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UMAIARY Four jinmunologically active peptides were purified from a peptic
digest of hen egg white Iysozyme and their chemical structures were elucidated.

They were all located between Gln57 and A1aL07 but each had a cleavage in the
loop between Cys" 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 hornologous 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
Trp62-ATgG8 Asn"-Leu" and Leu"-Lys" linked by two disulfide bonds, CysG4-
Cys" and Cys"-Cys", was also found to bear weak but definite jinmunological
activity.

INTRODUCTION

Hen egg white Iysozyme (HL) is a very sui-
table protein antigen to study, because, I) 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-
tobii^had by 10LLts at at. (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 at
a/. (1965), the amino acid residues playing

roles in fixing the substrate on the molecule
(matnly T"pre) (HAYASHi at "/., 1965 ; BLAKE
at a1. , 1965 ; PHILLIPS, 1966) and in hydrolyzing
a glucoside linkage (Glu" and ASP") (BLAKE
at a1. , 1965 ; PHILLIPS, 1966) \\, ere suspected,
and 5) its enzymic activity can be neutralized
completely by antibodies when cells of Mt'cro-

lysodez'At, 'c"s are used as substrate.
Therefore, this enzyme has been analyzed jin-
inunochemically, in this laboratory (Fullo at

coccus
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a/., 1959,1962; SHINKA at 41. , 1962; SHINKA,
1963). In these studies, SHINKA at a1. (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 jinmunological activity. However
the peptides isolated by Amberlite IRC-50
(XE-64) chromat. grephy had more. urn"
weights of about 20,000 as estimated by
Archibald's method (ARCHiBALD, 1947 ; KLAi-
NER and KEGELEs, 1956). This indicates that
they were polymer ized, because the molecular
weight of HL is 14,300. Accordingly, at-
tempts were made to purify jinmunologically
active peptides in a non-polymer ized form.
For this purpose, chromatographic procedures
were carried out as far as possible at acidic pH
(RYLE and SANGER, 1955 ; SPACKMAN at a/.,
1960), and four jinmunologically 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 jinmunologically inactive
peptides were also isolated and their structures
were clarified.

previous report (Fullo at a1. , 1959). Ten ing of HL
with incomplete Freund's adjuvant were injected into
a rabbit subcutaneously once a month and irumuniza-
tion was continued for 34 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 inI of
antiserum at the equivalence point and the amounts
of HL added as protein N were 508 Ag N : 30 14g N
(No. 332) and 460 Ag N : 27 Ag N (No. 166). The
antisera were Inactivated at 56'C for 30 minutes and

serum Iysozyme was removed by treatment with
Bentnite (\\!ako Pure Chemicals) according to the
method of INAi at a/. (1958)

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

3. Proteo/yt, 'c e, ,gymes

Crystalline pepsin was prepared from crude coin-
me Tclal 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
carboxypeptid"ses A and B (CoA-DFP, CoB-DFP)
were obtained from Worthington Biochemical Corp

4. Seph@dex a?Id curboxymethy! (CM) cell"/OSe

Sephadex G-75 (medium) and G-25 (fine) were
purchased from Pharmacia Co. and CM cellulose
(200400 mesh) from Serva Co

MATERIALS AND METHODS

I . He, I egg white Iysosy, "e (HL)
ISOelectric crystals of HL were obtained from hen

egg white according to the method of ALDERTON and
FEvoLD (1946). For pepsin digestion, four times
recrystallized HL was used, and for jinmunizing
rabbits, HL was recrystallized three times and then
purified furthe, by IRC-50 (XE-64) column chro-
matography according to the method of HiRs at at
(1953)

2. Antise, @

HL antisera were prepared as described in our

90

5. Qw@, it, 'tat, "e preci>,'t, ,, react, '0"

The experiments were performed according to the
method of HEIDELBERGER and KENDALL (1935) and
precipitated protein N was estimated by direct Nes-
SIerization (YOKoi and AKASHi, 1955)

