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BIKE\ JouRNAT, 5,201,226 rig62)

jinmunochemical Studies on Lysozyme

111. Cross Reactions of Hen and Duck Lysozymes and Their
Methyl Esters

HUI\lF. Fullo, YosHiniKO SAIKi, AllcHiKO IMAXisHi,
Soilri SHI\KA .\ND TsuNEHisA AMANo

Dtick antl hcn egg \\, Ilite Iys:11yinc (DL and }IL) \\. crc putinc"I 10 Ihc samc ticgrcc. TITc 1.0n, 0-
gcncity or Ihc I}Tupaiaiioil nom duck \\'as proVC, I by tillTaccntrirLigatioiT anti gel cliffttsioii cxperimcilis
115 ItTclhyl CSicr (DL\111) \\'as Dr. pal'ccl anti 5110\\. I, to illhibit I, cn and (1.1c!< Iysozyn, CS compeliti\ cl,

Tllc irumtinological cross rcactioits o111cii Iysozymc, 111c IncllTyl CSicr or Hl, (HLA. IE), Dl. and
Dl, XiR \VCrc studiccl IJy the quaniiiativc prccipitiiT ICaciiun anti neti!Tallzaiioit of Ihui\vo Iysoz\. incs,
Lisiiig then' 10L!r ai, 115cra. Tile Ihrcc Ilcicrologous antigcns cross readcd \\1111 111c Tour anlirera in Ihc
piecipiiin reaction. 11. Ihc cross rcac!ion or DL willt LU, -antiscrunt and also or I{L willI DL-ai, :I-
scrunl it was round 11tat at least I\\'o ai. jigcnic situs arc cumnTon to bullT aitiigcils anti at ICast two
antigenic 511.5 arc SPCciiic rot cacll ailjigciT. By conlparii, g Ihc rcaciioils or DLi\{E ailLIDl. \\ith
Dl, -aittiscruin, Dl, \. IE was showil to ITa\'c 10si only o11c o111tc anjigcnic sites orDL tlririiig nlcill Ia-

TITis is also Iruc or 111c antigcnic ,it's o1' HLA. IE in comparison willT Ihosc or HLlion

\,\!illl regartl to 11cuiralizing ailliboclics, 11 was sho\\'Il by 51Lidics OIL a special baicll or HL-
antiscrum, 111at some HL-non-ITUtitralizing an liboclics can cross-ncutTalizc DL. FDLir 11 actioits or
neuiTaliziiTg antiboclics or poolccl }IL-antiscra weic tlisiiiiguishccl by absorpiion expcrimcitts. Frac-
lions Allii ancl Gini \\. CTC classified as Hl. - aitcl DL-ncuiralizing antibodies. I?Taction Bij was shown
10 be specific for' HL only and Iraciioi, Ei, \\'as asstiiiTcc1 10 be }IL- lion-netitraliziiig but DL-cross-
neutralizing. Tite neutralizing aitiibodi, s or 111c o1/10r Ihrcc ai, liscra \VCrc also clisiinguislicc1 11,10
fractions

DelJ";in!e, !I qf 11/11"11,1010"J^, R, Jan, ,/I IF!$1i!"IC for
Anti, bib/ Di, cafer, Ofnk, I Uru'IleiJ!'",, Ofnk"

(Referred/, JP!, 611t, !in", DC10b, r If, 1962)

SUNl\-I. -\RY

The Immunochemical nature of hen egg white Iysozyme ITas IJeen studiecl in
this Ial)oratory for' scveral *;cars. Studics navc bcen made on the differcnt SPCci-
ficities of thc antibodies (Fuji0 81 n/., 1959) as \\, ell as o1t the I)eha\, 10r of Iysozyine
in Iminunochemical reactions (Shinka ,/ "1. , 1962). In our first IJapcr it \\, as
reported that HL-antiserum contained t\\, o kinds of neutralizinu antil, odics of
differ Gilt specificities, thc one IJ. ing an sorbed by the methyl ester of HL and the

The following abbreviations are usecl in this report: Ilen egg \vltite Iysoz\, me (HL), cluck cgg \\. ITite
by. "yin, (DL), in, thyl via of HL (HLME) and in. Ihyl us re" of DL (DLME)
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other not. However in this \\, ork it was uricertaiii whether all the antibodies elicited
Iiy HL in rabbits could neutralize HL. This problem was partially solved, as

batches of HL-reported in our second paper, for. it was demonstrated that in some
antisera not all HL antibodies were neutralizing. In the present \\, ork duck egg
white Iysozyme was purified and its methyl ester was prepared. The Immunolo-
gical cross reactions of HL, HLME, DL and DLME \\, ith the four respective an-
tisera were studied IJy the quantitative precipitin reaction and by neutralization
of HL and DL.
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I. Hell egg while b, o<11"e

HL was preparecl as described in our first report (Fujio at a!., 1959)

2. LJ, ,o<1.1^, menu. ! esie, J

\{ethyl ester derivatives were preparecl according 10 the method of Eraenkel-Conrat ( 5) an
Frieden (1956), as dcscribed in our first repoit

3. an!ife!a

The inTmunizaiion schedule and the preparation of antigens in Incomplete Freund s atUu\, ant
were as described in our first report. Eaclt batch or antiserum from a single rabbit, was tested 101
the presence of an equivalence zone, and hornologous antisera shownlg 111e irumunological It Qinoge-
neity were pooled. A special batch or HL-antiscrum from a rabbit (LF-32) was also Lised in this
study. In this paper \\, hen the batclt number is not specified, pooled HL-ai, tiserum \\. as Lised. A Ier
mactivatioil at 56'C for 30 minutes, serum Iysozyme \\, as removecl by bentoite (\\ ako Pure Chemi-
cals, Lot No. 77CD 74254) according to the method or Inai and Kishimot0 (1958) and then stored
at -20'C

AtATERIAl. S AND A{ETHODS

+. q!, antito!i"e Alec!pint yen, lion

The quantitative cleterminatioi, of precipitated antibody nitrogen in ai, liseruin was madc as
describecl by Heidelberger and Kenda11 (1935). The antigen nitrogen and prccipiiaLccl aillibody
nitrogen were determincd by the inodinccl direct Nessierization Inethod (\ okoi aitd Akashi, 1955).

