
ninhydrin and the arginine reaction, respec-
tively. The results are shown in Figs. 6a and
6b. Fr. 7T-2 was shown to contain two com-
ponents (a and b) and Fr. 7T-3 seven compo-
nents (a~g).
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5. Amino acid analyses of tryptic peptides from
Fr.7a

Analyses of the amino acid composition and
the N- and C-terminal amino acids were carried
out on each peptide fraction obtained from the
tryptic digest of Fr. 7a. From the analytical
data and the assumed chemical structure of
Fr. 7a, only Frs. 7T-1 (peptide B), 7T-2a (D),
7T-3b (A) and 7T-3f (C) were considered to
consist of single components, as shown in
Tables 3 and 4, and the yields of peptides A,
B, C and D were, respectively, 29, 33, 31 and
17 moles per cent. The chemical structures
of these peptides were concluded to be as
shown in Table 5 and were as expected from
the chemical structure of Fr. 7a and the sub-
strate specificity of trypsin. These data also
confirmed the presumed structure of Fr. 7a
with a cleavage between Leu® and Leu.

Of the other fractions, Fr. 7T-2b was found
to be the same as B, Fr. 7T-3a seemed to be
a mixture of A, B and D, while Frs. 7T-3c¢,
7T-3d and 7T-3e were mixtures of A and C,
and Fr. 7T-3g was free lysine.

6. Immunological activities of tryptic peptides
from Fr. 7a

The immunological activities of the tryptic
peptides from Fr. 7a were investigated to see
where the antigenic determinant(s) was located
in the peptide GIn%~Alal®?. The HL anti-
serum used in this experiment (batch No. 166)
was not inhibited by Fr. 7a in the precipitin
reaction with homologous antigen but Fr. 7a
delayed the development of turbidity. There-
fore, the effects of the tryptic peptides in de-
laying development of turbidity were examined.

An appropriate amount of tryptic peptide,
dissolved in 0.3 ml of phosphate buffered saline
at pH 6.0, was incubated with 0.3 ml of 1:3
diluted HL antiserum in a cuvette at 15°C for
30 minutes. The control contained the same
amount of saline without added tryptic peptide.
Then, an amount of HL equivalent to the
antiserum (3.6 ugN) dissolved in saline was
added and the turbidities at 475 myu were
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Ficure 6 High voltage paper-electrophoresis of peptides.
(a) and (b). Electrophoretic patterns of tryptic peptides of Fr. 7 (7T2 and 7T3) which were purified by

chromatography on Sephadex G-25.

(c) and (d). Electrophorectic patterns of petic peptides (Fr. 9-10 and Fr. 15) which were separated by

CM-cellulose chromatography.

recorded automatically at intervals in a Gilford
spectrophotometer. A cell containing 0.9 ml
of 1:9 diluted antiserum served as the re-
ference.

As shown in Fig. 7a, Fr. 7a caused marked
delay in development of turbidity when 16
fold the molar equivalent was used. Of the
tryptic peptides, only B (Fig. 7¢) and D (Fig.
7e) were active. B caused a delay when about
170 fold the molar amount was used and D
also had some delaying effect. Both A (Fig.
7b) and C (Fig. 7d) were inactive. To study
the specificity in causing the delay, Fr. 7a was
tested in a system of BSA and its antiserum,
where it had no effect. This indicates that the
delay of increase in turbidity is caused by a
weak but definitely specific inhibition of the
precipitin reaction and that the peptide B

contributes to form one determinant group.

7. Isolation of immunologically inactive peptic
peptides and their chemical structures

Though Frs. 9, 10, 11, 12, 13, 14 and 15 of
the peptic digest were inactive in inhibiting
the precipitin reaction, as described above,
studies were made on the chemical structures
of Frs. 9, 10 and 15.

