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ANTIGENIC STRUCTURES OF HEN EGG WHITE LYSOZYl\. IE

11. SIGNIFICANCE OF THE N-AND C-TERMINAL REGION As AN
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uMMAm' An jinmunologically activc peptide \\'as isolated by limited di estion of
hen egg \\, hire Iysoz}, me (HL) with pepsin. It consisted of two peptides, i. e. L ,SL

to Asn27 and A1a"' to LeLi"", and the t\\'o peptides \\, erc 11nl{ed to ether b I
S-S b. rid (Cy^" to Cy*""'). Equilib"Ium duly, I* studi"^ d. in, natat"d th. ^ with
binding of the peptide by anti-HL antibody. T'he a\, erage association constant of tl
peptide by one batclT of purified anti-HL antibody \\, as 1.78 XIO' at 10'C, , d tl
erccnta c of ant'b d , d' d h' ' 'percentage of antibody, directed to this peptide in 7S anti-HL antibod \\, as evaluated

as 471, . The peptide did ITot show any precipitin rcaction \\. ith rabbit HL t'
T'he peptide also inhibited the enzymic activities of ITen and ducl{ c ,h't I -

sozymes \\, hen A1. b, sodei7ttitiis was used as a substrate. The s ccific bindi f tl
peptide by A1. b, sodei7tti'ci!s was observed.

The nature of the antigenic determinant 11Tvolved in the c tide and th 'bl
mechanism of enzymic inhibition by the peptidc \\, CTe discussed.

INTRODUCTION

Proteins have \, ery complex structures, and
there Is not enough Information available on the
antigenic determinants in proteins to under-
stand their nature. To simplify the problems
involved, hen egg \\, hite Iysozyme (HL) \\, as
chosen as antigen because it has a relative low
molecular weight and is easily purified. Avai-
lable information on the three dimensional
arrangement of the amino aicd residues in the
crystalline Iysozyme molecule (PHILLIPS, 1966 ;
PHILLIPS, 1967 ; BLAKE at a/., 1967)'provides a
valuable basis for understanding the spatial

arrangement of the antigenic determinants in
the molecule.

In previous reports the preparations of four
jinmunologically active peptides from I{L and
their characterizations were described (SHINKA
at a/., 1962 ; SHINKA at at. , 1967). They all
consisted of 51 amino acid residues and were
derived from the region from Gln57 to A1aT07 of
HL.

This paper describes a ne\\, peptide with
antibody-and bacterial substrate-binding acti-
vities. It consisted of 35 amino acid residues
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located at the ;.:-and C-terminal region of HL.
Equilibrium dialysis studies showed the signi-
ficance of the antigenic determinant Involved in
this peptide.

ATATERIALS AND A, IETHODS

I. F1 coin nil'o11 of peptides

Six times recrystalized HL (Lot No. 4112) \\. as PUT-
chased front Seikagal<u-Kogyo Co. Ltd. and stored
at -20'C. Limited digestion of HL witll pepsin was
carried out as described in a previous report (SHINKA
at a1. , 1967) with a slight modification. Twice re-
CT}, stallzed pepsin \\. as purchased from \\:orthington
Biochemical Corporation. A I 96 solutioiT of crys-
talline HL in 0.1 x HCl \\, as adjusted to pH 1.62 \\, ith
soditim hydroxide and \\. armed to 40'C. Then 5 ing
of CT}. stalline pepsin \\'ere added to 10 g of HL. The

digestion was carried out for one it our. Then the
digest \\, as adjusted to pH 5.0 \\, ith sodium hydroxide
and immediately iyophilized and stored at -20 C
until use. Before use it \\. as passed through a

Sephadex G-50 column in the initial buffer used for
C!\'I-cellulose chromatograpl^, at 4 C to remove

The eluate front the Sephadex G-50pepsin

column \\. as applied to a CA'I-cellulose column. The
chromatographic procedure was as described in the
previous report (SHINKA at a/., 1967).

An example of CA, I-cellulose chromatography of
the peptides is sho\^n in Fig. I

2. Pi'epni'at1'011 of di!c/a egg ?ch!Ie Iyso*yine (DL)
Ducl< egg white Iysozyme \\, as purified as described

in the previous report (IxiA;.:ISHi at a/., 1966) \\ith
some modification. Crude DL \\, hich \\, as eluted
from IRC-50 column was dialyzed against 0.2 xi
phosphate buffer, pH 7.16. Approximately 100 ing
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FIGURE I CM-cellulose chromoatography of peptic digest of }IL. ,
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of crude DL were applied on a SE-Sephadex columit
a 5X47 cm) \\hiclt \\. as equilibrated \\itIT 0.2 xi
phosplTate buffer, Dr1 7.16, and eluted with the
same buffer. Three in I fractions \\. ere collected and
rite optical deltsiq, of caclt tube \v"s measured at
280 I, ,/!. TITe acidic and ITeutral proteins were

eluted Just after the \, old \'o1ume of tlTe column, fol-
10\\'ed by three components. Tile second of these
coinpcnents was the major one and \\as used as DL
in tite foilo\\Ing experiments.