5. Diiec! A'"$!, lie@!ion 101' deleimi""lion @11roiei" Rill'o8e"
The standard curve nladeThe procedure used \\, as essentially as described by Yokoi and Akashi

b this modified inclhocl \\, as linear up to 120 11g I\:. Thc expcrimental cum' was within ,_. O
11g \

6. Deleiini"ajioii of !, ro, me ticli"iO.

Titc A1.4.30deiktic"s suspension used as substrate in these experimcnis was prepared as clescribcd
by Sinolclis and Hattse11 (1949). Prior to the assay, a cell suspension was prepared froitt UV irracliat-
ed and Iyophilized cells in A{!15 I)hosphate buffcr at pH 7.0. This bacterial suspei15101T was adjusted
to ait extinction or 1.08 at 540 in/, Lising a Beckmail SPCctrophotomcter. A SIai, darcl curve for
Iysozyme activity was obtainecl as follows : 2.0 inI or saline containing varying amounts or jusozyme
(0. I to 1.0 11g N) in Nil50 PIlOSphaic buffcr, pH 7.0, were ntixed with 2.0 InI or the bacterial suspension
and the nlixtures were incubated at 30'C. After 13 minutes, the turbidity was estimated ancl the
rcduction in turbidity \\, as plotted agaii. st the logaritllit, of the Iysozynte conceittration. A 511aighi
line \\, as obtained between O. I and 10 Jig I*; or added Iysozyme. To determine the Iysozyme acti\. 11y
or a sample, 2.0 inI of the sample was added in place or the standard solutioil or Iysozyme



7. ,. IfJay of "e"!Janei"g an!I'bothe, in an!I'rer" and ill Ihe filler""!initJ of Ihe pi'ecjpi!!}I Jean!'o11

Serial I :2 cliluiions (I : I, I :2, I :+, I :8 anc1 I : 16) were ittadc from 1.0 n, I or the super namnis or
antiscra anc10.5 in I \. OILiincs \\, CTe put in each tubc. One in I oilysozyine solulion (I Ifg \ per ntl) ailcl
0.5 In101btifTcred saline \\eie atIdecltoiheiubcs, winiclt were theIlincubated at 37'C for 30 minutes
anct at 2'C UVcrnigl, I. Two inI or bacterial suspension \\, as Ihen adcled. ,\s conirols, two additio al
series DISCrial dilutions werc macle. To one sencs of Iubcs 10 I, Tl aliquots or A{150 pitosphatc buffered
saline was added in place or 1.0 ntl of Iysozymc solutioiT. After the incubation, bactciial sus eit I
was addccl to cacl, Iubc. To 111c o1h"' series, 10 in I aliquois o11ysozvmc solution \\, CTC addecl anti after
the incubation. 2.0 in I of A{115 phDspltatc btifTu. \\ as atIdcd in place of the bacterial SLispci, sioi, . ,\11
the tubes \\, CTC incubated at 37'C For' 13 minuics anti 111c TcdLictioi, in bacterial densiiy was '51/1nated
in the experimental anti Ihc first conLrol scries. TITC LUTIJicliLy was estimatecl in the tubcs of the
second control setics. From the value of the rcclucecl optical density of 111c experimental tune Ihe
optical ticnsity of 111e COTrcsponding tube or Ihc first conirol sencs and the turbidity of Ihc correspond-
ing tube or the cocond control scries \VCrc 511btractcd. Front LITc correctccl \, alucs for the reduciion
in bactcrial density, 11Tc concciiratioit or tillITcuii'allzccl Iysozymc in Ihc experimental Iubcs was cal-
CLIlalccl, using a SIai, Liard CLIr\, c or HL or DL. Thus 111cIrcc I\, sozymc conceittration coulcl bc lolled
agaiitsiihc corrcsponcling tlilutini, factors. Thc r'sult was appioximaicly 11ncar except at \, CT low
valucs. 'U, e linear portion or litc PIOL was exitapolatccl to 111c abscissa. The clilution of lite saln to
aL 111c liticrccj)I was regardccl as that \vhicll coinplcicly ncutralizecl the addccl Iysozymc. Onc tini! or
Iysozyinc antibodyis denncd as Ihc amount witicll can ncutralizc 0.1 11g \ orlysozymc. TheTcloic,
Ihc It, utralizing antibocly ^emaillIng In 1.0 inI of the SLIPurnatant was calculatcd as follows

"g \ o11ysozyntc X cliluiion IacL0^ I 11'0. I 11g \ x 1.010.5
Usually the SLIPcrnaianis or 11Lc precipiiin rcaciioii Ilact a \, o1ume or 2.0 in I. TITcrcrorc, lite \, aluc was
dotiblucl \\, IlciT the total amount or ncuiraliziilg antihocl\, in Ihc SLIPcrilatallis was calcula!cd

8. Gel tnn!'10/1 eveii'111,111

Oticlttcrlony's LIDublc cliffu\1011 ICchiiiquc was cmploycd. Difco agar. was clissolvccl to gi\. c a I
per ccilI solution in NII50 phosphate bLirrurcd sannc, pH 7.0, CUI, laining 0.01 per cunt ntcrilliolaic
The distancc belwecii 111c wells was apj, To ximaicly I cm

9. Oninte"!inng"! rind/in'.,

A Spinco in DC1cl E ultraccntrifugc was Lisccl. Tllc centririigc was rotated at 20'C

CROSS RE, \CTIO\S OF HEN AND DUCK LYSOZYi\IES 203

I . PI!1'71cn/!oil in11 11,111i'c of d!!c/, egg rehi/, tyro<Jin,

As the Iysozyme content of ducl< egg \\, hite is very 10\\, as compared to tllat of
hen cgg white (about 1110), DL was first concentrated I)y adsorption-Glution with
bentnite according 10 the method of Alder toll ct a1. (1945). The concentrated
solution was fraction ated IJy ammonium sulfatc and ~furtlier purified by, IRC-50
(CG-50) column chroiTTatography iil the same \\, a}, as HL (HITS at a/., 1953)