Frs. 9 and 10 were each chromatographed on
CM-cellulose in the same way as the active
peptides, but no clear cut separation was
achieved. Therefore, the two main fractions
were pooled (Fr. 9.10) and the same chroma-
tography was repeated. Then the main frac-
tions were again pooled, desalted and lyophi-
lized. The residue was dissolved in 10 per cent
acetic acid and submitted to gel-filtration on
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TABLE 3 Amino acid compositions of peptides
isolated from a tryptic digest of Fr. 7

Amino B* D** AXE* C*
acid (7T1) (7T2-a) (7T3-b) (7T3-f)

Lys 1.2

His

Arg 1.0 1.3 0.9

Asp 5.4 2.9 1.2

Thr 0.9 0.9

Ser 3.4 0.9 1.2 0.9
Glu 1.0

Pro 0.9 1.1
Gly 1.0 2.0 1.0

Ala 2.8 1.0

1/2 Cys 3.0

Val 0.5 0.5

Met 1.0

Ile 1.8 0.4

Leu 2.5

* Number of amino acids per mole of peptide
calculated assuming each peptide contained one
mole of glycine.

** Number of amino acids per mole of peptide
calculated assuming the peptide has two moles
of glycine.

Number of amino acids per mole of peptide

given assuming the peptide has one mole of
glutamic acid.

XS

Sephadex G-25 (1.5x104 cm column) equili-
brated with 10 per cent acetic acid. The
main fraction was lyophilized. The residue
(4.6 mg) was purified by paper-electrophoresis
using 10 per cent pyridine-acetate buffer at
pH 3.6 at 50 volts/cm for 60 minutes. Two
components were separated as shown in Fig.
6c (Frs. 9.10a and 9-10b).  Fr. 15 was directly
desalted, and 20 mg of the residue was sub-
mitted to gel-filtration by the above procedures.
Ten mg of the main component were purified
by paper-electrophoresis using the method de-
scribed above. Two components were ob-
tained (Frs. 15a and 15b) as shown in Fig. 6d.
The yields of these fractions were 1.1 (Fr. 9-
10a), 1.0 (Fr. 9.10b), 1.4 (Fr. 15a) and 1.4 u
mole (Fr. 15b).

The amino acid composition, and N- and
C-terminal amino acids of each fraction are

shown in Tables 6 and 7. In comparing these
data with the structure of HL, the locations of
the peptides in HL. could be assumed to be as
shown in Table 8. These four peptides were
immunologically inactive and did not even
delay the increase in turbidity when tested with
batch No. 166 of HL antiserum.

DISCUSSION

One of the most important problems in im-
munochemistry is to elucideate the chemical
structures of antigenic determinants of a pro-
tein antigen. For this purpose, elucidation of
the chemical structures of partially degraded
peptides bearing antigenic determinants is the
most promising approach, although this meth-
od has limitations, because some of the deter-
minants disappear during digestion.

Small active peptides have been obtained
from fibrous proteins such as silk fibroin
(LANDSTEINER, 1942; CEBRrA, 1961) and oxidized
ribonuclease (Brown, 1962), and their-chemical
structures have been clarified.

Although a number of globular protein anti-
gens, such as bovine serum albumin (PORTER,
1957), human serum albumin (LAPRESLE et al.,
1957, 1960), diphtheria toxin (RAYNAUD et al.,
1959), ribonuclease (SINGER et al., 1959) and
thyroglobulin (METzGAR et al., 1962) yielded
fragments by hydrolysis which are capable of
combining with antibodies evoked by intact
antigens, these fragments secem to have more
than two antigenic determinants (polyvalent),
because they gave precipitates with homologous
antisera.

Non-precipitable fragments of globular pro-
tein antigens capable of inhibiting immun-
ological reactions were isolated by Press and
PorTeR (1962) from human serum albumin, by
ANDERER (1963) and his colleagues (1963, 1965)
from tabacco mosaic virus, by BENJAMINI et al.
(1964, 1965, YoungG et al., 1966; STEWART et
al., 1966) from tabacco mosaic virus protein,
and by CrumproN and WILLKINSON (1965)
from sperm-whale myoglobin.

SHINKA et al. (1962) also obtained two non-
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TABLE 4 Terminal structures of peptides isolated from a tryptic digest of Fr. 7