3 . Pi oofi, ct, o11 of '11/1sera

Antiser;I \\ ETe obtained front male and female al-

blino rabbits \\cighing between 2 and 31<g. }IL
purified by SE-Sephadex (2.3 meq per g

PIi"Tmacia) chromator"phy in 0.2 A1 sodium Piio-
sphate buffer. pi-17.16 at 25'C. The cltromatcgra-
phic pattern \\ as essentially tite same as tllat o1t tite
IRC-50 column (HiRs at a/., 1953). 01tly tite main
conlDoltei\t \\, as used for. the jinmLi"12ntion. Aftcr

chi'uruatograplty a solution of tlle purified I-IL
(10 ntg'n. I) in 0.15 xi NilC1,0.02 A1 sodiLim phD-
sphatc buffer, 0.02, ,, sodiuit, azide, pH 6.0, \\. as
emulsified wint tin equal \, o1umc of complete FTC-
und's adjuvniTt. 'Two 1< inds of immunization sche-
dtile \\'ere used

Scltedtile A : Each rabbit recei\. ed an initial dose
of 2litg of tintigcil injecting eqLinl doses into tlle four
footpads. A booster dose of 2 ing \\. as given in the
same \\, Iy 5 weel<s after the firstii. Iection. Then 8 and
10 days alter tlTc hoc stet injection 40 in I of blood were
tal<eiT from enclt Tai, bit by cardi"c I, uricture tind aiftci
12 d, i's the rabbit \\. as exanguinated

Sclicdtilc B : T'he initial injection \\t's carried out
as in shcedLile A. But booster injections of 2 ing of
HL were gi\. eit rotir times 5.10,15 and 20 weeks
after the initial Injection in the same way as the initial
injectioit. Blood \\. as t;Iken 8.10 and 12 days ,iftci
tlTe last Irucction

Quailtati\'e piecipitiit tests \\. erc POSiti\, e for every
setunT aind the sera from 8 rabbits in eacll group were
pooled. A{ore than 999, of the added "'I-HL

(Kc\\, AHARA at o1. , 1966) was allw'ays precipitated at
tl\e equi\'alence DC1nt \TITen tlTe pooled nittisern
(Schedule A or B) \\. ere tested by the quantitative
precipitin reaction

was

allTtisera for equilibrium dialysis experiments. HL
antiseium #P2+ \\as prepared by jinntunization
scltedule A and HL antiseruit, #P28 *\as obtained bv
scltedule B

Anti-HL antibod} \\ as precipitated from titc
pooled serum witll the equi\. alent amotint of HL and
tllc mixture was incubated for. one Ilotir at 37'C tind
titen for 2 days at 4'C. Specific precipitates \\ ere
thoroLiglil}. \\'ashcd at +'C \\ith 0.15 A1 NaC1,0.02 xi
sodiunt PITosphnte, pH 6.0 (PBS). T\\o hundred
rug of specific precipitate \\eru dissol\. ed into 50 inI
of 0.2 \ acetic arcid and iitcLibated at 37'C for one
hour willT stirring. The clarified I{L and anti-HL
antibody mixiLire \\, as passed titrouglt a Sephadex
G-150 columit (5.5x90 cnt) sattirated \\itIT 0.2 N
ticetic acid. Chromatograpliy \\. as c"Tried out at
25'C and 10 inI fractions were collected. Tite OD
of eacll fractioit \\. as ITtcasured at 280 nt, !. Titree
peaks \\. CTC foulTd. Although the properties of the
material In tite first peal< are still under in\, estigation,
titis ntatcrinl is presumably a 1<ind of itiglt ntolccular
weight nittibody. Tile second I, eal< \\. as tlTe 7S
antibody and lite titird \\, as identified as dissociated

HL front its I\, tic acti\. ity against M. Iysod"'/ti, 'ciis.
It was I\oticcd that 0.1 x acetic acid only dissoci"tcd
jibout 1,111f the added I-IL from 111e specific precipiate
prepared fi. om I-IL nittiserum #P28 (schedule B)
tiltliouglt tite same solvent dissoci"ted I{L prepared
front I-IL jintiserun, #P24 (schedule A) almost
completely. TheI. efore 0.2 \ acetic acid \\as Lised

routinely for dissociation of the jintigen-ai, tibody
complex. TITe ICco\ cry, of 7S anti-HL antibody
from I-IL antiserun\ #P2+ (scl, edule A) \\, as 87'11
and titat froitt I-IL antiserum #P28 (scltedulc B)
was 67n, , of percipitable antibody in calcll setLim
The recoveries of the dissoci"ted }IL front the
specific precipitates \\. ETe n, ore tl, an 9011 in both
cases, but the amount of itTrite rinl in tlte first peak
from tite Sephndex G-150 chrontatogram \\. itIt I{L
antiserum #P28 was almost twice that \\. ith HL

antiseruiTt #P24. Tite 7S fraction \\'as dialyscd
at;armst 100 \'o1umes of PBS, pH 6.0. at 4'C for 3 da} s
chaiTging the buffer' twice a day. The dialyzate was
coltcentrated by pressure dialysis. The stocl< solu-
tions of tite purified aittibody preparations containing
5 to 10 nTg pi. otciiT pel inI were kept at -20'C until