Onc liter orhcsh cluck egg \v1111c washomo, ,unizcd, filtered Ihrougll gallzc anti added 10 ai, c tial
volume or I per cent buninitc suspci, 51011 (\.\!ako PLn'c Chcnticals) containing I per ccnt 1<01. TITc
mixiurc \\, as stirrcd for' 15 n, intiles anti then centrifugcd at 3,000 rpin for 30 minutes. Tl, e bentnitc
was washcclihrcc times willT I I or 0.5 XIpltosphatc buffer. pH 7.5, and Ihcn 111rec limes willl I I or
51, er cent pyridine soluiioit at pH 9.2. Tl}ci, Ihc DL was eluicclwillT 900 n, 1015 per centi, \ridinc
solution at pH 5.0 (aruustccl willl conc. }T'SO;). Tlle eluiioii \\. as completed willliiT 241, ours. To
lite cluate was addcd 5011clanTinoniunl sulfatc to a concentration or2.6 \Ianclil}c mixture \\. as kcpt

RESULTS
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at 5'C overnight. The precipitate was dissolved in a small amount of water and dial\ zed against water
in the cold for fi\, c days using a cellophane membrane from a selected batch. The dialyzed solution
was centrifuged and the super natant was iyophylized

The crude material was further chromatographed on an IRC-50 (CG-50) column (10 x 30 cm)
equilibrated \\, it}l 115 M phosphate buffer, pH 7.8, containing 0.01 per cent inerthiolate. A volume
containing 2.7 g of protein were applied to the column and eluted with the same buffer at a rate or
96 nit per hour at 22-25'C. The eluate \\, as collected in 16 in11ractions. The protein content of each
fraction was determined by the Biuret reaction and the optical density was read at 555 inn in a Beck-
man spectrophotometer. Results from a typical chromatogram are shown in Fig. I

204
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As can be seen, three Iysozyme fractions were found and fraction C was the
mailT component. The main component was Iyophilized, after dialysis against
water. It was Techromatographed on a 1.5 x 34 cm column of the same resin ill
the same buffer. A volume containing 28.4 ing of protein was applied and the
flow rate was 4.5 inI per I hour, Fractions of 3 in I were collected. The con-
centrations of protein and Iysozyme activity in the effluent are shown in Fig. 2.

Fig. I. Chromatography of Crude DL Preparation
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(in 0.2 in1001um. ^) ^ N, . I, 4 Ag N of DL; N, . 2,8 ^g N of DL; N. . 3,16 Ag N
of DL ; No. 4,32 14g N of DL ; No. 5, saline. According to the results of the quanti-
tative precipitin reaction, the equivalence point of DL was 2.88 14g N per 0.2 inI
of DL-antiserum. As can be seen in Fig. 4, the amount of antigen added to well
No. 4 was far in antigen excess (more than I I times) and still only one precipitation
line was observed. Therefore the main component was antigenically homogeneous.

CROSS REACTIONS OF HEN AND DUCK LYSOZYMES

Fig. 3. Ultracenlrifugal Pattern of DL

The yield and purity at each step of purification are presented in Table I .
The enzyme activity per 11g N at the last step was almost the same as that of purified
HL.
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o
o O

Duck egg while

Washing bentoiie with 0.5 M P-buffer

Washing bentnite with 5% pyridine

Eluole with pyridine at pH 5.0
Crude DL

Purlfid DL

o

Methylated duck Iysozyme was prepared according to the method of Fraenkel-
Conrat and Frieden. The sedimentation patterns of DLME, HL and HLME
are shown in Figs. 5,6,7, respectively. A single component was found in each and
their sedimentation constants were approximately 1.8,

Fig. 4. Gel Diffusion Experiments with

VCrying Concenfrolion, of DL

Table I. Recovery of DL

o

Protein

19Ni

244

6.0

285

3.62

2.02

O. 55

Lysozyme
19Ni

1.56

Recovery
1101

10

0.57

0.55

100

Purification
index

64.1

36.6

35.2

43.2

55.5

194
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Fig. 5. Ultracenfrifugal Puffern
of DLME

2. Coinp8titi"e inhibition of DL and HL with DL-ME and HLME

As HLME competitive Iy inhibited HL, as already described (Fujio at al. ,
1959), themhibiting effects of DLME and HLME upon DL and HL were studied.

1.0 inI anquots of Mj15 phosphate buffer (pH 7.0) containing varying amounts of DLME (128.8,
193.4,258.2 and 515.6 Ag) or HLME (132.0,198.0,264.0 and 737.2 I, g) were put into tight tubes.

Three additionalTwo in I of a suspension of M. !750deik!furs ( 1.0 ingjml) were added to each tube
tubes served as controls. One control (C, ) contained 1.0 inI of buffer in place of the inhibitor
solution and 2.0 inI of bacterial suspension. The others (Cz and Ca) contained 1.0 inI of buffer
cont, ming DLME (515.6/, g) and HLME (737.2/, g), re^pe, tively, and 2.0 in I of bacterial
suspension. The eleven tubes wereincubated at 30 C for 10 minutes. One in10f prewarmed buffer,
containing 5.85 11g ofDL, was added to each or the experimental tubes and to tube C, . One inIan-
quots of prewarmed buffer were added to tubes C and C . The tubes were reincubated at 30 C
for 13 minute3. The turbidity of the tubes was estimated in a Beckman spectrophotometer at 540
inn. The degree of inhibition was calculated as shown in Table 2

Table 2. Inh'b'lory Effect of HLME and DLME on DL

F'g. 6. Ulfrocenfrif ugal Pattern
of HL

DLME final conc

1/19Ni

Fig. 7. Ultracentrifugol Pattern
of HLME

32.2

4835

64.55

128.9

As can be seen from the table, DLME and HLME competitive Iy inhibited
DL and HL to the same degree.

3. q!,@it titanue 1786jpitin reactions of the fowl' an123e?a with Ihelow, ' antigens and the late
of neutralizing antibodie$ in the s"painot@itt$

Inhibition

43.8

56.8

67.9

I00. O

HLME final conc

1/19Ni

330

49.5

66.0

184.3

Inhibition
o

43.2

55.6

64.2

100. O
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To study the nature of the antilJodies formed by, HL, HLME, DL and DLME,
comparative studies were made of cross preciptin reactions of the four antigens with
each of the four antisera and also of the cross neutralization reactions.