6. 014@"t, tati"e in A1b, fro" of preci>21^^ redctio?,

Various amounts (140 11g N) of each peptide dis-
solved in 0.2 inI of phosphate buffered saline (pH
6.0) were added to allquots of 0.1 in I 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 A1 of buffered saline containing 3 Ag N of
HL (equivalent to 0.1 inI of antiserum) were added.
The tubes were incubated at 37'C for I hour, then
at 4'C for 48 hours and then centrifuged in the cold
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After washing the precipitates twice with 2.0 inI of
chilled buffered saline, they were dissolved with
50 A1 of I N NaOH and the total volume \\, as
adjusted to 3.0 inI. Optical densities of the solutions
were read at 280 in14 and the degree of inhibition was
calculated by reference to the control

The in11ibitory effects of the peptides which did
not reduce tlTe amount of protein N precipitated were
further examined by estimating the delay in the time
of developement of turbidity at 475 in A in a Gilford
automatic recording spectrophotometer (Model
2000). In this experiment batch No. 166 of HL
antiserunt was used

7. Esti, ,,@t, 'oil of HL act, wily gild 11th, titory effects
of pept!'des oil the 71e"trail*i?12 actiony of HL almse, "an

Both estimations were carried out as described in

our previous report (SHINKA at a/., 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 I{L which \\. as completely
neutralized by the antiserum was added. After in-
cubation at 37'C for 60 minutes, HL activity was
estimated

10. Paper-electronho, esis

High voltage electrophoresis was carried out to
purify the peptides using the apparatus described
by KATz at at. (1959) with pyridine-acetate buffer
Toyo-To shi No. SIA paper was used

8. AMI',, o ac!'d analys, s

The amino acid composition of the peptides was
analyzed in a Beckman-Spinco amino acid analyzer,
Model 120B, by the procedures of TsuGiTA and
FRAENKEL-CONRAT (1962) following the instructions
for the analyzer. Hydrolysis was carried out at
105'CLI'C for 24 hours, The molar ratios of

amino acids \\. ere calculated on the basis of Glu or

Gly

Tryptophan was determined spectrophotometri-
cally by the method of GOODwiN and MORTON
(1946)

Half cystine was analyzcd after performic acid
oxidation (HiRs, 1956)

11. Optical rotatory di$pers, 'ON (ORD)

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

12. Deter, ",, lot, 'o71 of peptide COMce"tr@hop,

Peptides were determined by absorption at 280 in 14
andlor at 570 in I, after the ninhydrin reaction. The
latter was carried out according to the method of
COCKING and YEMM (1955). Concentrations of pure
peptides were determined by UV absorption or as
protein N by direct Nessierization (YOKoi and AKA-
SHI, 1955)

9. rer", lito! am, "o 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 SI6QuisT (1953,1956)

The C-terminal sequence was analyzed with car-
boxypeptidase (enzymelpeptide ratio=I : 50) and
the amino acids reliesed were measured in the aria-

Iyzer

13. Desalting

Peptide solutions were desalted according to the
in"rhod of DIXON (1959) using an IRC-50 (CG-50)
column. Peptides were Gluted with 50 per cent
acetic acid and then iyophilized

14. Molecular fuelghts

Molecular weights were estimated by ultracen-
trifugation according to Archibald's method (ARCHi-
BALD, 1947 ; KLAiNER and 1<EOFLEs, 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

I. Peptz'c dt:gestz'o71 of HL a"d aso/at 20n of
peptt'des

As described in our previous report (SHINKA
at a1. , 1962), HL was digested by pepsin at
pH 1.62. To 1000ml of 1.21 per cent HL
solution, dissolved in 0.1 N HCl and adjusted
to pH 1.62 with concentrated NaOH, were
added 3.3ml of solution containingpepsin

5200 I. P. U. 1'1. ;;?5 and the mixture was in-' ' r-Tyr UrG Was In-

cubated at 40'C for I hour' No appreciable
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 Iyophilized.

