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ANTIGENIC STRUCTURES OF HEN EGG-WHITE LYSOZYME.

TV. ANTIGENiciTY OF THE SECOND Loop

HAjlME FullO, ROSARIO ESUGUERRA MARTIN', YUN-MUN
HA, NOBUO SAKATO and TsuNEHISA A1\TANO
Department of Immunology. , Resentclt institute for Nilcrobia! Dise"SLs, Osaka Uni\ ei'sit\.,
Yamada-kami, Suit", Osaka

(Received Ap"11 15,197+)

CM\IARY The peptide containing the second loop (sequence 76-94) of ITen egg-
white Iysozyme (HL) \\, as separated by tryptic digestion of citraconylated HL

or of cyanogen bromide treated HL. The peptide (F1. ,, 11) consisted of sequence
62-68 and of sequence 7+96. About 5 to 10'. 1 of rabbit anti-HL antibody reacted
with F1, .,, 11 and the specificity of Pi, ..,, 11 was distinct from that of the first loop (64-
80). The association constant of HL witll rabbit anti-P, ., , ,, antibod\, \\, as esti-
mat. d by ,quilib"mm duly, i^ at 10 C us 1.1 XIO' (LIM). Th. rubbit anti-Phon ,,
antibodv could neutralize the enzymic activity of HL \\, hen A1. Iysode, Allct, s \\. as
used as substrate but ITot \\, hen ITexa-A1-acetvl chitohexaitol was used as substrate

Bii<Ex JouR\A1, V01. 17.73-86, 1974

INTRODUCTION

The secondary structure of HL has two special
regions, since the main peptide chain forms
loops in two regions

Pontine 8 (^, on. nor 57-107) Iru^ b, "n ^h. wn
to be antigenic (Shinka at a1. , 1967) and this
region contains both loops. In peptide 8, the
first loop (sequence 64-80) was found to be
intact, but the second loop (sequence 76-94)
is split between residues 84 and 85. There-
fore, it Is possible that the antigenic activity of
the second loop may be lost in peptide 8, be-
cause according to Sachs at a1. (1972a) most of
the antibodies directed to protein antigen seem
to recognize the native conformation.

I Present address : Bureau of Research and La-

boratories, San Lazaro Compound, Sta. Cruz,

A'Ianila, Philippines

The antigenic activity of the first loop has
been clearly established (Am on and Sela,
1969). To examine the antigenicity of the
second loop attempts \\, ere made to Isolate it

of HLintact. From the known sequences

(Canfi"Id and Liu, 1965), t"yp^in ^h. uld of
for thisthe most suitable purpose.enzyme

To make HL susceptible to trypsin, it was
either pretreated with cyanogeiT bromide to
split the two methionine bonds or Its free
amino groups were citraconylated by the
math. d of Diren and Perham (1968). B, th
methods were satisfactory to obtain F1, ,,, 11
(sequence 62-68 linked by Cys64-CysSll \\. ith
sequence 74-96). The antigenicity of the
second loop was then examined and found to
differ from that of the first loop.
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MATERIALS AND NIETHODS

I. Hell egg-"hite Iysozy, ,Ie (HL)

Six times recrystallized HL \\. as purchased from
Seil<agakLi Fine Blochemicals Co. Ltd. This pre-
paration was LISed \\, Ithout fLirther purification foi
preparing the active peptide. For preparation of
jinmunizing antigen, crystalline HL \\. as further
purified on SE-Sephadex C-25 in 0.2 M sodium
phosphate buffer, pH 7.16 and theit passed through
QAE-Sephadex C-25 in 0005 A1 sodium phosphate
buffer, pH 8.0

2. Cyn, !oge, , broili, 'ofe lient, "e, it of HL

Crystalline HL were treated by cyanogen bromide
by the method of G"OS* and \\, itkop (1962)

3. Tiedt, ,lent of HL colth ciliaco, !ic all/, yd, ide

Reversible blocking of amino groups \\, as done by
the method of DIXon and Perham (1968)

To find suitable conditions for complete citra-
con}, Iation of HL, various amounts of citraconic an-
h}, dride (at molar ratios of anhydride to amino groups
of 5 to 15) \\, ere added in several portions to HL solu-
tion (10 ing!in I) at room temperature and the pH of
the solution \\, as kept at 8.0 by addition of 4 M NaOH
Thereaction was continued for one hr. Each sample
was dial\, zed against 100 volumes of precooled 0.5 y,
sodium bicarbonate in a cold room overnight. The
nitrogen content and free amino group of each sam-
PIe \\, ere measured. More than 997, of the amino
groups in HL were masked, when the anhydride \\, as
used in 15 molar excess over amino groups. There-
fore, all citraconylated HL (CHL) preparations used
In the following experiments \\. ere prepared Lising
this conceittration of anhydride

optical density, of the solution \\. as measured at
340 rim. The molar extinction coefficient of mono

TNP-peptide was taken as 1.05 XIO' (Satake at al. ,
1960)

6. PIiryicntioi, of peptides

Tryptic digests of HL \\, ere purified by SE-
Sephadex C-25 chromatography and gel-filtration
on Bio-Gel P-10. Peptides \\, ere desalted as de-
scribed previously (Sakato at a1. , 1972)

7. Del'o1/13nt, 'o11 of 111'err

Just before use, 10 M Lirea solution was passed
through a column containing a mixture of equal
volumes of Amberlite IR-120 (H'. form) and Am-
heriite IRA-400 (0H~-form). The eluate \\. ere

examined \\, Ith an electric conductivity meter to
check that the conductivitv was less than I inho at