B D A C
Amino acid ——
PTC Cpup PTC Cpu PTC Cpsp PTC Cpupg

Lys 1.1

His

Arg 0.4 0.6 0.8
Asp

Thr P-1

Ser 0.2 0.4 0.3

Glu

Pro P-2

Gly +

Ala 0.9 0.6 +

1/2 Cys

Val P-2 0.1

Met 0.2

Ile P-1 +

Leu P-1 1.0 0.2

Gln P-1

Asn P-1

Trp P-1

PTC and Cp, g: Abbreviations as in Table 2. + Trace
TaABLE 5 Amino acid sequence of peptides isolated from a trypiic digest of Fr. 7
Peptide Amino acid sequence Mol. wt.*
A H.GIn%-Ile~-Asn-Ser-Arg®.OH 617
H-Trp®-Trp-Cys-Asn-Asp-Gly-Arg®.OH
B OH - Leu®-Ala-Ser-Cys-Pro-Ile~-Asn-Cys-Leu-Asn’.H 3270
H-Leu“~Ser~Asp~Ile—Thr—Ala—Ser—Val-—Asn—Clys—Ala—Lysgﬁ-OH

C H-Thr%-Pro-Gly-Ser-Arg™.OH 517
D H.Ile*®-Val-Ser~Asp-Gly-Asp-Gly-Met-Asn-Alal?". OH 978

* Calculated from the amino acids contents of the peptides.

precipitable fragments on peptic digestion of
HL and both inhibited the precipitin reaction
of HL with homologous antisera but did not
inhibit neutralizing antibody activity. Asthese
fragments were still impure and their molecu-
lar weights, estimated by Archibald’s method,
were about 20,000, which is larger than that of
the starting material, HL, studies have been
continued to isolate pure, unpolymerized pep-
tides, with antigenic determinant(s) to eluci-
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date the location of the determinant on the
enzyme molecule. The primary structure of
HL was determined by JoLLEs et al. (1964,
1965) and independently by CANFIELD (1965),
and BLAKE et al. (1965) also clarified the ter-
tlary structure and suggested that Glu®® and
Asp® participate in the active center of the
enzyme. These findings greatly facilitated our
studies. However the authors did not use their
methods of splitting off the peptides. Thus,



TaBLE 6 Amino acid composttions of inactive
fragments isolated from a peptic digest of HL

Amino Fr. Fr. Fr. Fr.
acid 9.10-a* 9.10-b** 15-a¥** 15-b***

Lys 1.1 1.0 1.9 0.9

His 1.0 1.2

Arg 1.9 2.1 2.2 2.5

Asp 3.0 2.0 2.2

Thr 1.0

Ser 0.9

Glu 1.0 1.0

Pro

Gly 3.0 0 1.3 2.1

Ala 0.9 1.0 3.9 1.7

1/2 Cys 1.5 1.5

Val 2.6 1.0

Met 1.0 1.0

Ile 0.8

Leu 1.8 1.0 1.6

Tyr 1.7 1.1

Phe : 0.8 1.0

* Number of amino acids per mole of peptide

assuming the peptide has three moles of glycine.

** Number of amino acids per mole of peptide

assuming the peptide has 2 moles of glycine.

*#%* Number of amino acids per mole of peptide

assuming each peptide contains one mole of
glutamic acid.

JoLLEs employed pepsin under different condi-
tions from ours and CANFIELD reduced and
alkylated HIL before digesting it.

To avoid polymerization of the liberated
peptides, separation procedures were carried
out as far as possible at acidic pH, and there
was no polymerization as shown by the ob-
servation that the molecular weight of Fr. 7
was approximately 7,000 by Archibald’s
method.

The immunological behaviors of Frs. 6, 7a,
7b and 8 indicate that these peptides bear at
least one determinant and that this is the same
in the different fractions, because the peptides
were non-precipitable and inhibited the pre-
cipitin reaction of the HL~anti-HL system
and because the inhibitory activities of the
peptides were not additive. However, a non-
precipitable antigen need not necessarily be

univalent. If one postulates that infinitely
large antigen-antibody complexes precipitate
(under critical conditions) and determinants of
a protein antigen differ in specificity, divalent
antigens would not be precipitated because the
critical conditions are only attained when the
two kinds of antibody are at the same concen-
tration and this special type of antiserum would
not be found in practice (AMANO et al., 1962
and unpublished).

Analyses of the N- and C-terminal amino
acids of Frs. 6, 7a, 7b and 8 indicated that they
all contained two N- and C-terminals, and there
was concluded to be afission of the loop of Cys?
~Cys® in each pepaide. This assumption in
the case of Fr. 7a was justified by the chemical
structures of the tryptic peptides from Fr. 7a,
because, considering the substrate specificity of
trypsin, no leucine should be detected on termi-
nal analysis of peptide B if Fr. 7a has an intact
Cys?™~Cys® loop. No peptide with the same
amino acid sequence with an intact Cys76~
Cys®® loop has yet been obtained.