Then 2.1 gr of the Iyophilized material were
dissolved in 1000 inI of 0.05 M acetate buffer

at pH 3.85 and applied to a CM cellulose
column (3 x 40 cm) equilibrated with the same
buffer. The column was washed with 2500 inI

of the same buffer. Elution was performed at
25'C at a flow rate of 320 inI per hour with
6000 inI of 0.05 M acetate buffer at pH 3.85

NaCl in a linear concentrationcontaining

gradient up to 0.15 M and then with a linear
gradient mixture of 2000 inI 0.05 M acetate
buffer at pH 3.85 containing 0.15 M NaCl and
2000 inI of 0.2 M phosphate buffer at pH 8.0.
The fraction volumes were 18.8 inI and the

peptides were estimated by their O. D. at
280 inn and by the ninhydrin reaction. As
shown in Fig. I, 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
jinmunological activity of each fraction. An
anquot of each fraction (Frs. 6~15) was Iyo-
philized and dissolved to saturation in I. O in I
of saline containing 0.02 M phosphate buffer
at pH 60. The solution was applied to a
Sephadex G-25 column (I x 30 cm) equili-
brated with the same buffered saline and frac-
tion volumes of 28 inI were collected. Then

pH3.85 02M P. buff.ce a e u er p ,,.._ . pH. 80

Gradien t

06

05

.

"

.
o 0.4

0.3

0.2

6
n
11
11
11

111 8

111\
1111

I 11 I 12

,,'' ' '

0.1

250

Tube No

CM-cellulose chromatography of peptic digest of HLFIGURE I

column size : 3 x40 cm ;
fraction volume : 18.8 inI per tube ;

25'Ctemperature :

^ OD at 570 in A (ninhydrin reaction)
OD at 280 in A

11

11

I I
I I
I I

141 I

13 ," I

,IIJi

I, I

v Vl

50

15
11
"

,

I, .I

100

I

150

92

I

I

BIKEN JOURNAL V01. 10, No. 2 1967

200

\n

\

final buff

1.5

300

,

I, q 11
\~~,

1.0

350

o
.

400

~
"
.

O. 5

450

~~

500 550



(a\ Fr 6

30

I~.

;S'a
.^,

=
o

.

20

.-,

,.

C
.

.

10

10

co) Fr. 73

20

(c) Fr. 7b

30

30

,-\

;sS 20

.

^

.

o

D

C
C

peptides added (/, gN)

-.

~ 10

10

.

20

FIGURE 2 a, b, c, 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 311g N of HL and
0.1 inI of HL antiserum (No. 332)
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0.3 inI 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 jinmunologically
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

jinmunologically 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-
CGdure was repeated once or twice more, and
each fraction was desalted according to Dixon's
method. In the case of Fr. 7, two main coin-
ponents (Fr. 7a and 7b) were separated, and
Frs. 7a and 7b were both purified further by
Techromatography. 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
sumed to be 5338. (This value was obtained
from data on amino acid analysis, as described
below).

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 (F". 6), 10 (F". 7"), 10 (F, . 7b) and 7 (F". 8)
AgN, respectively. The ratios of these amounts
to the antigen used (314gN) were 4 (Fr. 6),
3.3 (F". it), 3.3 (F". 7b) and 2.3 (F". 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 hornologous
antiserum, in which they were tested at the
equivalence point (10.4 14gN of BSA and 0.2 inI
of antiserum). These results indicate that
these peptides bear one (or two) antigenic
derermi"ant(^).

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 neiitralizing anti-
bodies even when added in about 1000 fold
molar excess of HL.