20 C

4. TPCK-tryps, ', I

T\\. ice crystal11zed trypsin \\, as purchased from
worthington Biochemical Corporation (USA. ) and
treated with AT-tosyl-L-phen}, iaianine chloromethyl
ketone (TPCK) by the method of Sham, (1967)

8. AJIi, ,10 acid alla/ys, s

The amino acid compositions of the peptides \\, ere
determined by the method of Spackman at a1. (1958)
using a Nihon-Denshi amino acid analyzer, Model
ILC-3BC. Peptides were hydrolyzed by treatment
with constant boiling 5.7 N HCl at 105+I C for 24
and 72 hr. The contents of half cystine were taken
as the \, alues obtained by amino acid analyses of acid
hydrolyzates of peptides \\, ithout correction. Per-
formic acid oxidation was not performed

5. Est, ',, rut!'o11 of 11ee allii, ,o gioi!pS

The method used was essentially the same as that
of Satake at a1. (1960). Solutions of various kinds
of protein were heated \\, ith 2.4,6-trinitrobenzene-

sulfonic acid (TNBS) in 27. NaHCO, at 40 C foi
2 hr. Sodium dodecyl sulphate were used to dis-
solve the 2.4,6-tnnitrophenyl protein (TNP-pro-
teln) folio\\, ing the method of Habeeb (1966) and the

9. Hullsern

Two ing of ITighly purified HL \\, ith complete
Freund's adjuvant were injected into rabbits. Boos-
ter injections of 2 ing of HL were given once every
five \\, eeks, the last being given after 20 weeks
Blood \\, as taken 7 and 9 days after the last injection
and the rabbits were exsanguinated 11 days after the
last injection. Sera from 10 rabbits were pooled
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troll

Fillyic"troll of the peptide specific alit, 'body lyric-

Each peptide was coupled to Sepharose 4B as
described previously (Fujio et a1. , 1971). Rabbit
antisera were passed through the peptide-Sepharose
4B jinmunoadsorbent at 2 C in the presence of
0.01 A1 EDTA. The column \\, as thoroughly \\, ashed
with 0.135 M NaC1,0.01 M EDTA, pH 7.5. The
antibody-protein \\, as eluted with 0.2 N acetic acid
at 2 C and immediately neutralized with 1.0 xi
KgHPO, . This purification of antibody protein



witlt Immunoadsorbent \\. as usually repeated to obtain
a highly purified antibody fraction

The 7S fraction of antibody was further separated
on a Sephadex G-150 column

11. EQ!, 1116/11/11i of, ribw's

HL was labelled \\. ith "'I by the iodine mono-
chloride method of A1cFarlane (1958). Equilibrium
dialysis \\, as performed at 10 C for at least 451\r, as
described pre\, jousl\' (Fujio at a1. , 1971)

12. E, ,$yinic ncti", IT

The Iysozynte activities of various preparations
of peptides and the inhibitions of the enzymic acti-
vit\' of Iysoz\. me b}' \, arioLis antibody species were
measured \\, ith either M. Iysodeiktici, s or ITexa-A1-
acetyl-chitohexaitol as substrate, as described in our
pre\. ioLis report (ImaiTishi at a1. , 1969)

TABLE I. AMIa'no acz'd co, riposittb" of PJ,

13. Planaroti'oils nild chnrncter!*at lolls of Dai lolls
HL-fing, ,Ie"is

Pg (sequence 57-107) \\. as prepared as described
before (Shinka et a1. , 1967) and further purified on
SE-Sephadex C-25 in 0.08 M sodium acetate buffer,
pH 5.0, in the presence of 6 M urea at 2 C. PL:

(sequence I-271inked by Cys"-Cys"' with sequence
122-129) was prepared as described previously (FLi-
jio at a1. , 1968)

Pic (sequence 58-97) was prepared b}, limited
digestion of HL \\, ith thermolysin as described be-
fore (Sakato at a1. , 1972) and purified on SE-Sephn-

Amino
acid

Lvs

His

ATg

ASP

Thr

Ser

Glu

Pro

Gl\

A1a

112 C\ s

Val

I\let

Ile

Leu

TVr

Phe

Trp

Hydrolysis for"

2+ Itr

1.66

o

2.70

6.55

191

5.99

o

I. 90

2.00

2. ~~

3.61

0.91

o

2.90

2.85

o

o

Nd

72 hr

TABLE 2. The a"11no acz'd compost'ttb"s of
tico peptides o6/02}led Ironi reduced and nthJ, -
lated P, ,

I. 89

o

2.93

6.70

1.84

589

o

213

2.00

2.77

3.02

0.94

o

2.89

2.83

o

o

Nd

Ile"-L \. sri7"

Amino
aCld

2

o

3

7

2

6

o

2

2

4

o

3

3

o

o

2

LIS o

His o

ATg 2.59

CM-C\. s 3.14

4.70ASP

Thr 1.04

Ser 2.57

Glu o

Pro I. 70

Gly 2.00

A1a I. 04

Val o

oMet

lie 186

Leu I. 64

oT\ r

Phe o

NdTrp

F, _I' lie"-Leu"" F1. -2' Leu"-Lys"'

Total

" Values are expressed as molar ratios, assuming
there are 2 glycine residues per mole of PI,

" Moles of amino acids in the corresponding HL
calculated from the data of Can field and Liu

(1965)

o

o

3

5

3

o

2

2

o

o

2

2

o

o

2

I. 88

o

o

I. 20

2.13

0.98

2.83

o

o

o

1.90

I. 00

o

1.14

I. 42

o

o

Nd

,

o

o

2

3

o

o

o

2

o

o

o

o

40

Total

" \\Then the reduced and alkylated Pi, was subjected
to gel-filtration on a Bio-Gel P-10 column, t\\o
fractions were obtained, named Pi, -I and PI, -2
in order of elution

" Values are expressed as molar ratios, assuming
one \, allne residue per mole of Pi, -I and tw. o
glycine residues per mole of Pi, -2.

