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SUMMARY 

Two polypeptides were isolated after the digestion of HL by pepsin at pH 1.62. These polypep­
tides were capable of inhibiting the precipitin reaction of some batches of HL antisera with I-IL but 
incapable of inhibiting the neutralization ofHL by antibodies. The possibility, that the polypeptides 
were derived from some minor contaminants, was cxcluclccl by demonstrating the homogeneity of the 
antigen-antibody system by the gel diffusion test and by the recovery of active I-IL from neutralized 
precipitates but not from supernatants. 

The presence of HL-non-neutralizing antibodies in HL antiserum was essentially proved by 
demonstrating an enzymatically active HL-antibody complex by gel filtration experiments with 
Sephadex G-75, G-200 and also by its ultracentrifugal separation in a linear sucrose density gradient 
using a swinging-bucket type rotor. 

Suggestive evidence was obtained for the presencec of an antibody-like globulin oflower molecular 
weight 7S antibody which form an active complex with I-IL in HL antiserum. 

INTRODUCTION 

As lysozyme is the lowest molecular weight antigenic enzyme protein and 
consists of a single polypeptide chain (Fraenkel-Conrat, 1951), it is the most suitable 
for chemical analysis of protein structure as well as for immunochemical analysis 
of the determinant groups in its protein. For the latter study, results of the former 
analysis are necessary. In this point, lysozyme is the most suitable for immuno­
chemical studies on its antigenic structure, because the amino acid sequence of hen 
egg white lysozyme had been studied by Jolles and Fromageot (1958) and almost 
all the sequence has recently been clarified by Jolles (1961). Therefore immuno­
chemical analysis of this enzyme has been studied in this laboratory (Fujio et al., 
1959) and comparative studies have been made on lysozyme (HL) and lysozyme 
methyl ester (HLME), whose "enzymoid" nature was reported by Frieden (1956). 

The following abbreviations are used in this report: hen egg white lysozymc (I-IL), methyl ester 
of I-IL (HLME), polyglutamatc of B. arzthracis (GPP) 
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Tt has been found that HL antiserum contains two kinds of specific neutralizing
antibodies as well as precipitins.

Further attempts were made to isolate polypeptides split from HL which were
capable of inhibiting corresponding neutralizing antibodies. However, neither
treatment with pepsin nor trypsiiT resulted in the appearance of such polypeptides.
In the course of this studies, it was found that pepsin digestion under certain con-
ditions trave two polypeptide fractions, which inhibited the precipitin reaction of
some batches of HL aiTtisera but not at all the neutralization phenomena. As
antisera were prepared by Immunizing rabbits with a purified preparation of HL
together \\, ith incomplete Freund's adj\Ivant and it was shown that immunization
with Freund's adjuvant stimulates antibody formation against contaminants in
the antitren preparation (Kabat, 1958), attempts were made to demonstrate the
presence of non-neutralizing and precipitating antibodies in some batches of HL

The present report is on the presence of a non-neuti. allzing, but precipi-antisera.

antibodies and, in addition, an antibody-like globulin of low moleciJlartating

weight capable of combining with HL without causiiig its neutralization.
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I. Hen egg ichi!e tyro<ring

HL was prepared as described in our first report (Fujio at a!., 1959)
2. HL an1:5er"

The immunization schedule and the preparation of the antigen in incomplete Freund's adjuvant
The batch numbers o11he antisera usedin this study were LF-13,were described in our first report

LF-16, LF-18, LF-19 and SK-2. The total precipitable protein N at the equivalence point and the
amounts of HL giving this point in each batch are listed in Table I

MATERIALS AND A, IETHODS

Table I. Total Precipifoble Protein N of Equivalence Point and Amount of
HL giving this Point with Each HL-Antiserum