4. Pill'incnt, 'o11 o11d propelh'es of 78 aliti-HL allti'-
body,

Tite specific 7S anti-HL antibody preparations
Mere purified froin the two kinds of pooled rabbit HL

use.

Fullo, H. er al. Hittige",'c St, 'wct",'es of He?, Egg White Lysosyme

Sedimentation \. elocity experiments on purified
aitti-HL antibodies \\. ere carried out in a Hitachi
analytical centrifuge (\, 10del UCA-IA). The tvo
preparations of the purified HL antibody sho^. ed
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essentially the same pattern and \\. ere identified as
7S class antibody by calculation of tl\e sedimentation
coefficient

5. 78 110,111a/ jabhi! I. g/o6/11^,! (78 NRG)
Globulin fractions \\. ere precipitated from normal

rabbit serum by half saturation of ammonium sulfate
and purified further by gel filtration on a column of
Sephadex G-150. The 7S fraction of globulin \\, as
applied to a DEAE-cellulose column equilibrated
with 0.05 xi phosphate buffer, pH 7.5, and eluted
with the sante buffei

6. Deleiii!,'lidli'o11 Dipept!'de colice, !I'dt, on

The concentrations of soltitions of peptide were
determined b}, the bluret reaction (KARAT and
A, IAYrR, 1961). The biruet reaction \\, as standar-
dized \\'ith a solution of peptide in \vhicll the nitrogen
had been determined by the Kiddahl-Nesseler
method (YOKoi and AKASHi, 1955). TITe calculated
N content of peptide 17 \\. as 16.51, according to
the results of amino acid analysis

radioacti\, ity \\, as counted in a Packard liquid scintil-
Iation counter (A/Dde13003). TITe fractions contain-
ing peptide \\, ere pooled. Acetic acid \\, as reino\. ed
by rotatory evaporator tinder reduced pressure and
lyophilization.

A1T average of approximately 0.2 moles of acetyl
oroup were introdticed per mole of peptide 17 under
these conditions. The 11-"Cl ticetylpeptide 17 was
diluted \\, itit cold peptide 17 for the equilibrium

The final sclution ITad adialysis experiment
specific activity of 1.84 x 10" cpml/!M.

10. EQ!111^^1111"I of, a/ysi's

A dialysis cell like that described by 1< ARrsH and
KARcsH (1968) was LISed. One inI of peptide solu-
tion of 1.3xlO~'kito IxlO~'A1\\. as putinto one

cell and an equal \, o1ume of purified anti-HL anti-
body was put into the other cell. The antibod},
concentration was usually cn. 2 XIO~' xi and its exact
concentration \\. as estimated by Kjeldal. I-Nessier
analysis of the stocl< solution taking the molecular
\\'ledtt as 150,000. The sol\ent was PBS, PI{ 6.0,
containing 0.02?, sodium azide

As a semipcrnteable membrane, so called gel-
cellophane was Lised titroughout the experiment.
The pore size of gel-cellophane was such that setun\
albumin passed througll \\. hile I G-globulin did ITot.
The gel-cellophane LISed in this experiment \\. as a
gift from Dai-Set\I Co. Ltd. A preliminary experi-
merit SIto\^ed that 361.0urs \\. ere necessar}, to attain

equilibrium of peptide 17 at 10'C.
The equilibrium dial}. SIS cell \\'as rotated at 5 rpnt

in a \\ater batll at 10'C. The free peptide concent-
ration was estimated by Lowry's modification
(LowRY at it/., 1951) of tlTe FDlin reaction and also by
counting radioactivity. Sample solution (0.1 InI)
was put into 10 rift of Bra^ solutioit and counted in a
Packard liquid scintillation counter (NIOde1 3003).
A correction wars made for the casing adsorption of
the peptide in eacll experiment. A concentration of
free peptide of aslo\\. as 5 XIO~' xi could be measured
accurately b}, counting radioacti\'ity.