" NIOles of amino acid in the corresponding regions
of HL, calculated from the data of Can field and
Liu (1965)
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dex C-25 in 0.17 M sodium acetate buffer, pH 5.0
in the presence of 6 M urea. The results of amino
acid analysis of this peptide are shown in Table I

The results indicate that Pic represents the
sequence 58-97 of HL. To test the possibility of
peptide bond cleavage within the loop region, the
peptide \\, as reduced with 2-mercaptoethanol and
all<ylated \\. ith 10doacetic acid. The reduced and
alkylated PIc \\. as separated Into two fractions on a
Bio. Gel P-10 column in 25% acetic acid. The
amino acid compositions of these two fractions are
given in Table 2

The results indicate that the peptide was cleaved
between residues 83 and 84

14. Disc electrophoresi\ of pept!des

The electrophoretic homogeneity of each peptide
was tested by disc electrophoresis in 20% acrylamide
in acidic media. The method of EISOn and 10vin

(1969) \\. as modified to use in acidic media. In
brief, 20 g of acrylamide and 3 g of bis-acrylamide
were dissol\, ed in 50 in I of deionized 8 M urea (solu-

tion A). One in I of N, N, N', N'-tetramethylene-
diamine, 13.2 inI of glacial acetic acid and 24 g of
purified urea \\, ere mixed and adjusted to 50 in I with
deionized water (solution B). Then 800 ing of am-
monium persulphate and 24 g of purified urea were
dissolved in deionized \\. ater and the solutioi, was

adjusted to 50 inI (solution C). T\\, o parts of solu-
tion A \\, ere mixed \\, Ith one part of solution B and
one part of solution C. Polyacrylamide gel columns
were prepared in 5 x 80 mm glass tubes. Upper
reservoir contained 0015 M acetic acid in 7 M de-

ionized urea and the lower reservoir 0.015 M acetic

acid. The polyacr\, lainide column \\ as pretreated
at 3.5 in a per tube for one hr. Samples of 20 Ag of
each peptide in 10% sucrose in 8 M urea \\, ere ap-
plied to the tubes. Electrophoresis was carried out
at 2 C, applying 2 in a per tube for 15 min and then
3.5 in a per tube for one hr. The gels were stained
(A, jaron et a1. , 1971) \\, ith 0.25q6 Coomassie blue in
methanol-water-acetic acid (5 : 5 : I, \, Ivlv)

570 rim

Peptides \\. ere reduced at 20 C by treatment with
0.1 xi 2-mercaptoethan01, 0.005 A1 EDTA, 0.5 xi
Tris-HCl buffer, pH 8.5 for one hr, Iteeping the
solution at pH 8.3 by adding 2 xi Tris solution
Ten per cent excess (o1t a molar basis) of recrystal-
112ed iodoacetic acid \\, as added to the reduced pep-
tide solution and the pH \\, as 1<ept at 8.3 by adding
2 M Tris. Alkylation was continued for one hr at
20 C. The reagents \\, ere then removed by gel-intra-
tion on Bio-Gel P-10 column

The concentration of peptide, HL and purified
antibody were estimated by the biuret reaction (Kabat
and Mayer, 1961). The bluret reaction of eaclT pro-
tein was standardized using a solution of each protein
in which the nitrogen itad been determined b\. the
Kjeldahl-Nessier method (Yokoi and Akashi, 1955)

RESULTS

I. Tryptt'c dz:gest!'o71 of cityaco"y/died HL
Tryptic digestion of CHL was carried out

using solid trypsin. Fifty ing of TPCK-tryp-
sin coupled to Sepharose 4B were added to
100 inI of CHL 001uti. n (10 ingjml) in 0.5'b
sodium bicarbonate at 37 C. One drop of
toluene was added as a preservative and the
suspension was stirred gently \\, ith a magnetic
stirrer. CHL solution alone in the same sol-

vent was also incubated at 37 C. Duplicate
I inI allquots of each sample were taken O, I,
2.4,6 and 16 hr after addition of trypsiit and
the supernatant of each sample was analyzed
by the 1<jeldahl-Nessler and TNBS methods.
The free amino groups of the tryptic digest of
CHL are shown in Fig. I.

Approximately U amino groups per in o1 of
CHL were detected after digestion for 4 hr
under these condition. The number of amino

groups released by trypsin is consistent with
the number of arginlne residues per mole of
HL. Therefore it seems probable that all the
arginyl bonds of CHL \\, ere split. Tryptic
digestion of CHL in following experiments
was performed for 16 hr under the conditions
described above, except that sodium bicar-
bonate was replaced by 05'6 ammonium bi-
carbonate. The ammonium bicarbonate was

15. IVfisce//o11eot, s PI DCed!,,'es

After chromatography, peptides \\, ere located by
measuring the optical density at 280 rim and also
by the ninhydrin reaction. For the latter, a sample
of 0.3 inI of eacll fraction \\, as mixed \\. itIt one inI of

ninhydrin reagent (NIOore at a1. , 1954) and boiled
for twenty min. After cooling, 4inI of 5070 ethanol
were added and optical density was measured at