HL-antiserum

LF. 13
LF-16

LF. 18

LF-19

SK-2

After inactivation at 56'C for 30 nTin. , serum Iysozyme was removed, when necessary, by gel
filtration through a column of Sephadex G-75, a sieve for molecules or less than 40,000 molecular
weight, equilibrated \\, ith saline containing M150 phosphate buffer at pH 6.0. At this pH the associa-
tion of Iysozyme with serum proteins andiis adsorption to Sephadex particles coulclbe avoided. The
antisera was adjusted to its original volume by adding an appropriate amount or tlry Sephadex G-25
particles (molecular sieve for molecules of less than 3,500 - 4,500 molecular weight)

Total PPI protein

HL-Drillserum

"gN
355

626

240

470

900

I . O in I

HL added

119N
20

37

13

27

53



3. CoJiani"e pepJj"

Difco pepsin \\. as purified in crystalline form according to the method or \orthrop (1930) and
recrystallized twice

+ qwa, !!fin!i, e preci:!bill, I It ac!ion

The pi'ocedures were carried out as described by Heidelbergcr and Kenda11 (1935) The

an 11gen nitrogeiT and precipitatecl antibody nilrogcil were delcrmined by a modified direct \CSSleri-
zatio:t methocl (Yokoi and Akashi, 1955) . The pH of 111e mixture or antigcn and antiserum was adjust
10 6.0 in all experimcnis. The maximum precipitated protein \ was the same as when ex erimcnts
were carried out at pH 7.0

5. Dir, c! JV, Jf!eriea!ion Joy deleri, 11na!ion @111'Din, ! 1111ro"e"

The procedure Liscd \\, as essentially as describccl by Yokoiand Akashi. The standarcl CLIrve made
bv this inoclificdincihod waslincar up to 120 Itg \. The experimental CTror wasin Ihc ran c or 2.0
Jig \

6. Delei"!!"aimn of !y$0<1, "" act, "10

Two methods \\, ere used in this study
i) Turbidity method

The J\I. bundeik!icus suspension usecl as substrate was prcparcd as ticscribcd by Sinolclis and
Hattsd1 (1949). Tile bactcrialsuspension was maclcin saline buffercclwith Nil15 phosphate buffer,
pH 6.0, at a conceniraiioiT of 1.4 ing of iyophilizcd cells per in I ancl was homogenized. A standard
cur\, e For'Iysozyme activity was obtained as follows. Two inI or prewarmcd pilDSPhaie buffercclsalinc
containing varying amounts or Iysozyme were mixed with 2.0 inI orprcwarmcd badcrialsuspension,
and the mixtures \\, ere incubated at 37'C For 5 nTinuics. The turbidity was estimated in a BCCkman
SPCctrophotomcter at 540 in" and the rcduciion in itIthidity PIOitcd against the conccntraiion or
Iysozymc

it) Capillary me!frod
Wlicn a very small amount o15amplc was to be assayed, this capillary methocl designatecl, as the

micromcthod, \\, as used. The bacterial suspcnsioiT was made in saline containing Nil15 PITos natc
buffer, pH 6.0 at a conceiTtraiion or 9 ing city cells per inI and was homogenized. To uric \ OILimc
or tlTc bacterial suspension were added 10 volumes or melted sort agar (0.67 pm cent in saline coi, lain-
ing Mj15 phosphate buffer at pH6.0) and the mixture was stirred thorougllIy at 50'C. Glass capillaries
(0.7 mm inner diameter) were filled willT the mixture and then cut into about 5 cm ICngihs. \NIIcn
cool one lip or caclt capillary was scaled. The open tip of the capillary was irisericd in10 the test
sample and incubatecl at 37'C For 17 hours. The Iengtlt of the transparcnt zone was measurecl
TITis assay method cnablecl Lis to CStinTatc Iysozymc in two clrops orstandard sample containing nom
0.01 to 0.3 11g N per inI

7. Ge!!mr"!ion

For the scparaiioit of 13roicins or different ntolectila^ weight, gel filtration at 4'C was employed.
For. this putposc a column of Sephadcx G-75 or G-200 (Pharmacia) was tiscd. In this expcrimcnt
Sephadcx particles were welled with saline containing Nil50 phosphate I)uricr, pH 6.0, and clutcd
with the same bufferccl saline
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8. Coll, err!,'all'on of prolei, ! '01/11ion by Scphnde\ G-25