7. '11/1/10 acid miniys!'s

The amino acids in peptide 17 \\, erg analyzed as
described lit cur pre\'IOUs report (A1. TAIA>:ISHi at a/.,
1966). A Yanagimoto amino acid analyzer, Anodel
LC-5, was LISed

8. 11/01eculni tue, gilt 111easi, I eiiiei, t

The molecular weight of peptide 17 was esti-
mated by the method of Archibald (ARCHiBALD,
1947 ; KLAi\ER and 1<ECELEs, 1956). A Hitachi
analytical tiltracentriftige was used and runs \\, ere
performed at 23,100 rpnt and at 20.0'C. The mole-
CUIar \\'eight \\. as calculated by data obtained from
meniscus analysis

9. PIep", nit'o11 of 17-"Cl acetyl peptiVe 17

F1\, e 11N of peptide 17 (20 ing) were dissolved into
4inI of 1.0 M sodium acetate toH 8.0). A half ntc

(27.1 11\I) of 11-"Cl acetic nithydride (Daiichi-Kagnku,
Co. Ltd. ) in 05 in I of benzene \\, as layered on tlTe top
of the cooled peptide solution at 4'C. The reaction
v. as allowed to continue for 481Tours at 4'C. The

bottom layer \\, as put on to a Sephadex G-25 column
(3 x 60 cm) equilibrated \\, ith 501, (\,!v) acetic acid
at 25'C and Gluted \\, itIT tlte sanTe solvent. Ten inI
fractions \\. ere collected. TITe OD at 280 in/! of each
\^as measured. Twenty 111 of each fraction were
put into 10 inI of Bray solutioit (BRAY, 1960) and the
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11. EJ!gyme assay
Two 1<inds of substrate \\, ere used for enzyme assay.

A'lethod I : ill^^IOCocciis Iysodeikt!c, ,s \\, as used as a
substrate and the reduction of its OD at 540 in" \\ as
measured as described pre\, IOUsly, (SHINKA at a/.,
1962).

IVlethod 11 : glycol chitin (HAMAGucHi and FUN-
atsu, 1959) was used as a substrate. The glycol
chitin used was a gift fronT Dr. I\Iatsushima. Gly-



col cl, itin (184 11g) in 200 I!I of \ eronal buffer saline
(/!=0.15), pH 6.0, was mixed \\itIl \, anous amounts
of HL (0.02 to 0.4 in\I) in 225 I, I of the buffe, . The
mixture \\as incubated at 37'C for 30 mintites.

After incubation at 37'C tlte reaction \\. as stopped by
cooling the ntixture in tin ice batlt. The reducing
acti\'ity of 11te ittixture \\."s measured b\' the itTethod
of PARi< and Jou\so\ (1949)

12. C/!, fill

Chitin was PUTcltased from Eastman Organic
Chemicals Co. and treated as folio\\s. Frist it \\. as
ground and siC\'ed and the fine pal'ticles \\ ei'c treated
t^. ice \\Itit 5 \ NitOLl in a cold Tool, . followed each

time by \vahsiiTg willt dcionized water. 'Theit the
cltitiil \\as treated \\. it11 85'1, formic acid in tltc cold
tind \v"shed \\ itIT \\. ater. Finally' the 1.0\\. der \\"s
wahsed \\, itIt acetone and dried at 60'C under reduced

pressure

RESULTS

I. Pill'inc, ?110, I of peni'de 17 by gc/./1/1/'11io, I
Furthcr purlficatioi\ of peptidc 17 \\ as carried

out by gel filtration on Sephade\ G-50 in 10n
(vj\,) acetic acid. The eluates obtaincd by CAT-
cellulose chromatography \\, CTe desalted by the
method of DIXon (1959) and concentrated in a
rotatory evaporator. T'he temperaturc of the
water batlT \\, as 1<ept at below 37'C and the
presstire Inside the Hasl< at 15 mm Hg. A
typical elutioi\ patterIT of CTudc peptide 17 is
shown in Fig. 2(a).

I. 'he peptide Fr. 17, eluted from the CAI-
ccllulose column, was usually found to be
contaminated \\ ith the intact HL \\, IteiT cxamin-

cd by itIg1} \, o1tagc electrophoresis at pH 3.6.
Therefore it \\, as further purified by repeatcd
gel filtration on a Sephadex G-50 column, as
shown in Fig. 2(b).

The fractions were pooled as indicated in the
figure and concentrated by rotatory evaporator
under reduced pressure and Iyophilized. The
material thus obtained \\, as used as the prepara-
tioiT of peptide 17 in the following experi-
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FIGcitE 2 (") GUI fliti"tion of crtidc peptide frac-
tion 17 on a Seph"dex G-50 column. 160 rug of
peptide I. \ . 17 eluted front a Ci\, I-cellulose column

\^erc dissol\edint0 12.51nlof 1011 (\.!\.) acetic acid
and applied to a Sephadcx G-50 columit (5.5 x 92cm)
operated at 25'C andlOittlfractions \\ere collected.

Fractions were pooled as indicatcd by arrows. (b)
Refillr:ition of peptide 17 on a Seph;Idex G-50
column. 217 ntg of peptide 17 in 12.5 ntl of 1091
acetic acid were applied to a similar column as in (a).
Experimental details as in (a).

merits.