76 BIKEX JouR\AL V01.17 No. 3 1974
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C!'11 ncoi, yint, of HL (CHL) ?cns of!^, sift/ 701'1/I TPCK-
IIJps!'11 collp/ed 10 Sephniuse ,IB at 37 C. Free '11/11/10
"1'01, ps I'e/, user/ to, I'e ,st!',,!rited by the TArBS 111eihod
(Satnk, at n/., 1960) n"of exp, ',$3, ,/ us the 11/1/'16, ,'s of
nili, '110 gi'Dips p, I' 1,101" by HL taiu'Jig th" 1,101, c!,/in
reefghi of HLin 14,300. 0 - - 0, CHL run, TPCK-
flyps, '11, A- -- A , CHI, illo, !c ('01/11 o1)

^^

co lit), 26.5 (24 h") and 27.5 (32 h"). If TPCK-
trypsin split onI\, atginyl and Iysyl bonds of
HL 24 amino group per mole of HL should
appear after the second digestion of HL bv
trypsin. The \, alue obtained by the Ti. ;BS
method after incubation for 4 hr \\, as slightly
higher than this calculated \, alue, as shown
above. This discrepan^, Ina^ be due to the
tendency, of Ti. ;P amino acids and Ti*;P denva-
tives of small peptides to give higher molar ex-
tinctioiT coefficients than large peptides. In
any case, the number of amino groups per unit
of protein seemed to reach a constant level after
61\r of digestion. TIT following experiments,
the first digest of CHL was dissolved in 0.5',
of ammonium bicarbonate and TPCK-trypsin,
at one hundredth the concentration of sub-

strate was added after 0. I, 2 and 4 hr of in-
cubation at 37 C. The second digestion \\, as
continued for 16 hi

removed by, ^GPeated lyophilization
Deblocking of citraconyl groups wars carried

out by suspending the tryptic digest of CHL
(10 ruglm1) 11,0.1 I. ; acetic acid at 25 C ovcr-
night and stirring it \\, Ith a magnetic stirrer.
The suspcnsioi\ \\, as very turbid. The acetic
acid \\, as removed by lyophilization. EstinTa-
tion of total nitrogen and free amino groups In
this deblocked tryptic digest of CHL indicated
that 7 amino groups per mole of CHL \\, ere
uncovered by this treatment.

The Iysyl bonds of HL were brokei\ during
a second digestion as follows. One g of dc-
blocked tryptic digest of CHL was dissolved
into 100 inI of 0.5 11 sodium bicarbonate. The
solution \\, as slightly turbid. One drop of
toluene \\, as added a preserve tit, e and the solu-
tion \\, as incubated at 37 C. After 0, I, 2,
+, 6 and 24 hr of incubation, 10 ing of TPCK-
trypsin \\, ere added successively. Duplicate
I inI allquots \\, ere taken after I, 2.4,6.24 and
32 hr of incubation just before addition of
TPCK-trypsin. Trypsin activity was stopped
b\, mixing with equal \\, eight of soy bean trypsin

numbers ofinhibitor. The aminomean

groups per mole of HL at each digestion time
wer, 21.3 a h"), 23.6 (2 h, ), 25.9 (+ h"), 27.1

150

A^

2. Piirjjicnti'o11 ONd I'de"/incttti'o11 of the 11ypti'c
peptides of ciliacoiiylated HL

The second digest of approximately 4 g of
HL \\, as Iyophilized three times to remove am-
monium bicarbonate and then dissolved in 5

liter of 0.02 N acetic acid. A minute amount

of insoluble material \\, as removed by filtration
through Toyo-filter paper, No. 131. The ill-
trate was applied to a SE-Sephadex C-25 col-
urnn (3 x 40 on^) which had hern quillb, at, d to
002 N acetic acid. The column was developed
using a 3 chamber \, arigrad \\, ith 3 liters of
0.05 M sodium acetate buffcr (pH 3.88), 0.07 M
sodium acetate buffer (pH 4.50) and 0.15 xi
sodium acetate butler. (pH 5.50), respectively
in the chambers. Chromatography \\, as per-
formed at 25 C and fractions of 20 g \\, ere
collected. As a preservative 0.05'}I, chioreton
were added to all buffers.

The elution pattern Is showi\ in Fig. 2
Amino acid analysis of each peak indicated that
fraction 10 of Fig. 2 contained the second loop
of HL. This fraction \\, as Techromatographed
on SE-Sephadex C-25 in 0.03 M sodium acetate
buffer, pH 4.5, lit the presence of 6 M tirea.

The chromatographic patterIT of Fr. 10 on

Fullo, H. at al. antigei!it SIIVCIM, t$ of 11, OSyi, Ie 77
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Techromatography is shown in Fig. 3. The
main component was collected as shown by
arrows in the figure. This fraction was de-
salted as described in the lv'laterials and Methods

and further purified by gel-filtration on Bio-
Gal P-10 (3 x 155 .in) in 25y, (v!v) arch. add.
This gel-filtration step was repeated. The gel-
filtration effective Iy removed a minute amount
of contaminating intact HL. The Iytic activity
of the purified peptide was examined using 5
ing per inI of peptide solution but no Iytic ac-
tivity could be detected even with a high con-
centration of the peptide. Therefore, containi-
nation of the peptide with intact Iysozyme
amounts to less than one ten thousandth the

weight of peptide.
The results of amino acid analysis, given in

Table 3, show that the peptide consists of sequ-
core^ 62-68 and 74-96 of HL rein, , ,,). N. xt

400
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the possibility of peptide bond cleavage in the
Second loop region Of F1, ,, 11 Was tested.
Thirty ing of F1, ,, n were reduced and alkyl-
ated (RA-Pi, ,, 11) as described in the ^laterIals
and Methods. The RA-F1, , , , was fraction-
ated on a Bio-Gel P-10 column (3 XI60 cm) in
259'. (vjv) acetic acid. The U\I absorption of
eacl\ fraction at 280 rim and its reaction with

ninhydrin were examined. The fraction eluted
first (RA-P, my ,,-I) had 00 U\I "b^."pti. n at
280 rim but gave a positive ninhydrin reaction.