2. 11nw""o10gz'cal actzb, Iy of Frs. 6.7@, 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 Iysozyme ac-
tivity nor " enzymoid " activity, which coin-
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-

are as-
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3. Che, ,11ca/ stywctwres of pept, 'des 6, 7a, 76
nitd 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 I
and 2. As can be seen, these peptides lacked
His, Tyr and Phe. In considering the results
and the amino acid sequence of HL found by
10LLEs (1964, 1965) and CANFiELD (1965)
shown in Fig. 3, the four peptides can be con-
sidered to correspond to the peptide, Gin57~
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FIGURE 3 Amino acid sequence of HL (1011es and Can field)
Arrows in full line indicate the location of peptic peptides which have irumunologic activity, and
those in broken line indicate the locations of suspected cleavages in those peptides
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TABLE I

Amino acid

Am znO acz'd compost'ti'ons of acttbe fragments aso/ated from a peptz'c dz:g'est of HL

Lys
His

ATg
ASP
Thr

Ser

Glu

Pro

Gly
A1a

112 Cys
Val

Met

Ile

Leu

Tyr
Phe

Trp"

Fr. 6*

2.0

3.3

10.2

1.7

6.0

1.0

2.2

4.1

3.7

3.1

1.5

0.9

2.9

2.9

Fr. 7a**

2.6

3.1

10.1

2.1

6.8

0.8

1.9

4.0

3.9

3.0

1.6

0.5

3.6

2.9

* 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 Gin"~A1a"' peptide calculated according to the data of 10/16s and Can field

" Tryptophan contents were estimated by the UV absorption method

Fr. 7b*

1.9

33

10.4

1.9

6.9

1.0

2.8

4.3

3.6

3.6

1.6

0.9

3.5

3.2

A1a107, 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
Cys76~ Cys" loop, a'. e. between Ser" and Ser'6
in Fr. 6, between Leu83 and Leu84 in Fr. 7a,
and between Leu84 and Ser85 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 d, = -657. These values show that the

Fr. 8*

2

1.6

3.5

10.4

1.9

6.8

1.0

2.1

4.3

4.1

2.7

1.9

1.0

3.4

2.8

not done

Gln"~A1a107+

2

3

10

2

7

2

4

4

4

2

4

3

2 not done

96

2

it, ^
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TABLE 2

Amino acid

Ternzz'"o1 structures of actzbe fragments Isolated fro?n a peptt'c dagest of HL

Lys
His

ATg

ASP
Thr

Ser

Glu

Pro

Gly
A1a

112 Cys
Val

IVlet

Ile

Lcu

Tyr
Phe

Gln

Fr. 6

FTC CPA. n

P-2*

Fr. 7a

PTC CPA. n

0.8

FTC : PTH amino acids identified by the FTC method. P-I indicates tl\c N-terminal amino acid and
P-2 indicates the 2nd amino acid from the N-terminal

Cp, \. n. : Moles of amino acid per mole of peptide \vhiclT were hydrolyzed by carboxypeptidase A and B
* Uncertain

10

P-2*

P-2* 0 .6

0.5

Fr. 7b

PTC CPA. B

0.6

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

4. Tryptz'c of rigestio, I of Fr. 7n nildjractz'on at1071
of the dz:gest

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

To a solution of 70 ing of Fr. 7a in 20 inI of
distilled water were added 2 ing 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 80 by adding ammonium
hydroxide at I hour intervals for the first 9
hours, After incubation, the solution was

P-I

1.0

P-2*

P-I

Fr. 8

PTC CPA. n

0.1

0.8

0.9

P-I

1.5

0.2

0.7

1.6

P-I

1.3

Iyophilized.
Then 26 ing of the digest were dissolved in

2 inI of 10 per cent acetic acid and the solution
was applied on a Sephadex G-25 column (3
x 102 cm) equilibrated with 10 per cent acetic
acid. As shown in Fig. 5a, four components
(7T-I, 7T-2,7T-3 and 7T-4) w, re ^, pyrot. d.
Fr. 7T-4 was found to be mainly lysine and
to have been derived from Lys" as could be
expected. Frs. 7T-I, 7T-2 and 7T-3 were
Iyophilized and repurified by gel-filtration.
The results are presented in Figs. 5b, 5c and
5d. Only Fr. 7T-I 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 Iyophilized, and they were
further purified by paper-electrophoresis at
pH 6.5 (67 v. infom f, " 40 minut. ^) and pH
3.6 (50 voltsjcm for 45 mirintes), respectively.
The buffers consisted of pyridine-acetic acid-

0.1

13

P-I
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03 (3)

02
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7T2

02

7T3

to) ITl

01
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t
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7T4

~~.