250

2. Hikii coltnge pnPe, . electi of froi'esi:, offept!'de
17

50

\

Electrophoresis was carried out as described
previously (SHINKA at d/., 1967) to assure the
purity of thc peptide. The peptide 7a (SHINKA
at a/., 1967) was al\\, ays run in the electropho-
resis for comparison.

Samples of 2.5 ing of peptide 7a ancl peptide
17 were each dissolved in 100,111 of pyridine-
acetate buffer, pH 3.6 (RYLE at a/., 1955) and
applied to Toyoroshi filter paper #51 (5 x
60 cm) as I cm \\, ide bands. A voltage of
3,000 v \\ as applied bet\^eelT the ends of the

200 250
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FIGURE 3 High voltage paper-electrophoresis of peptidc 17
(a) Electrophoretic pattern of peptide 17 (bottom) and 7a (top) at pH 3.6 Lising 3000 volts for 135 iniuntces
(b) Electrophoretic pattern of peptide 17 (bottom) and 7a (top) at pH 6.5 using 3000 volts for 60 minutes
^stained witlT ninhydrin reagent. I;:^I stained with Ehrlich reagent

O rig

paper for 135 min. Two 0.5 cm \\, Ide strips of
each sample \\, ere cut out. The peptides \\, ere
located by staining with ninhydrin and Ehrlich
reagent. The hornogeneities of the two pe-
ptides were also checked at pH 6.5 (pyridine-
acetate buffer ; RYLE at a/., 1955) using 3,000 v
for 60 min. The results are shown in Fig. 3.

The peptides each showed a single band at
both pH's values. Peptide 17 has a relatively
high positive charge as can be deduced from its
beha\, ior on CM-cellulose chromatography.

3. AMI', 10 acz'd coinposz'1071 of peptide 17
The amino acid composition of peptide 17

expressed as moles of each amino acid residue
per mole of peptide is shown in Table I.

Glvcine was taken as a standard to calculate

the amino acid composition. The minimum
molecular weight of peptide 17 was calculated
as 4,000 from the results of amino aicd analysis.
The third column of Table I shows the in-

teger value of each amino acid deduced froin the
analysis. The amino acid composition in the

e

I

regions from Lys' to Asn" and from A1a}22 to
LeuL20 of HL \\, as calculated from the data

given by CANFiELD and Liu (1965) and is
shown in the fourtlT column of Table I. The
values are consistent witl\ each other. There-

fore, it is concluded that peptide 17 consisted of
two peptides linked by a S-S bond. The
characteristics of the amino acid composition of
peptide 17 are as follows. it contained one
mole of histidine \\, hich was the only histidine
residue in HL. It contained one of the two

methionine residues of the original molecule.
One of the six tryptophan residues in the on-
ginal HL \\, as located in this region. Peptide
17 had ITo proline or threonine. From its
amino acid composition peptide 17 seems to be
rather basic and this is consistent with the

results of high voltage electrophoresis and CM-
cellulose chromatoraphy of the peptide.

4. Ultrace"trill, gal stwdy of peptz\e 17
The molecular weight of peptide 17 was

measured by ARCHiBALD's method (1947). Runs

e
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TABI. E I AMIz'no acz'of co?, JPos!'lzh" of pepiade 17

Amino acid residue

Lysine
Histidinc

Ammonia

ATginine

Aspartic acid

Thrconinc

Senne

Glutamic acid

Prolinc

Glvcine

A1aninc

Half-cvstinc

Valinc

A, lethioninc

ISOleucinc

Leucinc

TVrosinc

Pitenylalanine

TryptoplTan

24 hrs"

H\, drolvsis for

2.45

I. 10

4.68

5.23

3.31

O. 23

I. 03

1.23

o

5.00

3.76

1.68

I. 30

0.78

O. 84

3.78

1.85 (17)"
I. 12

(09)"

721trs"

2.26

1.02

2.73

5.07

3.28

0.15

0.74

120

o

5.00

3.63

2.03

I. 37

1.10

0.94

3.81

I. 93

I. 14

a Valucs arc expressed as molar ratios, assuming there arc 5 glycine per nTole of PCptidc 17
b Tryptophan contents \VCrc estimated by the U. V. absorption method (Goodwin and Marian, 1946)
c Niolcs of amino acids in the corrcspoinding regioi. of HL calculated from the data of Can field and I, itI (1965)

Tritegcr \, aluc

Total

were made at two concentrations of the peptide
in PBS, pH 6.0. Results are shown in Fig. 4.

At lower concentrations of peptide(4.85 Ingj
in I), tlie molecular \\, eight Is evaluated to be
3,900 as can be seen in the figure. 'I'his is con-
SIStent \\. ith a minimum molecular \\eight of
4,000 calulated from the results of amino acid

analysis. At ITighcr concentrations of peptide
(9.9 ingjml), dimers tended to form as can be
seeit from its ITigher apparent molecular \\, eight
at the start of the run, but the value became
closer to 4,000 later in the run.