TABLE 3. Amino act'd compost'lion of Pi""I, If

Amino
acid

Lys

His

ATg

Thr

Ser

Glu

Pro

Gly

A1a

112 Cy*

Val

Met

Ile

Leu

Tyr

Phe

Trp

On the other hand, the second fractioiT (RA-
F1, ,,, 11-2) had UV absorption at 280 rim and
also gave a positive ninhydrin reaction. The
results of amino acid analyses of these two
fractions are shown in Table 4.

The results indicate that there was no pep-
tide bond cleavage in the loop region of F1, .,, ,,
and the amino acid composition Of F1, ,,, 11 was
reconfirmed

The recovery of F1, ,,, 11 peptide from the
second digest of CHL was tested using the
chromatographic conditions described in Fig.
3. Approximately ISV, of the HL can be re-
covered as F1. ,, 11. The theoretical recovery

PICOj, 11-AC

107

o

I. 12

0.94

3.57

0.04

0.98

1.00

291

2.63

1.08

o

I. 97

2.92

o

o

(I. 9)"

Foundn

pion!, 11~B"

1.05

o

1.18

0.92

3.63

0.06

O. 95

I. 00

2.88

3.11

1.05

o

1.92

2.89

o

o

(18),

Calcd. "

o

4

o

3

4

o

2

3

o

o

2

TABLE 4. Hint'ito oct'd coinposz'11b"s o1 1200
peptzd, , obi"!}led I, Qin ,Educed and alkylated
PI"up flit

" Pi"CPIi was hydrolyzed for 24 hr in constant boil-
ing HC1 (5.7 N). Values are expressed as molar
ratios, assuming tliere Is one glycine residue per

mole of Pionj, 11
" Moles of amino acids in the sequences (62-68 and

74-96) of HL were calculated from the data of
Canfield and Liu (1965) and listed in the Table
for comparison

" Pin, , 11-A was prepared by tryptic digestion of
CHL

" Pinup 11-B was prepared by tryptic digestion of
CBHL.

" Tryptophan contents estimated by the UV ab-

sorption method (Goodwin and Morton, 1946)

Amino
acid

Lys

His

ATg

ASP

Thr

Ser

Glu

PTO

Gly

A1a

CM-Cys
Val

Met

Ile

Leu

Tyr

Phe

Trp

RA- Asn74_

'I, ,,, 11-I Lys'""

1.04

o

o

3.87

0.92

3.62

RA-

Pinup lI~2

o

o

+

4

o

o

3

3

o

2

3

o

o

o

trace

o

o

I. 07

1.89

o

o

o

o

1.00

o

105

o

o

o

o

o

o

Nd

Trp"2_
Arg"ab

0.96

trace

2.93

3.12

I. 00

o

1.94

2.88

o

o

Nd

o

o

2

o

o

o

o

I

a

o

a

o

o

o

o

2

" Each peptide was hydrolyzed with 5.7 \ }ICl at
105 C for 24 hr. Values are expressed as molar
ratios, assuming there Is one valine residue per
mole of RA-Pi. ., 11-I and one glycine residue per
mole of PA-PIOop 11-2

" Moles of amino acid in the corresponding regions
of HL were calculated from the data of Can field

and Liu (1965)
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is 22,9', taking the minimal molecular weight
of F1. ,, 11 as 3,270.

The homogeneity of the purified F1, , , n was
tested by disc electrophoresis.

As shown in Fig. 4 Pi, ,,, 11 gave a single
band.

FIGURE 4. Disc elect, opho, esis
of PI, rifled PI, ,, 11 i, , 271 acid-
117e" gel 20 Ag of PIO0,11 alei'e
OPPtied. A current of 2 ,"a per
tribe zoos OPPfied for 751",,, and
then 3.5, ,,@ per ti, be for one fry
The anode 23 at the top

after 0, I, 2.4 and 6 hr of incubation at 37 C.

Total nitrogen and free amino group analyses
of the series of samples taken at intervals just
before addition of trypsin indicated that diges-
tion for at least 6 hr at 37 C with repeated
additions of TPCK-trypsin was neccessary to
achieve complete digestion of CBHL. Table
5 shows results of estimations of the free amino

groups of CBHL and of its tryptic digest.
When the tryptic digest of CBHL were

chromatographed on SE-Sephadex C-25 in
0.03 M sodium acetate buffer, pH 4.5, in the
presence of 6 M urea, a peptide fraction was
eluded in the same position as that of F1. ,, 11
This peptide could not be differentiated by disc
electrophoresis from PI, ,, u obtained by tryptic
digestion of citraconylated HL. The amino
acid composition of this peptide, shown in
Table 3, is also similar to that of F1, ,, 11 0b-
tained from CHL. The recovery of this pep-
tide from the tryptic digest of CBHL was 180
or about 80', of the theoretical value.