I ) HL-an!iferum

I) Piecjpi!in learnon
Varying amounts or antigens (as shown in Table 3a, b, c and d in 11g :';) dissolved lit 1.0 inI of

saliiTe, were addecl to tubes containing 1.0 inI of HL-antiserum. Controliubes were also included
The tubes were incubated at 37'C for I hour and then at I'C for 5 days, and centrifuged. After reino-
val of the supernatants, the precipitates were \\, ashed with chilled saline and the total precipitated pro-
lein N was estimated. The results are sho\\, n in Table 3a, b, c and d including the results of tests on
supernatants for excess antigen and antibody

In each of the four systems an equivalence zone was observed. The maximal
amount of antibody precipitated was greatest with that of the hornologous antigen
(HL) and der"coned in the ,"der HLME>DL>DLME (tub, 7 of Tan1,3", b
and c, tul, e 6 of Table 3b, and tube 4 of TalJle 3d).

Table 3. Quantitative Precipifin Readions of the Four Antigens in HL-Antiserum

a

Tube

NG

2

3

4

5

6

7

8

HL

I"gNl

4.2

6.5

9.8

11.8

12.6

16.4

19.6

26.2

PPIed Antibody N Tesis on supernoianisI Total PPIed PPIed
protein

149NI Antigen N I I HL added1/19Ni

128.8133

160.4167.4

227.6237.4

245.8257.6

I 251.4264.0

283.6 267.2

295.6 276.0

I 275.6 I
ITUble 31 b

Tube HLME

1/19NiNo

6.0

12.0

14.4

16.4

19.0

24.0

30. O

40.0

2

3

4

5

6

7

8

Total PPIed
prolein

1/19Nl

114.6

198.0

226.4

239.4

268.6

2870

303.0

274.0

30.7

24.5

23 .I

20.8

200

16.3

14.1

PPIed
antibody

ipgNl

I08.6

186 . O

212.0

223.0

249.0

263.0

273 . O

Antibody Nl Tests on super notonis
: ---- - - --- ---- --- --- ---- - -

.HL Grillserum! HLME anti-
HL HLME, n igen added ' serum added I

4.18.1 r I

155 4L

147

13.6

131

11 O

91

2+

2+

+

,-

2L

,- I "

2~

^

2+
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ITUble 31 c

Tube DL Total PPIed I PPIed 'An libody NI Tests on super notonisprotein antibody ^ ^r^-^;" "' ~
No. 149Nj

05

102

20 I3

304

51 40

6.06

7180

12 O8

20 O9

10 I 240
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1/19Nl

15.5 I
27.8

52.6

61 9

788

111.0

119 O

99 8

77.8 I
4081

11tgNl

15 O

26.8

50 6

58 9

74 8

105 O

111 O

HL Grillserum DL antiserumj HL HLME D.
I Antigen N I ,dded I added I added added added

3+ 3+30 O

3+ 3+26 8

25 3 3+ 3+

196 ^ ^

187

2+ 2+175

2+ 2+139

2+ 2+

2+ 2r

ITUble 31 d

Tubej DLME

149NlNG

I O

2 20

3 40

604

5 8.0

12 O6

16 O7

Tomj PPIe' Iprotein

1/9Nl

21 9

34 2

59 I

71.2

67 O

64 O

59 O

As can be seen in Table 3b, the supernatants in the antigeiT (HLA{E) excess
zone gave no precipitate with the slight amount of HL added, although there was
slightly but definitely less precipitated antibody N at the equivalence point (tube
6 of Table 3b) than in the hornologous HL~anti-HL system (tube 7 of Tanlc 3a)
and approximately 15 per cent of neutralizing antibodies for HL remained uriab-
sorbed in the supernatants in the zone of antigen (HLA{E) excess, as descrilJed I>Glow
(Table 4, Fig. 9). These facts \\, ere consistent with those reported previously from
this laboratory (Fujio at a/., 1959). The results \\, ere also consistent with the
findinos on an Ouchtel'1011y plate, in which HL and HLME were tested against
HL-antiserum and the two single precipitation lines fused with each other. \\, ithout
spur-formation, as can be seen in Fig. 8. Since the n}aximal amount of I, red. pitat-
ed antil>ody of HL and HLME antigens differed, the antibodies corresponding to
this difference must be mainly multivalent. AltlTough a rollltivalent antibody
could give precipitates with the antigen, r, o precipitation of the supernatants of
the HLME~HL-antiserum system was found with a minute amount of HL and
no spur-formation could I, e detected. These negative results nTay I, e explained

PPIed
antibody

1/19Nl

20.9

32 2

55 I

65.2

3+

3+

3+

Antibody N

.-

3+

3.

3-

Antigen N

20 9

16 I

138

109

Tests on super notanis

DLME anti. DL I DLME HL
serum added added added added

3-2+

3L

3-

3-

2.

2L

2L

,-

2+



by assuming that the supernatant contained antibodies \\, ith only one kind of spe-
chicity and that these antibodies could react \\, ith only one of the antigenic sites
of each HL molecule resultin. in the formation of a soluble complex.

CROSS REACTIONS OF HEN AND DUCK LYSOZYMES

HL HIME

In tests on the supernatants of the tunes shown in TalJle 3c, HL or HLA{E
gave precipitates with all the supernatants, \\, hich \\, ere obtaincrl after. the pre-
cipitin reaction of DL with HL-alitiserum. Therefore, according to the lattice
theor\,, the sunernatants contained antil)odies of at least two different specificities
with Teaard to their antigenic sites. The implication was confirmed IJy a ryel
diffusion experiment on an Ouchtcrlony plate, in which DL, HLi\{E and HL were
tested aoainst HL-antiserum and the single line, IJet\\, Gen HLME (or HL) and the
antiserum, fused forming a spur \\, Ith the single line appeared between DL and thc
antiserum (Fig. 8)

When the super natants of the DLKITE~HL-antiserum systein \\, ere testcd, as
shown in Table 3d, HL and HLME gave precipitates throughout the ran. 'e tested.
Thus results are \, ery similar to those with the DL~HL-antiserum system. How-

ever DL gave no lirecipitate 111 the antigen (DLME) excess zone, allhouglT the
amount of antibody N precipitatcd in the equivalence zone of the DL~HL-anti-
serum s\, stem (tube 7 of Table 3c) was consider alJly Iaro'er than that in the DLi\JE~
HL-antiseruin system (tube 4 of Tal}IC 3d). TITese results ale also consistent \\, ith
tl\c findings in gel diffusion experiments (Fig. 8).