(c) 7T2

01
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,,...
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,
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,

5. amznO nerd a"rib, ses of tryptz'c pept, 'desj^om
Fr. 7@

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

F". 7, , only Frs. 7T-I (p. ptid, B), 7T-2^ (D),
7T~3b (A) and 7T-3f (C) w, re coneider, d 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 Leu84.

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. Jinm""o10gz'cal netzbities of t, ypli'c peptz'des
1707" Fr. 7n

The jinmunological activities of the tryptic
peptides from Fr. 7a were investigated to see
where the antigenic determinant(s) was located
in the peptide Gln57~A1a107. The HL anti-
serum used in this experiment (batch No. 166)
was not inhibited by Fr. 7a in the precipitin
reaction with hornologous 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 inI of phosphate buffered saline
at pH 6.0, was incubated with 0.3 inI of I : 3
diluted HL antiserum in a CLIvette 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 14gN) dissolved in saline was
added and the turbidities at 475 inn were

0.3

I
*

.^^

01

(d) 7T3

0.1

03

0.1

FIGURE 5

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

(b) Rechromatography of 7Tl shown in (a)
(c) Rechromatograph}, of 7T2 shown in (a)
(d) Rechromatography of 7T3 shown in (a)
column size : 3 xi02 cm ; eluted \\. ith 109, acetic
acid ; fraction \, o1ume : 5 g ; elution rate : 50 inI
per hour

--^ OD at 570 in A (ninhydrin reaction)
OD at 280 in}L

,...~~

20 40 60 80 100 120

Tube No

"
..

.
o

0.3

0.1

0.3

water (10 ^ 0.4 ^ 90 ,!v at pH 6.5 ; I ^ 10 ^ 89 ,I, at
pH 3.6). The fractions, dissolved in buffer,
were applied on allne, 11 cmlong, on the filter
p^per (15 x60 cm). After th. run, 2 st"ip,
of I 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 coin-

ponents (a and by and Fr. 7T-3 seven coinpo-
nonts (^~g).

01
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a 7T2

co) 7T3

,\~\-/

orig

(c)
(Fr 9.10)

a

orig

a

(Fr. 15)

b

\^/

Ninhydrin

Arginine
FIGURE 6 I-11glt voltage paper-clectrophoresis of peptides
(a) and (b). Electrophoretic patterns of tryptic peptides of Fr. 7 (7T2 and 7T3) \vhicl. \\. ci. c purified b\
chromatography on Sephadex G-25
(c) and (d). Electrophorectic patterns of petic peptides (Fr. 9-10 and Fr. 15) \\, itich were separated b\
CM-cellulose chromatography

C

b

d e

recorded automatically at intervals in a GIIford
spectrophotometer. A cell containing 0.9 in I
of I : 9 diluted antiserum served as the re-

ference.

As shown in Fig. 7a, Fr. 7a caused marked
delay in development of turbidit\, when 16
fold the molar equivalent \\, as used. Of the
t"ypti. orptid, ,, only B (Fig. it) and D (Fig
7e) were active. B caused a delay \\, hen about
170 fold the molar amount \\, as 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

pH65

a

\^.-.~^ \/

I

^
g

a

pH36

b

b

pH36

contributes to form one determinant group

7. 1301atz'o11 of 111,111u, 1010. g, cal4v Inactzbe pep/!'c
pepl!'ofe$ d, Id the11' che"itcn/ $171, CIMres

Though Frs. 9.10,11,12.13,14 and 15 o1'
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 eaclt chromatographed on

CAT-cellulose in the same way, as the activc
peptides, but no clear cut separation was
achieved. Therefore, the two main fractions
were pooled (Fr. 9 - 10) and the same cliroma-
to graphy \\, as repeated. Then the main frac-
tions were again pooled, desalted and iyophi~
11zed. The residue was dissolved in 10 per cent
acetic acid and submitted to gel-filtration on