4. Test for the spec!ifcz'ty of rabbit (R) anti
Pionp 11 by jinM""0@dSOrbe"tS

A solution of 100 ing of purified F1, ,, 11 in
20 inI of 0.1 M sodium phosphate buffer, pH
7.0 was stirred with 15 inI of activated Sepha-

TABLE 5. Release of free am znO groups 63,
cyanoge" byomt'de treatment of HL and 63,
tryptt'c dt^estt'on of CBHL

3. Trypt, 'c of 21gestio" of cyanoge" 670mt'de treated
HL (CBHL)

Bonavida at a1. (1969) thoroughly investI-
gated the effect of cyanogen bromide treatment
on HL. The results indicated that HL became

partially susceptible to trypsin digestion after
cyanogen bromide treatment. Therefore, we
tested the possibility of obtaining F1, , , from
a tryptic digest of CBHL.

Preliminary experiments indicated that the
following experimental conditions were satis-
factory to obtain complete cleavage of the
methionyl bonds in HL. One g of HL was
dissolved in 50 inI of 70', formic acid and
500 ing of cyanogen bromide were added. The
mixture was stirred at room temperature for
16 hr. Amino acid analysis of the resulting
CBHL showed that more than 99' of the

methionine residues of HL were lost by treat-
merit with cyanogen bromide. CBHL in 700
formic acid was diluted ten-fold with deionized

water and Iyophilized. The susceptibility of
CBHL to trypsin was tested by repeated addi-
ton of TPCK-t, ypsin a^ 100) to ^ I', solu-
tion of CBHL in 0.50 sodium bicarbonate
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HL

CBHL

Tryptic digest of CBHL co h, )

" The TNBS method was used and the numbers

of amino groups were calculated taking the molar
extinction coefficient of mono TNP-peptide as
,. 05 104

b Calculated assuming that HL was split at 2
methionyl bonds

' Calculated assuming that HL was split at 2
methiony1, 11 arginyl and 6 Iysyl bonds

Preparation

No. of amino

groups per 14,300 g

Found" Calcd

7.1

9.5

30.2

7

9

26"



lose 4B at 2 C overnight. In this \\, a\, 59 ing
of F1, ,,, 11 \\, ere coupled to Sepharose. Then
200 inI of rabbit anti-HL antiserum containing
0.01 xi EDTA \\, ere applied to the jinmtino-
adsorbent at 2 C. After extensive \\, ashing of
the jinmunoadsorbent witlT 0135 M NaC1,0.01
M EDTA, pH 7.5, 50.9 rug of protein \\'ere
eluted on further treatment of the Irumunoad-

sorbent \\, ith 0.1 xi citrate buffer, pH 2.3 (Sachs
at a1. , 1972b). The first filtrate from the jin-
inunoadsorbent, \\, as agaii\ treated witlt the
same Immunoadsorbent, but no appreciablc
amount of protein could be eluted. As a con-
tT01,200 inI of normal rabbit serum containing
0.01 xi EDTA \\, ere passed through the same
jinmunoadsorbent and treated In exactly thc
same way as In the case of anti-HL antiserum
About 7.5 ing of protein were Gluted. This
nonspecific adsorption corresponds to 15', of
the antibody fraction. Therefore the antibody
fraction obtained by the first treatment with
jinmunoadsorbent \\, as subjected to a second
treatmeiTt witlt the same jinmunoadsorbcnt.

Only 75 '!,, of the initial antibody, fraction was
adsorbed and elated. But when this antibodv

fractioi\ after two treatments \\, as tested for

binding \\, ith HL using equilibrium dialysis, it
was shown that at least 90'.;, of the protein could
bind \\, ith HL. Therefore, antibody prepara-
tions were all treated with jinmunoadsorbent

twice before use in folio\\, Ing experiments. The
antibody content \\, hich reacted with the
F1, ,, 11 region of }IL (R anti-F1, ,,, 11) was Cal-
CUIated as 0.19 rug per inI of this rabbit serum
(R anti-HL ^P53) from the amount of protein
after two treatments \\'ith Pi, ,,, 11 Immunoad-
sorbent. Since the precipitable antibodv in
the rabbit anti-HL antiserum used in this ex-

perlment \\, as evaluated as 1.89 inglml by the
modified method of quantitative precipitin anal-
us, , ,fuji, at a1. , 1971), 10-11h of thi^ R anti-
body reacted \\, itI\ the PI, ,, 11. Several other
rabbit anti-HL antisera \\, ere also tested and

in these samples antibody content \\, hiclT re-
acted \\, ith the Pi. ,,, 11 ranged from 5 to 1010 of
the antibody precipitable by HL. In the
folio\^ing experiments R anti-Pi, ,,, 11 antibody

\\. as prepared from R anti-HL antiserum ^P53.
Since the amino acid Sequence of F1, ,,, 11

(62-68 and 7+96) themus that of P* (^, cyan"
57-107) and both peptides \\, ere shown to have
binding activities \\, itIT anti-HL antibod\, the
specificity of the R anti-Pi, ,,, 11 antibody, \\, as
tested \\, ith P, Immunoadsorbent, prepared as
d. *."ib. d previ, usIy (Fuji. at "l. , 1971). Th,
capacit}, of the P, Immunoadsorbent \\, as found
to be 23 ing of anti-P, antibody protein. Ten
ing of purified R anti-Plum, 11 antibody were
applied to the P, 11nmunoadsorbent and the
\\, ashing and Glution procedures described above
^, ere performed. Niore than 90',, of the pro-
teln \\, as not adsorbed and only 5'n of the ap-
plied protein \\, erc Gluted \\, ith acid. It Is not
clear \\, he ther the proteii\ elute with acid is
adsorbed ITonspecifically, or whether it is a
specific antibody to P, , since due to shortage
of material the specificity of this protein could
not be tested. Nevertheless, it Is clear tlTat
there is an antibody fraction \\, hich reacts with
Pi, ,,, 11 and that it's specificity Is distinct from
that of anti-P, . Tile result is consistent with
the results of equilibrium dialysis, described In
a later section