,\n appropriate amount or dry Seplladcx G-25 was adclcd to the protein solution to be conccn.
ITatcd. The particles were separated o11 a glass filter

9. Poly"!"!"male(A-GPP) of B. an!frynri'J and ., I-GPF drill'$e, 111n

These materials \\, ere supplied by Dr. Utsumi or 11Tis laboratory, , who Lisccl the same baichcs of
ntaterisls in I, is study (Utsumi at a!., 1959)
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10. Boaine ,erum '16/1mi" drillseriJm

Immunization of rabbits to bo\, me scrum albumin (Armour, powder) was accomplished in t e
same way as \\, ith HL

I I . Gel darnsio" experime"!

Ouchterlony's method (1949) was employed.

12 . Oilyace"try"galio"

Ultracentrifugal analysis were performed in a Hitachi Niodel UCA-I ultracentrifuge and su -
stances with clifferent sedimentation constants were separated in a linear sucrose ensity gra Ien
in a Hitachi A/Dde140P ultracentrifuge with a s\\, inging-bucket type rotor

RESUl, TS

I. Ifo!anoil of 1017/4/1ideJ cohtt/! inhibited piecjpi!rin0?I 4181' 1411/6 digeJ/ion of HL
A purified preparation of HL was digested by pepsin at pH 1.62 and the split

polypeptides were separated from intact HL by chromatography o11 IRC-50 (XF, -
64) ion-eXchange resin at pH 7.18. The polypeptide fraction was Techromato-
graphed at pH 6.6 and two fractions (Fr. I and Fr. '2) were on tamed.
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Fig. I. Column Chromatography of Untreated HL
IRC-50 IXE-641, I. 5 x 30 cm column. M/5 P-buffer, pH 7.18, 25' C
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Fig. 2. Column Chromatography of Pepsin-digested HL
IRC-50 IXE-641. 9I 32 cm column, M/5 P-buffer, pH 7.18,25'C
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Pepsiil (DIFco) was obtainc, I 11T crystaljinc font, aitcl recrystallizcd according 10 the inclhocl or
\oriltrop. 186+ IP. U. l cas. ,275, y-Tyr. orcrysiallinc PCI, sii, in a \. o1ume or 3.58 in I at pH I. 62 (atIjListcd
\\. ith 0.1 \ HCl) \\CTC added to 347 nT! o, 128 PUT cent HL solution at pH 1.62 (adjusted willL 0.1 \
HCl) anti lite n\IxiLirc was illcubaiccl at 40'C 101 I Ilour. Tlic pH was atbyIsled 10 7.0 alla Ihc mixiurc
ccniriftigccl at 3,000 rpin for' 20 min. 'rite superITaiant \\ as applied 10 a column (9 \ 32 cni) of IRC-
50 (XE-G+) cquilibratctl willl \. 115 phosphate burrci, pH 7.18, saltiraicd \\ illl Ihym01. 11 \\ as elutcd
\\illl Ihc sanicliulTcr at 25'C. Tllc protCiit andj, o1vpcpticlcs \\'CTC incasurccl\\'illT Foiliircauciii. Fig
I SITU\vs a cllminaiogram or Lintrcaiccl }IL anti Fig. 25110\\. s Ihc 1.01\, pupildc fraction separalcc1 1101,1
in tact fll, . Tl, is tractioiT was dcsaliccl according to the menlncl or DIXoiT (1959) : glacial acc!IC acid
was addcc1 10 111c sample 105 per ccilI and the solution was appliccl to a column (3 \ 20 cm) or IRC-
50 (CG-50) cquilil, TalcclwillT 0.1 \ acciic acid. Tllc IJllDSPllatc burrcr \\. as reino\'ccl by, chilioil or
111c coltimiT \\'illT 01 \ acctic acid LintiliTo sodiuittion \\'as tictccictl by Ihc namc reaction. ,\usui'bed
polypcptidcs wetc cltitccl will} 0.4 \. I aminoiiiuin carbonaic burr", pH 9.0. Fractioi, .-\ coniaiiiii, g
Do Ivpcptidcs \vas iyophilizcc1 10 rumovc ammonium carbonatc