Lys'-S-Asn" '

I, CU"'-S-A1a122

2

I

>

3

O~I

o

2

2

.

3

o

o

5

4

2

4

2

I

b

4

2

I ~2

4

2

5. I'll^^^Ibii of HL @71d DL dctibitits by
peptt'ofe 17

1'10 Iytic activity of peptide 17 could be de-
tected even at a concentration of 200 ,{4M \\, ith

111. Iysode!Allci, s as substrate, althouglt as little
as 0.02 IAI of HL could be detected undcr our

experimcntal conditions. But \\, heI\ peptide
17 \\, as mixed \\, ith HL or DL, the Iytic acti-
vities of the two enzymes \\, ere inhibited con-
siderably.

Various amounts of peptide 17 (25 innA{ to
150 innM) were mixed \\, ith a constant amount
of HL (0.41 n, ,MM) or DL (0.37 in/, M) in 2 inI
of PBS, pH 6.0. Two inI of M. b, sodei'All'cos
suspension in PBS, pH 6.0, containing 1.2 ingl
in I, \\, ere added to each mixture. The Iytic
activity of the mixture \\, as measured as de-
scribed previously (SHINi<A at a/., 1967). The
degree of inhibition reached 50% against either
enzyme, as seen in Fig. 5.

Peptide 17 did not sho\\, any enzymic activity

35 35
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FIGURE 4 A/Dlecular \\, eight measurements of
peptide 17 by the method of ARCHiBALD. Runs \\. ere
made at two concentrations of peptide 17 (0---0 :
9.9 ing!inI and a^-.- g : 4.85 ing per inI). Ap-
parent molecular \\, eights \\, ere calculated after
various durations of centrifugation
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FIGURE 6 Binding of peptide 17 by M. Iysodeih!ICiis
cells and clTitin at 37'C.

T : Total amount of peptide 17 added minus
amount of peptide adsorbed to centrif\Ige tube

B : Amount of peptide bound per 2.4 ntg of A, /.
Iysod"Jet, 'elfs cells (0^ 0) or per 2.0 ing of
chitin (a- ~ 8)

,, o

*, O

20

s*

- - - - - - - - - - -@ - - - - - - - - - - t

^

10

I'*
I'~

50

0.5 1.0 1.5 XIO - r
moleAmi. of peptide 17 added

FIGURE 5 Inhibition of enzymic activites of HL and
DL by peptide 17. Percentage Inhibition of HL
activity (0^-0) ; Percentage inhibition of DL
activity, (:<^--:<). See text for details of experi-
nTents

\,

\,
I'

HL \\, ith glycolchitin as substrate \\, as also
tested. But no noticable inhibitioiT could be
detected even \\, ith a 400 molar excess of

peptide 17 over HL.
To elucidate \\, hy peptide 17 \\, as only in-

bibitory with M. 41sodeiktici!$ as substrate, the
binding of the peptide by M. 61sodeilhti'ciis and
chitii\ was studied. Mixtures of various

amouiTts of peptide 17 (30 in. u\. I to 180 in, !, M)
and a constant amount of A1. 61sodei'Air'ci, s cell
(2.4 ing) or chinn (2 rug) an^pan^ion in 2 inI of
PBS, pH 6.0, \\, ere put into conical centrifuge
tubes. Controls containcd peptide alone and
M. Iysodei'kiln, s or chitin alone in PBS, pH 6.0.
Each tube \\, as incubated at 37'C for 30 min-

utes \\, ith constant shaking and centrifuged at
3,000 rpm for 20 min at room temperature.
The peptide concentration of each supernatant
\\, as determined by Lowry's modification of the
Folin reaction. Liberation of Foiln positive
materials from M. 4.30dei'All'CMs cells or chitin
was negligible, and the correction for casing
adsorption, expressed as a percentage of the
peptide added, ranged from 2 to 811 under the
experimental conditions. As shown in Fig. 6,
the amount of peptide 17 adsorbed on 11/1.
lysodeikt!'CMs cells Increased linearly \\, Ith in-

150

even at a concentration of 266 in, uM per in I,
although as low as 0.16 in, !!M of HL could be
detected under our experimental conditions
using glycolchithin as substrate. The
hibitory activity of peptide 17 on the activity of

200
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crease in the peptide concentration in the re-
actioiT nTi\ture.