,1, ,\'CU/in!1<, 110!!

The super Datants obtainecl in the quantitative PI. ccipitiii reactioil of Ihc four
systems \\, CTC also analyzcd for' ITeutralizilTg antil)odies auainst hornolo, otis antioeii,
HL an <1 the ITeteiologous antleren, DL. The results are PICSentecl in Firs. 9 and
10. As can be secn, the curves for. urial)sorbed ncuiralizin. ' activity in Ihc supcr-
natants have plateaus in the antigeiT excess zone of the precipitin reactiolis. Thc
percentage activities of these platcaus of neutralizing activity for' the two Iysozymes
to that of the ori. 'Inal HL-antiscrun} were calculated, as shown in Table 4. The
nctitralizing antiliodies remaining after absorption IJy the cxccss of HLA, IE, TCPre-
sented alJout 15 I, er cent of the original activity for HL and 23 per cent for. DL.
This fractioiT of ncutralizin. antil}odics \\, as capable of neutralizino HL as \\, ell as

o

HL

01

Fig. 8. Gel Diffusion Experiments of the Four Antigens with HL-Antiserum

o

DL

DIME

o

HIME

C ups. I. 2.3. HI-Antiserum

HL. 4,951gN
HLME. 22,614gN
DL. 6541gN
DIME. 23.04gN

DIME
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DL and it is designated as AHD. When the supernatants were further al>son, ed with
an excess of DL:\{E, the antibodies still uriabsorbed represented 14 per cent of the
original activity for HL and 23 per cent for. DL, as shown in Table 5. The results

210
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Fig. 9. Fate of HL-neutralizing Antibodies of HL-Antiserum in Supernatcnfs
of Precipifin Reactions
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Table 4. Maximal Absorption of HL Antiserum
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indicate that the second absorption removed no additional antibodies and the
supernatant gave no precipitation \\, Ith a trace of DLME. Therefore, 31 per cent
(for HL) and 55 per cent (for DL) of the neutralizing antibodies directly, absorbed
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b\, an excess of DLi\{E apparently belong to the same fraction, CHD, and this fraction
is assumed to have I}een included in the 85 per cent (for HL) and 78 per cent (for
DL) absorbed by HLA, IE. The ncutralizin. ' antil)odies of HL correspondiiiu to
the difference bet\\, een^5and 34 I, er ccnt must IJe SPCcific for. HL and this fraction,
reprcsenting 54 per cent of the total activity, was named BH.

Table 5. Repeated Absorption of HL-Ant;serum w;Ih HLME and DLME

HL- neulrolizing DL- neutralizing
on libodies remaining antibodies remaining

?, %N. U N. U

290 100 121 100

15.344 4 27 2 22 5

27 340 4 139 22 6

HL Grillserum

offer absorplion with HLME

Iurlher absorbed with DLME

HL-antiserum was absorbed with a SIIo'ht exccss of DL and the remainino

neutralizino antilJodies were estimated for. HL. In this estimation Ihc excess DL

activity was always subtracted in the calculation. After alJsorption, 50 per cent
of HL neutralizing antil)odies were detectecl and therefore the remaining 50 Iter
cent of the on vinal activity \\, as absorbed by DL. The uriabsorbccl fractioiT must
be Bj{ and thc absorl)ed fraction must represent the sum of AHD ancl CHD (46 per cent) .
This can bc regarded as identical \-vith the experimental value (50 I, a. cent) when
thc expcrimental CTror is takcn into consideration.

11 these assumptions are 11'ue ancl fraction BH can only neutralize HL, the
neutralIzino antil)odies for' DL, \\, hich arc absorl)ecl by HLME and DLl\{E, would
be Idcntical. However, the difference betwccn the values (94- and 67 neutraliz-
ing units) can not IJe considered as within the rangc of experimental error. Thc
diffcrence can only I)e explained I)y I)OSIulating the presence of another fraction
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Fig. 11. Coinposifion of Neutralizing Antibodies of HL-Antiserum
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(ED) of antilJodies elicited by HL. Fraction ED has no neutralizing ability for HL
but it neutralizes DL. This assumption is supported by results described I, elow.
Thus the neutral12ino antibodies elicited by HL can I, e classified as shown in F1a.
11.

To reconfirm the above results, similar. experiments were performed using
individual HL-antisera of rabbits and a very interesting batch (LF-32) was found.
The equivalence point of this antiserum for HL was 22 11g N per inI and it contained
254 units of neutralizing antibodies for. HL and 83 tinits for. DL per inI. When it
was absorbed with DLME, there was no absorption of HL neutral121n, antibodies
(no CHD) but DLME absorbed 51 per cent of DL neutralizing antibodies. This
was named fraction FD. The results indicate that some HL~non-neutralIzin. ' anti-

bodies produced by HL are capal, Ie of neutralizing DL, as showiT in Table 6.

Table 6. Absorp*ion Experiments on Batch LF-32 of HL-Antiserum

HL-neutralizing DL-neutralizing
antibodies remaining antibodies remaining

I0001 100%254 N. U 83 N. U

390' 270,98 N. U 22 I N. U

314430,I I O N. U 25 5 N. U

o

255 N. U

I I4 N. U

161 N. U

168 N. U

o

HL antiserum

after absorption wiih HLME

further absorbed with DLME

offer absorption wilh HLME,
further absorbed with DL

after absorption with DLME

further absorbed with HLME.

of Ier absorpiion with DLME,
further absorbed wiih DL

clier absorption with DL

f uriher absorbed with HLME

.