^

^,!.;;,;,,::

pH36
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FIGURE 7 Delay of precipltation reac-
Lion of HL and HL antiserum by peptic
peptide Fr. 7 of HL and its tryptic
peptides

0.1 in I of HL antiserum (No. 166) and
2.7 AgN (1.0xlO~" PM) of HL were used
The moles of each peptides are calculat-
ed on the basis of the results of amino

acid analysis
a. peptic peptide Fr. 7 of HL
b. tryptic peptide A of Fr. 7

B of Fr. 7C

d C of Fr. 7

D of Fr. 7
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TABLE 3 am znO acid coinposz'ttb"s of peptz'des
z'soloted from a tryptz'c dz:gest of Fr. 7

Amino
acid

Lys
His

Arg

ASP
Thr

Set

Glu

Pro

Gly
A1a

112 Cys
Val

Met

lie

Leu

B*

(7Tl)

1.2

C*D, * A. ** *

(7T2-a) (7T3-b) (7T3-f)

1.0

5.4

0.9

3.4

2.9

0.9

1.0

2.8

3.0

0.5

0.9

1.3

1.2

shown in Tables 6 and 7. 11T 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 \\, ere
jinmunologically inactive and did not even
delay the increase in turbidity when tested \\, ith
batch No. 166 of HL antiserum.

* 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
giveiT assuming the peptide has one mole of
glutamic acid

2.0

1.0

1.2

1.0

1.8

2.5

0.9

0.5

1.0

0.4

0.9

0.9

1.1

1.0

DISCUSSION

Soyhad, ^ G-25 (1.5 x104 .in column) ,quilt-
brated with 10 per cent acetic acid. The
main fraction was iyophilized. The residue
(4.6 ing) was purified by paper-electrophoresis
using 10 per cent pyridine-acetate buffer at
pH 3.6 at 50 voltsjcm for 60 minutes. Two
components were separated as shown in Fig.
6. (Frs. 9 - 100 and 9 - lob). F". 15 un^ dire. tly
desalted, and 20 ing of the residue was sub-
mitted to gel-filtration by the above procedures.
Ten ing of the main component were purified
by paper-electrophoresis using the method de-
scribed above, Two components were ob-
tained (Frs. 15a and Ish) as shown in Fig. 6d.
The yields of these fractions were 1.1 (Fr. 9-
100), 1.0 (F". 9.10b), 1.4 (F, . 15^) and 1.4 I,
more (F". 15b).

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

One of the most important problems in jin-
in unochemistfj, is to elucideate the chemical
structures of antigenic determinants of a pro-
teln 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; CFBRA, 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 at a/.,
1957, 1960), diphth, "in toyin (R^YNAUD at at. ,
1959), "ib, nunl, "^. (SINGER at at. , 1959) and
thy", gl. bulin (METzcAR at at. , 1962) yi*Id, d
fragments by hydrolysis whiclT are capable of
combining \\, ith antibodies evoked b\, intact
antigens, these fragments seem to have more
than two antigenic determinants (polyvalent),
because they gave precipitates with hornologous
antisera.

Non-precipitable fragments of globular pro-
tein antigens capable of inhibiting jinmun~
o10gical reactions were isolated by PRESS and
PORTER (1962) from human serum albumin, by
ANDERER (1963) and hi, .. hangu, ^ (1963,1965)
from tabacco mosaic virus, by BENJAMiNi at a/.
(1964,1965, YOUNG at at. , 1966; STEWART at
a/., 1966) from tabacco mosaic virus protein,
and by CRUMPTON and \ViLLKiNsoN (1965)
from sperm-whale myoglobin.