AIDrc tl\an 70 percent of tl\e PCptide 17 in the
system wars adsorbed onto ill. b, sode, 7</1'ci!s cells
tinder certain experimental conditions. On
the otlier hand, tilere was ITo detectable adsorp-
tion of peptide 17 by chitin. These results
were consistent \\. Ith the fact that peptide 17
inhibited the enzmic acti\. itICs of HL or DL

only, \\, hen ill. 4.30dei'AtICJ!s \\as Liscd as SIIb-
strate

6. Bi', Id!'11g of pepii'de 17 bji Ib"lined '11/11'-}/L
millbodj,

'I'he binding activities of peptide 17 by, t\\'o
batclics of purified anti-HL antibody, \\'CTC
measured by cqiiilibriunl dialysis. 'I'he amo-
unts of bound PCptide (B) was plottcd against the
sum of frce and bound peptide in the chamber
containing antibody (G). 'I'his plot is sho\\ n
in Fig. 7. As a control the binding of peptide
17 by 7S 00"in"I rubbit ;.-gl. huh (7S NRG)
Is also sho\\'n. At equilibrium thc frec PCptidc
concentration was me astired botlT by counting
"C ancl by the Folii\ reactioit. As seci\ in
Fig. 7, thc valties obtained by thc two methods
\\'CTe in agrcenTcnt. 'Therc \\'as no apprcciablc

amount of non-specific binding bet\\'een peptide
17 and 7S NRG.

T'o evaluate tlle maximal amount of bound

peptide in the system, thc reciprocals of G
\^ere plotted against the amounts of bound
peptide as shown in Fig. 8. The B \, alue ob-
taincd by extrapolatioiT of the reciprocal of G
to zero, corresponds to the Ina XImal am o11nt
of bound peptide in the system. If the
Yalenq, of antibody, Is takei\ as two, the
moles of antibocly directed to peptide 17
11T the system calT be calculated by dividing
tlte maximal moles of bound peptide by
two. Thus the anTo unt of antibody clirectcd to
peptide 17 in tile purified anti-HL antibody
#P2S preparatioiT \\'as calculated as 9.2 x 10~"
moles per inI. T'his \, alue corresponds to 47
percent of the total anti-HL antibody, 111 the
svstenT.

A SCATCHARD plot (1949) of thc data on
binding is giveit in Fig. 9, \\. here " r " is the
a\, crage ITUmbcr of PCptidc molecules bound
per antibocly nToleculc at the frcc peptide con-
centratioi\ " c " at equilibrium. T'he average
associatioit constant (1<,) was taken as thc re-

XIO mole
15

B

10

5

o

FIGLRE 7 Binding of peptide 17 by the purified
fled anti-HL antibody. #p 28 at 10'C

B : Amount of bouitd peptide
G : Sum of free and bound peptide in tite clTambcr

containing jintibody.
\'alues obtained by '"C-counting (0^ 0)
and values obtained bv TDIin reaction

(. ~ ~-.) ; binding of p. ptide 17 by 7S NRG
measured by counting of ''C (8- - 8)

- - - - @-. -@.- - -"- -

20
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11G

FIGURE 8 Estimation of maximal amount of bound

peptide 17 using constant amount of purified anti-
HL antibody, #P 28

B nitd G : See footnote of Fig. 7 ; \. alues ob-
tained by coui\ting of '"C (0 ^0)
and \alues obtained by FDlin-reaction
(.^.).

o
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reciprocal of the free peptide concentration cor-
responding to half saturation of the antibody,
i. e. , I. -I (KARusH and KARusH, 1968).

The total range of I. covered in the experi-
merits \\, as from 0.6 to 1.7. The average as-
SOCiation constants of the binding of peptide 17
by two batches of purified anti-HL antibody are
listed in Table 2 together with the percentage of
the fraction of antibody directed to this peptide.

The two batches of antibody differ in anti-
body affinity and in the percentage of antibody
fraction directed to peptide 17. This could be
due to the difference in the immunization

schedule (ETSEN and SISKIND, 1964 ; Fullo and
KARusH, 1966). Th. antib. dy (#P24) in th,
early phase of immunization 11as a lower af-
halty for p. ptid. 17 than that (#P28) in , hat'
phase of immunization. Both purified anti-
body preparations \\, ere obatined from large
pools of rabbit HL-antisera, but this point must
be studied further.

TABLE 2 Contents of RMIt-pepttde 17 an HL
drill'bodJ, and "lean assocz'all'on constants (Ko)
of the Intelnctt'on bettceen HL anta'body and
peptide 17

Purified
HL antibod

x 105

#P24

#P28

2

Interval it

(week*)

a The interval betweeil the first and last injections is
o1ven in the table. See text for details of jinmuniza-

tion schedule

b The content of the antibody fraction \\, as estimated
by equilibrium dialysis and expressed as a percent-
age of tl\e amount of purified anti-HL 7S antibody

;e

Content of

anti-peptide 17"
(%)

5

o

20

22

DISCUSSION

Ko

(11mol")

47

In our previous report (SHINKA et a/., 1967) we
described four jinmunologically active peptides
obtained by limited digestion of HL \\, ith pe-
psin. They all seemed to bear the same jin-
inunological specificity.