The I'Dlypcptidcs \\, ere Techromatographcd on a similar columil cquilil)rated
will\ NII5 phosphate bullcr, pH 6.6, saltirated \vitll thymol and eluted willT the
same I, uff'er. T\-\, o fractions \vet. e obtaincd, as sho\\, IT in Fig. 3. These fraciions

were also desalted and Iyophilizcd. Seventy sevciT nT^ of Fr. I anc1305 rug of Fr. 2
\VCre o1Jtained

\0\-\EUTR, \LIZl\G r\\TIBODY OF LYSOZY\IE r\\TISERU\-I
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2. 11th16/10/7 41ec/ of FiT. I inId 2 nil Ih, 11', ripi/ill ICnc/1011

The polypcptides thus obtained 11th initccl the I>I'ecipitin reaction of some nut
not all natches of HL antiseruin witl\ hornologous antigciT HL.

I-U, antiscrunt I, atcl, I. F- 16 \\ as Lisccl anti 7.311g \ orHL \\ as cqui\. alciit to 0.2 in I or 11Tc aiT!iserum
\-'at ving amounts (15.30,60,120 11g \) or Fr. I or Fr. 2 in 1.0 ittl orsaliilc colttaiiting All50 phDspllate
btiller, pH 6.0, were acidccl to tubes coniaining 0.4 itTl of I :2 nilutioil or lite ai, 115crum. Tile tubes
\\etc set tip in titiplicatc (,\ and B scrics) for' caclt polypcptides Itaciion. ,\s a control, a Iul, c was 5.1
\IIJ containing 1.0 nTl or bufferccl saline in IJlacc o11he polypcpiiclcs solutioit

.\11 11, c tubcs were incul, alecl at 37'C Ibr 30 111ill. anti allcr 30 ntiiT. all wetc qtiiic clear. Then
0.5 n, I ajiqtiots or btifTcrccl saliilc, cuntaiitiilg 7.3 11g \ or Hl, . \Tclc addcc1 10 Ihc ItIbcs in surics ,\ and
also to Ihc conirol Iube. To Ihc itIbes in sencs B 0.5 ntl allquots or burrcicd salinc were addcd. r\11
Ihc tubcs were again inculiaiccl at 37'C For' I Ilour antl Ihcil at +'C for' 481TouTs. Tllc amount or
pro1Ciil Drccipitatc \\. as CSiimaicd. Tllc rcsulis at'c SITowit in Fig. +. ,\s lite tubes in sencs B orFrs. I

rr. I

Fr ?

Fig. 3. Rechromofography of Fraction A of Fig. 2

IRC-50 IXE-641^ 9132 cm column. M, '5 P-buffer, pH 6.6,25'C
Froclion size, 30 in I; role of eluiion. 180 in I per hour

50

TubE N,

100



SHINKA, IMAXISHl, KU\\;AHARA, FUJIO AND AMANO

and 2 were quite clear and no significant precipitate was found, these results are not included in Fig. 4
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Fig. 4. Inhibition of Specific Precipitation in a System Containing HL and
Anti-HL Serum by Two Polypepfide Frocfions

HL. 73 1:9 N
Anti-HL Serum, 0.2 inI

ILF-161

As can be seen in Fig. 4, Fr. 2 inhibited the precipitiiT reaction strongly and
the itlaximal inhibition caused I, y the two fractions was about 40 per cent. As
neither fraction gave a precipitate, they could be regarded to be univalent.