As the presence of HL-non-neutralizinu antibodies \-\, as proved I, y Shinka at at.
(1962), the facts calT easily IJe understood. When the absorbed antiseruiT} \\, as
further absorbed by HLA{E, 55 per cent of the HL neutralizing antilJodies (fraction
BH) and the 19 per cent fraction (CD) of DL neutralizing antibodies \-\, ere removed
When the antiserum \-vas directly absorbed \-\, ill} HLA{E, 57 per cent of HL anti-
nodies (fraction BH) and 70 per cent of DL (fraction FD and CD) \-\, ere absorl, cd.
When the absorbed antiserum was treated in addition with DLME, no additional

al)sorption could lie detected. It is obvious that the 57 per cent fraction of HL
neutralizing antibodies is identical \-\, illT fraction BH found in the t\\, o step alJsorption
experiment \\, ith DLl\{E and HLA{E. The value of 70 per cent for. DL neutralIz-
ing antibodies absorbed by HLME was in o00d accord \-vitl\ the sunT of fraction FD
and CD. The prol, Iem here is \-\, he ther all or aiT appreciable amount of fraction CD
was present in fraction BH of HL neutralizing antibodies. Fractioi} CD was shown
to neutralize only DL and not HL in the follo\\, intr \\, ay. When the antiserum \\, as
first absorbed with DL, all the DL neutralIzin. antibodies were I, locked and 34 per

100%

450,

6305

66.0

404 N. U

25 2 N. U

4996

30%



CROSS REACTIO\S OF HEX AND DUCK LYSOZYA1ES

cent of the HL neutralIzino antibodies (fraction AHD) were alJsorbed. The remain-
ing 66 per cent of HL antibodies were completely absorbed I)y HLME. This 66
per cent can IJe regarded as equal to 57 per cent (fraction BH) when the experimental
error is taken Into consideration. If fraction GD coulcl also neutralize HL, fraction
BH found after absorption with DL would be much smaller. Therefore fraction
CD can I)e considered to neutralize DL but not HL. Thus the neutralizing anti-
bodies of this antiserum can be classified as shown in Flu. 12

An jigens used
AHD for absorptionFD

I=.-_._I : :

GD

==;1111

FOR HL

BH

I

;:^-:^;:^1:1

57%

I=----- I
~--- - - - -

I

\\\\

-..

Fig. 12. Composition of Neutralizing Antibodies of Batch LF-32 of HL-Antiserum

Shadowed paris represeni I rociions lost clier absorplion. Paris enclosed in dolled line represeni
fraction apparently neulralizing only he Ierologous on jigen and not hornologous an jigen
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I) FirCjpZ'/ill ICdC/1011

In studics of HLA, IE antisertiru, HLi\IE, DL and DLME \\, ere uscd as antioens.

HL \\, as omittecl IJccausc it ITad becn studied I)reviously (Fujio at at. , 1959) and it
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Tube ! DL

No. 1/19Ni

2.03 I

2 4.05 I
573

8.114

10.465

13.316

1627

26 78

30.49
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Tclal PPIed
protein

1/19Nl

27 6

37 2

47 8
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I

32 9
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33 .I a
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was found that HL I)ehaved in the same manner as HLME. The experimental
procedures used were similar as those used for HL-antiserum. The results of
quantitative precipitin reactions are shown in Table 7a, b, c.
Table 7b shows that a minute amount of HLME or HL gave precipitates with the
supernatants of the precipitin reaction of the DL~HLME-antiserum system
throughout the range tested. Similar results were also observed in tests on super-
natants of the DLME~HLA{E-antiserum system (Table 7c) \\, hen a minute amount
of HLA. IE was added. In the DLME~HLME-antiserum system, an additional
result should be described here. When the excess antibodies in the supernatants

were tested with a minute amount of DL, precipitates formed only in the antibody
excess zone (tubes I - 3 of Tal)Ie 7c).

10 Arewild/jea!ion
In neutralization experiments, as shown in Table 8 and Figs. 13 and 14, DL
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and DLME could absorb the same amount (71 per cent) of neutralizing antibodies
for' HL and those for DL were completely removed by DL but only 73 per cent \\, as
absorbed by DLME.

Table a '~Degree of Maximal Absorption of HLME-Antiserum

CROSS REACTIONS OF HEN AND DUCK LYSOZY\, IES

Antigens used
for absorption

HLME
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DLME

HL-neutralizing
antibodies absorbed
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and DL. However, fractioiT CHD does not represent all the DL-neutralizing anti-
bodies, liecause DLl\JE could absorb only 73 per cent. Therefore, this 73 per cent
of DL-neutralIzinu antibodies must represent fraction CHD and the remaining 27 per
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cent can be regarded as HL-non-neutralizing and only DL-neutralizing. This
is called fraction ED. The. 29 per cent of HL-neutralIzino antibodies which were
uriabsorbed by DL is named fraction BH and it neutralizes only HL. It is not
certain whether fraction CHD of HL-neutralizing antilJodies contained another
fraction, which neutralized only HL, because there was too great a difference
herneon th, neutron^ing units of HL (150 N. U. ) and DL (89 N. U. ) ^broth, d by
DLME. The neutralizing antibodies evoked by HLME can be summarized as
shown in Fig. 15.

EO B,

FC, HL An jigens used
for absorpiion
Can!+ F, ? I I-

I 11.11 am,
29%

Fig. 15. Composition of Neutralizing Antibodies of HLME-Antiserum

Shadowed parts represent fractions lost after absorption. Ports enclosed in dolled lines represent
f rociion apparently neutralizing only heterologous antigen and not hornologous an jigen

3) DL-antirerttm
I) Prectpi!in 78ac/ton
The antigens used in this experiment were DL, DLME, HL and HLME. The

experimental procedures were the same as those for HL-antiserum and the results
are shown in Table 9a, b, c, d. The amount of antibody precipitated was greatest
with the hornologous antigen, DL, and decreased in the order of DLME>HL
>HLME.
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In tests on the super natants of the DLME~DL-antiserum system, excess
antibody was found only in the first two tubes when tested with traces of DLME
and DL, although DL precipitated more antibody than DLL{E (tube 6 of Table
9a and tube 5 of TalJle 9b) and the supernatants in the antigen excess zone of the
DLME~DL-antiserum system still contained neutralizing antibodies for DL and
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HLME~HL-antiserum system. The result was consistent with that obtained in
a gel diffusion experiment on an Ouchterlony plate, on which DL and DLME were
tested against DL-antiserum. In this experiment the line given by DL fused with
that of DL-ME \\, ithout spur-formation, as shown in Fig. 16. The cross reaction
of HL with DL-antiserum is also shown in Fig. 17. The precipitation line given by