The data on the optical rotatory dispersion
of Fr. 6 indicate that 20 per cent of the peptide
bonds of Ir. 6 are in the «-helix structure.
According to BLakE et al. (1965), Fr. 6 should
have two a-helices, 7.e. Cys®~Ser® and Ser?
~Val'% if there is no cleavage between Ser®?
and Ser®, and the helical content of this struc-
ture would account for 26 per centof the total.
These values are in fairly good agreement, or
the difference may be explained by partial
destruction of the w-helix of Cys®~Ser® in
Fr. 6 by cleavage between Ser® and Serse,
However, the g, value obtained from our ex-
periment is highly negative which is difficult
to understand.

The fact, that the tryptic peptide B caused
delay in development of turbidity of the HL ~
anti-HL system, indicates that the location of
one antigenic determinant of the peptide is
Gln®"~Alal® around two disulfide bonds
(Cys®-Cys8 and Cys™-Cys™). If another
determinant is present, it must disappear
during tryptic digestion and subsequent pro-
cedures.
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TaBLE 7 Terminal structures of inactive fragments isolated from a peptic digest of HL

Fr. 9.10-a

Fr. 9.10-b

Fr, 15-a Fr. 15-b

Amino acid
PTC Cpas PTC

Cpa.p PTC Cpas

PTC Cpasg

Lys

His

Arg

Asp

Thr

Ser

Glu

Pro

Gly 0.3

Ala P-1 0.2 P-1
1/2 Cys

Val

Met P-2 P-2
Ile

Leu

Tyr 0.3

Phe

Gln

Asn 0.6

Trp

(%3

0.7 P-1*

0.8

2.5 1.8

P-1 P-2
P-2*
P-2
1.2

0.8
0.7

p-1* P-1

PTC and Cp,.p: Abbreviations as in Table 2.

* Uncertain.

TaABLE 8 Amino acid sequence of inactive fragments isolated from a peptic digest of HL

Peptide Amino acid sequence Mol. wt.*
. H-.Ala'*-Met-Lys-Arg-His-Gly-Leu-Asp~Asn-Tyr-Arg-Gly-Tyr-Ser-
Fr.9.10-a Leu-Gly-Asn® - OH 1952
Fr.9-10-b H-Ala'!~-Met-Lys-Arg-His-Gly-Leu-Asp-Asn-Tyr-Arg-Gly?.0H 1418
H-(Trp®) Val-Cys-Ala-Ala-Lys-Phe3t.OH
Fr. 15-a
H.(Trp!%) Val-Ala-Trp-Arg-Asn-Arg-Cys-Lys-Gly-Thr-Asp-Val-Gln-Ala?2. OH
H-Lys!-Val-Phe~-Gly-Arg-Cys-Glu-Leu-Ala-Alal®. OH
Fr. 15-b 1995

H.Trp!®-Jle~Arg-Gly-Cys-Arg-Leu'#®. OH

* Calculated from the amino acid contents of the peptides.

() Uncertain.

The four other peptides in the peptic digest
were immunologically inactive. This may
mean that most of the four antigenic determi-
nants, concluded to be present from quantita-
tive analysis of the precipitin reaction, dis-
appeared during peptic digestion. The im-
munological activities of these four fractions
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are now under study by the procedure of equili-
brium dialysis.

The most important peptide, Glu3%~ Leu?,
containing Glu®® and Asp5? which are thought
to be active centers of the enzyme, is still
missing, With regard to neutralizing anti-
bodies, two possibilities can be considered: 1)



all the neutralizing antibodies are directed to
the active center of the enzyme, and 2) they are
directed to the active center and also to the
determinant(s) containing the amino acid(s)
which participates in fixing the substrate on the
enzyme molecule. The amino acid residues
which participate in fixing the substrate, Asn?,
Trp®2, Trp%, Asp!0! and Ala'? (PHILLIPS,
1966), are all included in Frs. 6, 7a, 7b and 8,
and hence these peptides should inhibit neu-
tralizing antibodies if the latter possibility was
the case. As described above, these peptides
did not inhibit the neutralizing activity of HL
antisera, - However, the former possibility is
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