Table 2. Inhibition of Precipitation in a System Containing B. onIhrocis GP. P.
and lis Homologous Antiserum by Two Fractions of Polypepfides

z 20
e

o

F r. 2

F r. I

Fr. I 160 119N/0.5 in11

Fr. 2160 "gN/0.5 in 11
Buffered Saline in I

An Ii GP. P. Serum in I

.-----

120

GP. P. 1100"91mllinI
Buffered Saline in I

05 inI

2

Total PPI 119N

0.5

0.5 in I

3

Tube No

0.5

0.5

4

Incuboled o137'C for 30 min

0.5

0.5

Incubated o137'C for I hr. and o1 4'C for 48 hrs

0.5 in I

0.5

121.4

5

0.5

^

0.5

05 in I

114.0

6

0.5 I

O. 5 in I

0.5

117.0

7

0.5

0.5 in I

0.5

0.5

8

5.5

0.5

6.1 I 6.0

0.5

0.5

0.5

0.5

6.2 70



NON-NEUTRALIZING ANTIBODY OF LYSOZYME ANTISERU}.{

To demonstrate the specificity of the inhilJitory effect of the two polypeptide
fractions, the inhibitory effect was studied in the system composed of polygluta-
mate (GPF) of B. anIhi. aci$ and its hoinolooous antiserum.

The amount or antigen at the equivalence point was 50 11g per 0.5 inI of the antiserum. Sixty
Ag N or each fraction in 0.5 inI orbulTcred saline were added to two Iubes containing 0.5 inI or GPF

After 30 ntin. incubation at 37'C, 50 Itg or GPF in 0.5 in I of buffered saline were addedantisertiin

to the tubes. The tubes were incubated at 37'C for I hour and Ihcn at 4'C for 48 hours. The precipi-
tatcd protein N was estimated. The results are shown in Table 2

As shown in Table 2, no significant inhibition was obsei. ved. From this fact
it can be assumed that these polypeptides are specific univalent inhibitors for HL.
Frieden (1956) described the competitive inhibition of HL by its inactive
methylated derivative. Therefore thc competitive inhib, lion of the two poly-
peptides against Hl, was studied. It was found that they exhibited no competitive
inhibition.

3. Tft? ith!6110/7 4/3c! of Ih? polypg/111deInclionr oil Ihenew/lancing ac/iai4y of batch LF-
16 of HL drillre, "in

Varying amounts (75.15,30 and 60 "g N) or caclt polypcpticlc fraction in 0.5 inI or buffered
saline, were addccl to tubes coniaining 1.0 inI or I :20 dilution or Ihc antiscrum. A control tube was

Table 3. Specific inhibition of the Neutralizing Activity of HL Antiserum
by Two Polypeplide Francfions

Fr. I

49N in 0.5 in1'

,ugN in 0.5 in I
Buffered Saline

HL-Antiserum ,

^-------

187

LF-16
11.20 diluledi :

inI

2

15

3

30

4

HL

119Ni" 0.5mll

60

5

Tube No

Cell Suspen-
inISIOn

Buffered Saline^
inI

Turbidity

HL Activity
I - 0. D. I

6

1.0

7.5

7

15

3.65

8

incubated o137'C for 30 min

30

^ ^2.0

0581 0582 0595 0592i 0590 0575 0598 0595 0013 0012

0150 0149 0136 0139! 0141 0156 0133 0136:

3.65 I 365
Incubated o1 37'C I or I hr. and o14'C for 24 hrs.

9

60

60

2.0

" I

1.0

11

60

12

3.65

13

1.0

0.5

2.0

1.0

^ 2.0

2.0

- 0-

0598 0010 0731

I2.0

0.133 - ; O
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also included, in which the polypeptide solution was replaced by buffered saline. All the tubes were
incubated at 37 C for 30 min. and 365 14g N of HL in 0.5 in I of buffered saline were added to them
all. An amount of Iysozyme was added corresponding to twice the equivalence point. After incu.
bation at 37 C for I hour and at 4 C for 24 hours, 2.0 inI aliquots of M. !y30deiktic"$ suspension were
added to prewarmed tubes at 37 C and the tubes were further incubated at 37 C for 5 min. The opti-
cal density was read in a Beckman spectrophotometer at 540 in". The results are shown in Table 3.