218

o

o
Fig. 16. Comparison of DL and DLME against

DL-Antiserum in Ouchferlony Plate

HL fused with that of DL with spur-formation. The result is consistent with that
obtained in tests on supernatants of the HL~DL-antiserum systenl shown in Table
9c, in which excess antibody was detected throughout the range tested with a
minute amount of DL.

it) Aleutianea!ion
The neutralizing antibodies were also estimated in the supernatants of the

precipitin reactions and the results are presented in Figs. 18 and 19 and Table 10.
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per cent of those for HL, and excess HLl\IE could remove 28 per cent of those for
DL and 20 per cent of those for HL. To test \\, he ther the antibodies absorbed by
HLME were included in those absorbed by DLME, the neutralizing antibodies
remaininu after the absorption by DLME were further absorbed with excess of
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Fig. 19. Fate of HL-neutralizing Antibodies of DL-Antiserum in Supernatants
of Precipifin Reactions

Table 10. Degree of Maximal Absorption of DL-Aritherum

An jigens used DL-neulrolizing HL-neulrolizing
for absorption antibodies obsorbed antibodies absorbed
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HLME. No further absorption \vas seen as shown in Table 11. Therefore, the
neutralizing antibodies absorlJed I)y HLA, IE must be included in those al)sorl)cd by
DLiVIE. DL could exhaust all the neutralIzino antiliodics of hornolo. ous anti-

serum for DL as well as for. HL, and HL absorbed 54 per cent of those for. DL and
100 per cent of those for HL

Table 11. Repealed Absorption of DL-Antiserum with DLME and HLME
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The IlGutralizino antibodies alJsorl>ed I)y HLME can neutralize both DL and
HL and this fraction was designated as CDH (28 per cent for DL and 20 per cent for
HL) . After absorption of DL antiserum with HL, 54 per cent \\, as removed and
46 per cent was left, and this 46 per cent fraction neutralized only DL. Though
no further al>sorption experiments were performed, this 46 per cent fraction can
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be assumed to be identical with the difference between 69 per cent of DL-neutralIz-
ing antibodies and the 28 per cent of fraction CDH. This is called fraction BD. The
remaining DL-neutralizing antibodies, after absorption with DLME, could neutral-
ize both DL and HL and were called fraction ADH. The sum of ADH and CDH cannot
account for the total neutralizing power for HL. The difference in the HL-neutral-
Izin, ' activity alJsorbed by DLME and CDH must be regarded as antibodies neutral-
izing only HL but not DL and it was named fraction EH (58 per cent). In
summarizing the above results, the neutralizing antibodies produced by DL can
be classified as shown in Fig. 20.

220
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Fig. 20. Composition of Neutralizing Antibodies of DL-An*iserum

Shadowed ports represent fractions lost after absorption. Paris enclosed in dolled lines represent
Iroction apparently neuiralizing only heterologous on jigen and noi hornologous antigen

4) DLi\{E-antiJei. unt

i) Piecj!Jinii ledction
The antiuens Lised \-\, ere DLL{E, DL, HL and HLME and the results of the

precipitin reactions are shown in Table 12a, b, c, d.

Table 12. Quantitative Precipifin Readions of the Four Antigens in DLME-Antiserum
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DL precipitated approximately the same amount of antibody N at the equi-
valence point as the hornologous antigen (DLME) did (taiJe 6 of Tai)Ie 12a and
b), and HL also precipitated the same amount of antibody N at the equivalence
point as HLME did (IulJe 3 of Table 12c and d). The latter result was very,
remarkal)le when compared with results on the three antisera described above.
The super natants of the systems of HL and HLME contained excess precipitins
for DL as wellas for DLME throughout the range tested.

10 Afar!I'd neation
The fate of the neutralIzii}g antiliodies in the supernatants of the foul' I, reci-
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pitin reactions \\, ere also studied. The results ale shown in Figs. 21 and 22 and
Table 13. As can be seen, DLME and DL completely removed all the neutral12-
in. ' antibodies for. DL and HL, and HLME absorbed about 30 per cent of those
for DL and 100 per cent of those for. HL. In these neutralization experiments,
DL and DL}\{E liehaved as the same arithen, as did HL and HLME. These facts
arc consistent \\, ith the facts that no difference could be found in the IJehaviors of

DL and DLME or of HL and HLME as precipitinouens. The DL-neutralizing
antibodies alJsorbed by HL or HLME (30 or 32 per cent) can be regarded as
identical and this fraction could neutralize both DL and HL. Hence it is termcd

fraction CDH. The 70 per cent fraction of DL-neutralIzina antibodies could
neutralize only DL and it is designated as fractioiT BD. As all four antlerens could
al>sorlJ all the HL-neutralizing antibodies, HL-neutralizing antibodies may be
due to CDH. HD\\, ever, it is conceivable that another fraction, EH, which can

neutralize only HL and can be al>sorbed by all four antigens, \\, as preselIt in ad-
dition to CDH, IJecause there was too much difference bets, Gen the HL-lieutraliz-

ing activity of CDH (28-26 N. U. ) and the total DL-neutralizing activity of
DLME-antiserum (76 N. U. ). In reviewing the above results, the neutralizing
antiliodies can I)e classified as shown in Fig. 23.

An jigens used
for absorpiion
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Fig. 23. Composition of Neutralizing Antibodies of DLME-Antserum
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Though DL \\, as not obtained in crystal11n form, it was purified to almost the
same specific activity as HL. The homogeneity of the DL I>reparation was proved
by ultracentrifugation and gel diffusion experiments.