SHINKA at a1. (1962) also obtained two non-
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TABLE 4

Amino acid

Termt'"n/ $11'11ctures of peptt'des 2'3010ted from a trypta'c dzgest of Fr. 7

Lys
His

Arg

ASP
Thr

Ser

Glu

Pro

Gly
A1a

112 Cys
Val

Met

lie

Leu

Gin

Asn

Trp

PTC CPA. B

B

1.1

0.4

PTC CPA. u

D

0.2

FTC and CPA. B

0.9

TABLE 5 Hint'no oct'd sequence of pepttdes a'soldted 11.0m a tryptt'c dz^est of F1. 7

P-I

PTC CPA. u

A

P-I

P-I

0.4

10

Peptide

Abbreviations as in Table 2

A

P-2

0.6

P-I

B

0.6

0.1

0.2

PTC CD, \. n

C

D

C

0.3

* Calculated from the amino acids contents of the peptides

0.2

H. Gin"-Ile-Asn-Ser-ATg". OH
H. Trp"-Trp-Cys-Asn-ASP-Gly-Arg". OH

OH . Leu"-A1a-Ser-Cys-Pro-Ile-Asn-Cys-Leu-Asn". H

H. Leu"-Ser-ASP-lie-Thr-A1a-Ser-Val-Asn-Cys-A1a-Lys" - OH
H. Thr"-Pro-Gly-Ser-ATg" - OH
H. Ile"-Val-Ser-ASP-Gly--ASP-Gly-Met-Asn-A1a"'. OH

precipitable fragments on peptic digestion of
HL and both inhibited the precipitin reaction
of HL with hornologous antisera but did not
inhibit neutralizing antibody activity. As these
fragments were still impure and their molecu-
Iar 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-

+

+

P-I

08

+ Trace

Amino acid sequence

P-I

P-2

+
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date the location of the determinant on the

enzyme molecule. The primary structure of
HL w, ^ derermined by 10LLEs at "/. (1964,
1965) and inkp, rid, ntly by CANFiEi, D (1965),
and BLAKE at a/. (1965) also clarified the ter-
tiary structure and suggested that Gin" 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,

MDl. wt. *

617

3270

517

978



TABLE 6 Am1710 acid conjposa'tabns of 2ndctz"e
frog?, lents isolated from a peptic digest of HL

Am trio
acid

Lys
His

ATg

ASP
Thi

Ser

Glu

Pro

Gly
A1a

112 Cys
Val

Met

Ile

Leu

Tyr
Phc

FrETFrF,
9.10-a* 9.10-b** 15-a*** 15-b***

1.1

1.0

1.9

3.0

1.0

1.2

2.1

2.0

09

1.9

3.0

0.9

22

2.2

1.0

univalent. If one postulates that infinite by.
large antigen-antibody, complexes precipitate
(under critical conditions) and determinants of
a protein antigen differ in specificity, divalent
antigens \\, ould not be precipitated because the
critical conditions are only attained when the
two 1<inds of antibody are at the same concen-
tration and this special type of antiserum would
not be found in practice (AMA\o at a/., 1962
and unpublished).

Analvses of the N- and C-terminal amino

acids of Frs. 6.7a, 7b and 8 indicated that they
all contained two I*;- and C-terminals, and there
was concluded to be a fission of the loop of Cys7n
~Cys" in each pepaide. This assumption in
the case of Fr. 7a wasjustified by the chemical
structures of the tryptic peptides from Fr. 7a,
because, considering the substrate specificity of
trypsin, no Ieucine should be detected on termi-
nal analysis of peptide B if Fr. 7a has an intact
Cys'"~Cys"' loop. No peptide witlT the samc
amino acid sequcnce \\, Ith an intact Cys7G ~
Cys" loop has yet been obtaincd.

The data o1T the optical rotatory dispersion
of Fr. 6 indicate that 20 per cent of thc peptide
bonds of Fr. 6 are in the or-helix structure.