As can be seen the decrease in optical density due to urineutralized HL was
the same in the control and the experimental tubes. Similar results were obtained
with two other batches of HL antiserum (LF-19 and -6) which were also inhibited
by both polypeptides in the precipitin reaction. Therefore neither polypeptide
contained an antigenic site corresponding to the neutralizing antibodies.

4. Prec;!jinn reaction on Ouchterlo, !? plates

Since Frs. I and 2 did not block the neutralizing antibodies for HL, it was
possible that they were derived from minor contaminants. This is readily con-
ceivable, because antisera prepared by jinmunizing rabbits with an antigen dissolved
in Freund's adjuvant contains frequently antibodies to contaminating minor
antigens. To test this possibility, it was desirable to study the precipitin reaction
of HL with batch LF-16 of HL antiserum by the agar diffusion technique to deter-

mine whether detectable amounts of impurities were present.
As both Frs. I and 2 inhibited at maximum about 40 per cent of the precipitin

reaction at the equivalence point and the yield of Fr. 2 was about 10 per cent of the
HL digested, the amount of HL added in this experiment corresponded to the
equivalence (well I) and to ten times the equivalence (well2). As can be seen in
Fig. 5, only a single precipitation line was detectable. In addition, HL gave a
singleline when the other two batches (LF-19 and -6) were tested. In these batches
precipitin reactions with HL were also inhibited by both Fr. I and Fr. 2. There-
fore these antisera contained precipitins for a single antigen.

188

3701/9N/in I
0.2ml O o ,,^,^^"^

""I 0.2 in IHL- antiserum I IF - 161

Recooerj! of HL from the neutralized precj^it@tar

In the above experiment, batch LF-16 of HL antiserum was shown to contain
cipitins for a single antigen. However, it was possible that the precipitins were

Fig. 5. Gel-diffusion of HL grid Anti-HL Serum

0.2in I
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produced by a contaminant and that the neutralizing -antil, odies for HL present

were non-precipitating. If so, the above results could easily I>e explained. To
test this possibility attempts were made to denature the neutralizing antibodies
leaving the HL intact and tests were made to see whether the HL \\, as resent in
the super natant of the precipitin reaction or in the precipitate. Heatiil the
mixture at 100'C for. 15 min. at pH 3.0 completely denatured antibodies in a 1:20
dilution of normal rabbit serum and this treatment destroyed onI 20 er cent f
the HL activity. Precipitin reactions were performed at the e uivaleiice o' t
and at three-fifths of the equivalence point. In IJoth tulJes HL was coin let I
neutralized.

The HL antiserum used in 11/15 experiment was from batch LF-19, \vhicll beha ed ' h
way as batch LF-16 willl Frs. I a. rid 2. \;arying amQUITis (32.5 and 50 Ag N) of HL in 2.5 inI of
saline containing NII50 phDspl, ate buffer, pH 6.0, \VCre atIded to tubes containing 2.5 rill of 111is

Two control ILibes were also iiTcluded, in \vhicli Ihc antisertinT was I. e laced bv no .in Iantiserum