The cross I, recipitin reactions demonstrated on four antigens with their four
respective antisera indicate the presence of some common antigenic sites on HL and
DL, which are retained after esterification with methyl alcohol. As the super-
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natants of the precipitin reaction of HL-antiserum with DL gave precipitates when
excess antibody was tested with a minute amount of HL and at 68 aerJn, HL can be
assumed to contain at least two antigenic sites specific for HL when interpreting
results in the noht of the lattice theory. The same assumption can be made for
DL. In addition, HL and DL bear at least two common antigenic sites because
they could give precipitates in cross reactions. Such assumptions were consistent
with results of gel diffusion expeliments, in which the two precipitation lines given
by HL and DL with DL-antiserum fused forming a spur.

11T our first report (Fuji0 81 a/., 1959) it was assumed that HLlv, IE lost one
antigenic site when HL was ester med and HLME acquired no new antigenic site
as an artifical antigen, because HL precipitated the same amount of antibody as
HLME itself with HLME-antiserum and some fraction (15 to 20 per cent) of HL
antibodies could not be precipitated by HLME. Moreover the super natants of
the HLME~HL-antiserum system in the equivalence and antigen excess zones
gave no precipitates when excess antibody was tested with an appropriate amount
of HL. If the antigenic sites of HL molecules are all the same in specificity, some
precipitate must be found in tests for excess antibody. The same phenomenon
could be seeil in the DLME~DL-antiserum system. In gel diffusion experiments,
the precipitation line of HLME with HL-antiserum fused \\, itIT that of HL against
HL-antiserum without spur-formation. The same was true in tests on DLME
and DL us intr DL-antiserum. To interpret these phenomena, the authors assume
that the antigenic sites of a single protein molecule are different in specificity from
each other. Such a concept was proved in studies on the proteolytic digests of
human serum albumin (Lapresle, 1955; Lapresle at a{., 1957a, b, 1958), the pro-
teolytic digests of diphtheria toxin (Raynaud, 1958) and the proteolytic digest of
T-globulin of horse diphtheria antitoxin serum (Fujio at a1. , 1958), and considered
to be reasonable by Grabar and Marrack (1960). This concept \\, as supported IJy
our second report, in which some batches of HL-antisera contained lion-neutral-
Izng but precipitating antibodies together witlT neutralizing antil>odies (Shinka
81 at. , 1962). This problem is discussed again below in relatioiT to the heterogeneity
of the neutralizing antibodies.

The Iteterogeneity in specificity of the neutralizing antibodies of HL-antiserum
was described in our first report (Fuji0 81n!., 1959). Further extensive studies \\, ere
made on this subject. At first we could not understand our results from absorption
experiments. For. instance, in the case of the pooled HL-antiserum, the HL
neutralizing antibodies were classified into three fractions, among which CHD (31
per cent) and AHD (16 per cent) were capable of cross neutralizing DL, and BH (53
per cent) was specific for HL. If the neutralizing powers of AHD and CHD antil>ody
molecules are assumed to be equal, the ratio of the concentrations of CHD and AHD
of DL-neutralizing antibodies must be 2 : I . However, the results \\, ere not in gooa
accord \-vith this. If HL-antiserum was first absorbed Iiy DLME, the only neutral-
Izing antibodies for' DL remaining should be AHD, IJecause BH was incapable of
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neutralizing DL. If the antiserum was first absorbed by HLME again, only AHD
should remain. In the former case 45 per cent remained and 23 per cent \\, as
uriabsorbed in the latter case. This discrepancy \\, as too great to be due to ex-
perlmental error, and no reasonable explanation could be found for it. The
results of absorptioiT experiments witl\ HL-antiserum from a Tai, bit (LF-32) threw
light on this puzzling problem. \\Ihen the antiseruin was absorbed with DLME,
there was no loss of HL-neutralIzino antibodies but 51 per cent of DL-neutralIzinu
antibodies \\, ere lost. At this time, the presence of non-neutralizino' antibodies
had alreadyl>een demonstrated in some batches of HL-antisera (Shinka at a/., 1962),
and itence the 51 per cent of antibodies neutral miner only DL produced by the
antigen stimulatioiT of HL, must be regarded as HL-non-neutral121no antibodies.
If the pooled HL-antisera contained HL~non-neutralizing antibodies, the clis-
CTepancy between 45 and 23 per cent can IJe explained by the presence of another
fraction (ED), WITich could only neutralize DL and was produced by HL.

This substantial evidence for. the presence of antibodies which arc only cross-
neutralizing and do not neutralize hornologous antigen, is very important in con-
sidering the structure of HL and DL. It sug, 'ests that the active centre of DL is
located in the neighbourhood of the antlerenic site ITomolo, 'ous to suclt an antil)od},
while the active centre of HL is not.

The antigenic valency of HL can be regarded as four froin the molar^. ajio at
the extreme antibody excess point. However, considering the results on the
heterogeneity of HL antilJodies \\, e are forced to conclude that pooled HL-antisera
contained at least six kinds of antibodies of different specificities, becausc fraction
AHD contained only one kind (AHD did ITot give a I>recipitate \\, ith I{L), fraction
CHD Contained at least two kinds (CHD was precipitatcd witl) DLi\{E), fra. ction BH
consisted of at ICast two kinds (Bj{ gave a precipitate witlT HL), ED contained at
least onc kind, and, in addition, the pooled sera may contain non-neutralIzinu
antibodies. Consequently there is a discrcpancy ITere, if results are interpretcd I)y
the lattice theory and different specificities are postulatecl for. eacll antioenic site
on the HL molectile. However, this discrepancy nlay I)e accounted for. by assum-
intr that six different antibody nTolecules can not all combine with a sinole HL
molecule because of mutual steric hindrance, so that some of them are forced to

combine \\, itIT another molecule. SuclT a possibility is conceivable, IJecause the
molecular' \\, eight of Iysozymes is very small (14,500) \\, hen compared to that of
rabbit antil, ody (160,000). In addition the ILeterooeneity of the Iysozyme mole-
CUIes must be considered, because the hens and ducks used \\, ere ITot from pure
stocks. As genetic allotypcs have been found in human and rabbit y-o10bulin
(G"ul, b, 1956; 0udin, 1960), ill^I, ". ball, that g, n. ti. ,11. typus of by, "yin, ,xist
in hens and ducks. This subject requires further study.
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