A. .."ding to B. AKE at "/. (1965), F". 6 ^I, .uld
have two or-hellces, a'. e. Cys"~Ser" and Sem'
~VallU", if there is no cleavage betweeiT Ser85
and Ser", and the lielical content of this SITUc-
ture \\, ould account for 26 per ccnt of the total.
These values are in fairly good agreement, or
the difference Inav be explained by partial
destruction of thc or-helix of CvsSO~ Sera5 in

Fr. 6 by cleavage between Ser8' and SerS6.
However, the d, value obtained from our ex-
perlment is ITighly negative \\, hicl\ 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
Gin57~A1a107 around two disulfide bonds

(Cy^'*-Cy^'" and Cy^"-Cy*'*). If an. ther
determinant is present, it must disappear
during tryptic digestion and subsequent pro-
CGdures.

0.9

2.0

10

1.0

* Number of amino acids PCr mole of PCptide
assuming thc peptide has three in o1cs of glycine

** Number of amino acids per mole of peptide
assuming tite peptide it as 2 in o1cs of glycinc

*** Number of amino acids per mole of peptide
assuming eaclt peptide contains one in o1c of
glutamic acid

2.5

1.0

1.8

1.7

1.3

3.9

1.5

2.6

1.0

1.0

1.0

1.1

2.1

1.7

1.5

1.0

10LLts employed pepsin under different condi-
tions from ours and CANriELD reduced and

alkylated HL 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 polymerIzatioiT as shown by the ob-
servation that the molecular \\, eight of ET. 7

approximately 7,000 by Archibald's
method.

The jinmunological 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 \\, ere not additive. However, a non-
precipitable antigen need not necessarily be

08

0.8

1.6

10

\\, as
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TABLE 7 Termz'"at structures of I'ridcttbe fragments figolated from a peptt'c dz^est of HL

Amino acid

Lys
His

Arg
ASP
Thr

Ser

Glu

Pro

Gly
A1a

112 Cys
Val

Met

Ile

Leu

Tyr
Phe

Gln

Asn

Trp

Fr. 9.10-a

PTC CPA. B

Fr. 9.10-b

FTC CPA. B

P-I

0.3

02

P-2

PTC and CPA. B

06

Fr. 15-a

PTC CPA. B

TABLE 8 Am a'"o acz'd sequence of Inactt'"e fragments aso!ated from a peptt'c dz^est of HL

P-I

03

Peptide

05

H. A1a"-MetLys-ATg-His-Gly-Leu-ASP-Asn-Tyr-ATg-Gly-Tyr-Ser-Fr. 9 - 10-a
Leu-Gly-Asn" - OH

Fr. 9.10-b H. A1a"-Met-Lys-Arg-His- Gly-Leu-ASP-Asn-Tyr-ATg-Gly". OH
H. (T"p") Val-Cys-A1a-A1a-Lys-Phe". OH

Fr. 15-a

H. (T"p'"') Val-A1a-T, p-A, g-Asn-A, g-Cys-Lys-Gly-Thr-ASP-V"I-Gln-A1a"'. OH
H. Lys'-Val-Phe-Gly-ATg-Cys-Glu-Leu-A1a-A1a". OH

H. Trp"'-lie-Arg-Gly-Cys-ATg-Leu"'. OH

0.7

Abbreviations as in Table 2

P-2

0.6

Fr. 15-b

PTC GPA. B

ET. 15-b

p_I*

0.5

* Calculated from the amino acid contents of the peptides
( ) Uncertain

P-I

P-2*

2.5

0.8

The four other peptides in the peptic digest
were jinmunologically inactive. This may
mean that most of the four antigenic deterini-
nants, concluded to be present from quantita-
tive analysis of the predpitin reaction, dis-
appeared during peptic digestion. The jin-
inunological activities of these four fractions

Amino acid sequence

* Uncertain

0.8

0.7

p_I*

P-2

1.8

P-2

104

1.2

P-I
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are now under study by the procedure of equili-
brium dialysis.

The most important peptide, Glu'5~Leu56
containing Glu" and ASP'2 which are thought
to be active centers of the is stillenzyme,

missing. With regard to neutralizing anti-
bodies, two possibilities can be considered: I)

MDl. wt. *

1952

1418

1995



all the netitralizing 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, Asn59
Trp", TrpG3, ASP'OL and A1a"' (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 neutralizino activity of HL
antisera. However, the former possibility is
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