A ne\\, peptide, peptide 17, was also isolated
from the digest of HL \\, ith pepsin from \\, hich
peptides 6.7a, 7b and 8 had been isolated. it
has a basic nature as can be seen b}, its bellavior
on CM-cellulose chromatography and high
voltage paper electrophoresis. Amino acid
analysis indicated that ptptide 17 was derived
from the N-and C-terminal regions of the HL
molecule. it consists of two peptides, Lys'
Asn" and A1aT" to LeuL',, linked to getlTer by a
S-S b. rid (Cy*' to Cy^"').

The minimum molecular \\, eight of peptide
17, calculated from amino acid analysis, was
4,000 which was consistent with the results of
ultracentrifugal analysis.

Peptide 17 inhibits the enzymic activities of
HL and DL \\, hen M. 6130dez'AtICt, s is used as
substrate. Moreover, ineptide 17 binds with M.
Iysodeiktz'c"s cells. On the other hand, the
protion of HL corresponding to peptide 17 was
not found to be a binding site of substrate by
PHILLIPS at a/. (JOHNSON and PHILLIPS, 1965 ;

o

5.8 xiO'

1.8'105

FKGURE 9 Schatchard plot of binding between
peptide 17 and purified HL antibody #P 28.

r : moles of bound peptide per mole of antibody
c : concentration of free peptide

Values of r and c were obtained by counting of "C
(0-^0) "rid by Folin-re". ti. n (.-^.).

.

1.0

r

216

\
\
\
\

BIKEN JOURNAL V01.11 No. 31968

2.0



PHILLIPS, 1966), who studied the complex of
crystalline HL and the oligomer of \-acetyl-
glucosaminc by X-ray, analysis. T'he reason
for this difference is unkno\^n, but one POS-
SIblc explanation is that the binding site of the
oligomer of \-acetylglucosaminc in HL is
different from tlTat of A1. 1y, sode!IAI!'ctis. A
more probable explanation of tlTc enz}. inIC in-
hibition by peptide 17 is that peptide 17 can
bind rather. nonspccifically \\. ith ,\{. tyrode!'/t-
I'd13 cells due to Its POSitiVC charge and in so
doing it changes the surface of the cells in some
\\'^, so that they itecomc less accessible to the
actions of HL aiTd DL. T'his possiblity nTay
be tl\e Teasoit \\ by, more than a 300 in o1ai. ex-
ccss of peptide 17 0\. er HL or DL \\'as neces-
sary to I:ause 50'11 inhibition.

Peptide 17 did I\ot silo\\ any, precipitii\ re-
actioit \\'heIT tip to 300, !!g\ o11t \\, ere mixed\\. ith
100 111 of various batches of rabbit HL antisera.
The jinmunologic activity of peptide 17 call bc
easil\, demonstratcd 11T the studies on tile bind-

Ing of the peptide \\'ith putincd rabbit anti-
HL antibody Lising equilibrium dialysis. Rab-
bit HL antiscra al\\'ays contained aiT appreci-
able portion of antibocly directed to PCptide 17.
In one hat'h of ants. "" (#P28), 4711, of th, 7S
antibody, ITad a specificit), directed to tliis POT-
tioi\ of Hl, . 'Lhercforc the of HLportion
corresponding to peptide 17 seems to be the
dominant antigenic site in thc HL nTolccLilc.

11\ contrast, it is relatively ITard to detect the
specific Inhibition of the precipitiit reaction

between HL and rabbit HL antiserum by
peptide 17. HD\\'e\, er, it can be obser\, ed in
some batches of rabbit HL antiscra (Fullo at a/.,
1968b) witlT relatively large amounts of the pep-
tidc. One factor affecting the manifest at101T of
precipitation inhibition \\. ould be the ratio of the
am nit\, of the antibody. fraction in the reaction
\\'ith the peptide 17 to that in the reactioi\ \\, ith
nati\. e HL. \\'c tire ti. ying to isolate the speci-
11c antibocly directed to peptidc 17 to nTakc this
comparison. The itTean association constant of
peptide 17 in reactioil \\'itIT the corresponding
antibody fractioiT 11\ anti-LIL antibody is re-
arsonably ITigl} and coinparable \\ ith those of
other protein antigens in reactioit \TitlT tl\c cor-
resoponding antibodies (SINGEi{, 1965). In
addition, the binding of peptidc 17 by its cor-
rcsponding antibody, fraction \\. as proved to be
specific, because the PCptidc did not sho\\, any
noticeablc dcgrce of bindin. ' by 7S Ilormal Tab-
bit I'-globulin.

'I'hc binding specificity of peptide 17 \\, ith the
corrcsponding antiboc^, fraction lit HL anti-
body \\, as found to bc indepciTdent of that of
peptide 7a, as scciT in the follo\\. ing paper
(Fullo at a/., 1968b)
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