rabbit serum. The normal rabbit serum Lised in this study ITad previousl been asscd 11 h
a column of Sephadex G-75 in buffcrcd saline, pH 6.0, to remove sertim I soz me. The I b , ..
incubated at 37'C for I ITour and at 4'C tm. 7 days. rVter centrifugation, each rcci it ale a
pelTded in 4.0 nTl or a I :20 dilutioil or normal rabbit serunt buffered at PI{ 3.0 \\, ith acetic a d.
The pH or the supernatants and two control tubes was also adjusted to 30 with ac I'
acid. *\11 the tubes were again incubated at 4'C for. 7 days. I\IthouglT a small ortion I 11
suspendccl precipitates dicl not dissolve, all the tubes \VCre healed at 100'C for 15 min. Then tit
pH \\, as aclJustcd to 6.0 anti the mixiLirc were ccilitiruged. The activity of the recovered Hl. was
estimatcd. In control tubes thc recoveries orHL activity \\, CTe 95 per cent of 504g N anti 79 >CT cent
of 32.5 11g I. ;. Thcrcfore, the recoveries in expcrimental tubes were correctsd b multi I ,ii, Ih ' .
activities by 110.95 ant1 110.79, respcctivcly. The expcrimciltallJroceduics and results arc sho
Fig. 6
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Fig. 6. Recovery of HL Activity from Precipitates and Supernotanfs of Equivelence
and an Antibody Excess Points (HL-Anti-HL Serum System)

Precipil. Ie Super notanl

suspended in buHer
V

adjusted to pH 3. O

incubated o1 4'C for 7 days

boiled o1 100'C for 15 min

adjusted 10 pH 6.0

Eslimoiion of HL activity

Ab. excess

88.34

Recovery from PPI

Eq. point

V

72.7%

Recovery from Supernoi

Ab. excess Eq. PCini

0.0 o01
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As shown in Fig. 6.73 and 88 per cellt of the HL activities were recovered from
There-the two precipitates and no activity was recovered from either super natant.

fore neutralized HL was precipitated. Thus the singlc precipitation line seen
between HL and HL antiserum of IJatch LF-16 o1T the Ouchterlony plate must be

These results show moreover that Frs. I andformed by HL and its antibodies.
2 inhibited the precipitin reaction of HL and not of a contaminant.

6. 03mJ;!,!I'ajioii of lion-1181/11'it lienig all!ibodteJ 101' HL

The results described above suggest the presence of non-neutralizing pre-
cipitins for. HL in batches LF-16 and LF-19 of HL antiserum. If these really
exist, it is conceivalile that enzymatically active HL-antibody complexes aie present
in the supernatant in the zone of extreme antigen excess. To prove this, the sripei-
natarit of the precipitiiT reaction at the extreme of antigen excess was passed through
a colam, I of Sep tradex G-75 equilibrated \\, ith saline containing M150 phosphate
buffer, pH 6.0, a pH at which there was no interaction of HL \-vith Sephaclex
particles or association of HL with normal serum I, roteins.

536 14g N of HL in 8.9 inI or PItosphate buffer, pH 5.65, (/I - 0.15) \\, ere added to a tube coniain-
ing 4.5 inI or batch LF-13 HL antiserum, in \\, hiclT the precipitin reaction was also at maximui, t in li-
bited about 40 per cent by Frs. I aiTc12. The amount or HL added corresponded to 6limes the
equivalence point. Tite p}101 the IT. Ixture was 6.0. After incubation at 37 C for. litour and at 4 C or
3 days, tlle tube was centrifuged. T\\, elve inI or the supernatant \\. ere passed through a column
(3 x 104 cm) or Sephadex G-75 equilibratccl willT saline containing NI, 50 phosphate buffer, pH 6.0.
A, laterial was elutcd with the same buffercd saline. TITe eluate was collectecl in 10 inI ITacLion*.
Their protein contents and HL activities were estimated
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Column: 3x104 cm, M/50 P-buffered saline. pH 6.0,5-10'C
Fraction volume, 10 in I; role of elulion, 60 in I per hour