5. fqwifibiitt"I dihb, $1s of I'fibhil drill-Pin"I, 11
n, itibody coini "'/-HL inId 1'1s 1'11hibztio" by "ai'I-
DNS peptideS

The specificity, of R anti-PI, ,,, I I antibodv,
first tested \\, itIT Immunoadsorbent, as dc-
scribed above, \\, as studied in more detail by
equilibrium dialysis.

The 7S fraction of R anti-Phi, ,, 11 antibod},
was separated by gel-filtration on a Sephade\
G-150 columiT and used in the following ex-
perlment

F1f^, If. I of tl\e purified R anti-Pi, ,,, 11 anti-
body (17.2 ,JIM) \\, ere dialyzed against equal vol-
umes of various concentrations of 1251-HL

(12 UN to 340 I'M) at 10 C f, " 55 h". Th.
results of this experiment are shown as a Sca-
tchard plot of 11c against I', in Fig. 5 in \\, hich
I represents the moles of HL bound per nTole
of antibody, and c represents the concentration
of free 1251-HL. The extrapolated value of
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FIGURE 5. B!'i!d, ,Ig of purified labhit tillti'-PI, ,p n
nilt, 'body forth '''1-HL at 10 C. Pull, CS are shotuii us
ti Scatchord plot. r, IMO/es of '''1-HL boil, Id pel' 7,101e
of mill'body, taking the 1,101ec!,!o1 coefght of trim'body
us 750,000 alld that of HL us 74,300, c, colice, !ti. a-
'10/1 of free '''1-HL (M)

I. Is approximately 1.9. This suggests that
approximately 90 to 100% of the R anti-
Pi. ,, 11 antibody can bind with HL. The K*
value of binding of rabbit anti-Pi. ,, 11 anti-
b. dy w"^ f. und to b. 1.1 x Ith (LIM) at 10 C.
Next the inhibitory activities of a wide variety
of peptides, which were, or were not struc-
turally related to Pi, ,, 11, Were tested against
the binding of J'51-HL with anti-PI. ,, n anti-
body. Various concentrations a x 10~' to 4 x
10~a M: final concent) of peptides in PBS,
pH 6.0 were mixed with 1.36 x 10~4 M (final
concn) of re'l-HL and the mixtures were dil-
Iyzed against purified anti-F1. ,, 11 antibody
(1.72 XIO~, M) at 10 C. Th. re^urn
shown in Table 6.

To check the possibility of modification of
the binding property of HL with R anti-F1. , n
antibody by 10dination of HL, the inhibitory
activity of unlabelled HL was tested. The K,
of unlabelled HL was evaluated as 1.6 XI05,
which was close to the K\ obtained by direct
binding of "'I-HL with R anti-PI, ,, 11 anti-
body.

Among the peptides tested, only the Pi, ,, n

TABLE 6. lithzbttion of the 61hdzhg of '''1-HL
to I'd 66^^ anti'-PI, ,, Jr antt'body by aim'1'0tts
peptz'des

1.0

Peptide

HL*

PI. ,p 11
Pa

P, ,

RA~Pin, , 11-I"

P, ,

o
o it Association constant of inhibitor (Karush, 1959),

_ 01, "~I)(I+KAc)K, =_ _ ___ A _

The K\ value of the binding of R anti-PIOo n
antibody \\. ith 1251-HL was 1-1xi0, (1.1v) ; ,',

moles of antigen bound per mole of antibody in
the absence of inhibitor ; r', moles of antigen
bound per mole of antibody in the presence of
inhibitor ; (2), equilibrium concentration of in-
bibitor

b Unlabelled hen egg-white Iysozyme
" This peptide \\. as poorly soluble so the experi-

merit was carried out with the highest concetra-
tion possible

2.0

K, " (LA"

I. 6 x 105

1.4xlO'

< 5 X 102

<5 XI02

,, X '03

<5 Xi02

showed detectable inhibition, but the K, of the
Pi, ., u was only one tenth of that of intact HL.
P8 and PIO, which were shown to have sequ-
ences overlapping that of Pi, ,, 11 but with
scissions in the peptide bond of second loop
of HL, did not inhibit the binding, even at the
highest concentrations tested. In addition,
RA-Pi, , 11-I, which is the extended form of
the second loop of HL, also had no effect on
the binding of J'51-HL with R anti-F1, " n
antibody. These results clearly indicate that
the second loop of HL is one of the deter-
minant groups of HL and that the complete
loop is necessary for its activity.

P, , (Fuji, at a1. , 1968), which I^ , nets"-
minant group located in the N- and C-terminal
region of HL, quite far from the second loop
of HL, also had no effect on the binding of
}251-HL with R anti-Pi, ,, u antibody.

6. Inhibitoiy acttbiIy of R anti-F1, .,, 11 antt-
body o71 the errzyi, 11'c netabijy of HL

82
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If the anti-Pi, ,, 11 antibody Interacts \\, Ith
the native form of HL, the enzymic activity of
HL should be influenced by the binding of
this antibody, especially \\, hen the size of the
substrate is large. In addition, it has been
shown that the efficiency of neutralization of
HL activity by one kind of antibody is strongly
dependent on the specificity of this antibody,
especially when the size of substrate is small
(Fujio at a1. , 1971). Therefore it seemed in-
teresting to see the efficiency of neutralization
of the enzymic activity of HL by R anti-F1, ,,, 11
antibody.

Fig. 6 depicts the neutralization of enzymic
activity of HL by increasing amounts of R anti-
PI, , u antibody \\, ith 11/1. b^sodeikti'tits as sub-
strate. For comparison, the neutralization of
the enzymic activity of HL by R anti-HL anti-
bodies, prepared by dissociation of specific pre-
cipitates, as described before (Fujio at al. ,
1968), is also shown in Fig. 6. Neutralization
by R anti-PI. ,,, 11 antibody was slightly less

efficient than that by R anti-HL antibody.
Fig. 7 shows results on the neutralization of

the enzymic activity of HL by increasing
amounts of anti-F1. ,, u antibody \\, ith hexa-N-
acetyl-chitohexaitol (Iruanishi at a1. , 1969) as
substrate. R anti-P, antibody \\, as also pre-
pared \\, ith P, -Sepharose jinmunoadsorbent
from the same batch of R anti-HL antiserum

used for preparation of R anti-F1, .,, n antibody.
Results of neutralization experiments using R
anti-HL antibody and R anti-P, antibody \\, ith
hexa-N-acetyl-chitohexaitol as substrate are
also plotted in Fig. 7 for comparison

R anti-Pi, ,,, 11 antibody did not neutralize
the enzymic activity of HL at all \\, hen a small
sized substrate was used. In contrast, R anti-
P8 antibody neutralized the enzymic activity
of HL even when a small sized substrate was

used. The results again indicate that the anti-
F1, ,, 11 antibody can also be differentiated from
the anti-P8 antibody by its behavior in neutral I-
zation of enzymic activity. The results are
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consistent with those obtained from experi-

merits with jinmunoadsorbents and equilibrium
dialysis, described in the previous section,
which showed that the specificity of the F1",!, u
antibody is distinct from that of P, antibody.

DISCUSSION

The reversible blocking of the amino groups
of HL have been studied by Habeeb and
At assi (1970) and recently a preliminary report
by Aha^^I at a1. (1973) Indicat. d that ^ p. ptid,
(sequence 62-68 linked by CysG4-CysSO with
sequence 74-96) has antigenic activity. \\!e
also independently studied the tryptic diges-
tion of citraconylated HL and of cyanogen
bromide treated HL (Fuji. at a1. , 1973). In
our studies, the antigenicity of the second loop
of HL were carefully tested, especially in rela-
tion to the antigenicity of the first loop of HL.

The antigenicity of the first loop (sequence
64-80) of HL has been thoroughly investigated
(Am on and SGIa, 1969; Maron at a1. , 1971;
Telcher at a1. , 1967) since P, (sequence 57-
107) \\, as found to be antigenic (Shinka et al. ,
1967). The conformational factors of this de-
terminant seem to be ve^, Important in keep-
ing the loop peptide in an antigenetically acti\, e
state.

In this paper, the second loop of HL was
isolated and its antigenicity was studied. The
results of binding experiments using Immuno-
adsorbent and equilibrium dialysis Indicated
that the specificity of the second loop Is distinct
from that of the first loop. The opening of
the loop by reduction and alk}, ianon or any
split of the loop destroys the antigenic activity
of this determinant

The data in experiments \\, Ith jinmunoad-
sorbent and equilibrium dialysis \\, ere obtained
using the F1, , 11 obtained from CHL. The
Pi, ., 11 obtained from CBHL was also tested
in both ways and gave essentially the same
results as the Pi, , 11 from CHL. Recovery of
Pi. ., 11 from the tryptic digest of cyanogen
bromide treated HL was better than that from

the tryptic digest of CHL. The reason for

this is uncertain, but it is possible that citra-
conylation does not proceed completely horno-
gene. us Iy, us described by H"beeb at a1. (1970),
who suggested the partial citraconylation of
setine and threonine residues.

Recently, Reichlin (1972) made the interest-
ing observation that when a rabbit was jin-
inunized \\, ith human haemoglobin, only the
regions of the haemoglobin molecule with dif-
ferent amino acid sequences from that of rabbit
haemoglobin \\, ere antigenic. These results
strongly suggest that a factor governing the
antigenicity of a certain region of the molecule
is the structural relationship between the anti-
gen molecule and its equivalent in the host
This concept was also discussed in our previous
report to explain the possible jinmunogenicity
of the catalytic site of HL against rabbits (Saka-
to at a1. , 1972). At present the complete
amino acid sequence of rabbit Iysozyme is tin-
known, but it \\, ould be Interesting to compare
the amino acid seqtience of the second loop of
HL \\, ith that of the corresponding region of
human leukemia Iysozyme (Canfield at al. ,
1971). Comparison of the amino acid sequence
fr. in 74 (A^n) to 96 (Ly^) of HL with th. cor
responding region of human Iysozyme, shows
that 10 of 23 amino acid residues are different
Nine of 10 amino acid residues are located on

the surface of the molecule, according to
Browne at a1. (1969). Therefore, it seems POS-
SIble that the second loop region of HL in a\.
be antigenic in mammals. More direct cum-
parison must be made of the amino acid sequ-
ences of the jinmunogen and of the equivalent
protein in the I\OSt.
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