As shown in Flu. 7, HL activity was found in two fractions. Fr. I was found
at Ihe end of the void volume of the column together \\, ith serum proteins. Fr. 2
was found at the end of the inner volume of the column and this fraction contained

free, tinneutralized HL. A control experiment \\, as performed \\, ith ITormal rabbit
serum in I>lace of HL antiseruin and no HL activity was found in the position of
Fr. I, as shown in Fir. 8. Thcse facts indicate that the activity found in Fr. I was
due to aiT active HL-antiboby complex. However it \\, as possible that HL was
dissociated from neutralized complexes Iiy a shift in chemical equilibrium caused
by the removal of free HL. If so, there would I)e no peak of HL activit in the
first fraction. To test this possilJility Fr. I \\, as concentrated IJy adding dry Se -
hadex G-25 particles and the mixture was then filtered throu, 'h a alass. filter and
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rechromatographed. At pH 6.0, HL was not adsorbed by Sephadex G-25 particles.
A portion of the concentrated Fr. I \\, as chromatographed on a column (1.5 x 48
cm) in buffered saline at pH 6.0. The results are shown in Fig. 9. Again, the
first fraction showed a peak of HL activity and the peak of the second fraction was
lower than that of Fr. I of the first run. Therefore enzymatically active HL-
antibody complex was present in the super natant and this antibody was definitely
a non-neutralizing antibody.

7. Unit, grill'/"gal JIMofier o11 the e"<7ma!ical!y acti, e complexe$

To rec, nam this, ultracentrifutral studies were made of Fr. I after concen-
tration as described above. A Hitachi model40P ultracentrifuge with a swing-
ing-bucket type rotor was used.

A linear gradient of sucrose density in saline buffered with NII50 phosphate at pH 6.0 (from
20 to 5 per cent) was made in a tube (total volume 4.2 inI) and 0.2 inI of concentrated Fr. I was over-
layed on linearly varying sucrose concentration from 4 to O per cent (total\, o1ume 0.4 inI). As con-
trois, 0.2 inI of a mixture of normal rabbit serum and HL, and 0.2 inI of HL were overlayed on two
other tubes. The centrifuge was rotated at 38,000 rpm for 18.5 hotirs at 4'C. After centrifugation,
a pin hole was made at the bottom of each tube and 2 drops or the contents were put into other
tubes. The HL activity was estimated by the capillarly method as described in MethodJ. After esti-
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Ination, 2.5 n, I of saline bufferecl with NII50 phosphate buffer, pH 6.0, were added to the tubes and
the protein conceiitraiion was estimatecl in a Beckman specirophotometer at 280 inn. The results
are shown in Fig. 10A, B anti C.

Fig. 10A shows three protein peaks. The slowest moving component \-vas
shown to be free HL when referred to the results shown in Fig. 10B and C. HL
activity was found in both serum protein fractions shown in Flu. 10A. To identify
the serum proteins, the following experiment was performed. Normal rabbit
serum was fraction ated with ammonium sulfate, and the globulin was I>recipiteted
at 113 saturation and the albumin between 112 to 314 saturation. The albumin
fraction was purified further by zone electrophoresis to remove traces of globulin.
Using these serum proteiiT fractions, ultracentrifugal studies were made under the
conditions described above. The results are shown in Fig. I IA, B and C. The
fast moving component and the slower moving component were shown to be
globulin and albumin, respectively. The positions of the two serum proteins in
Fig. 10A are superimposable with those in Flu. 11. Thus the o10bulin and albumin
fractions in Fig. 10A contained HL activity. As shown in Fig. 10B, no HL activity
was detccted in globulin or albumin fractions of normal serum, so the HL activit
fround in the globulin of antiserum can be redarded as an enzymatically active
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complex, because the molecular weight of HL is very small (14,500). Ho\\, ever,
the reason why the albumin fraction had HL activity could not be explained.

To study this, batch LF-18 of HL antiserum of the same character was frac-
tionated with ammonium sulfate in the same way as normal rabbit serum. The
same excess of HL was added to tubes containing globulin and albumin. After
incubation at 37'C for I hour and at 4'C for. 2 days samples were centrifuged and
the supernatants passed through a Sephadex G-75 column in buffered saline, pH
6.0. As shown in Fig. 12A and B, ari active complex was found in the globulin
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fraction, but not in the albumin fraction. The globulin fraction \\, ith HL activity
was concentrated, as descril)ed above, and analyzed by ultracentrifuoation. The

results are shown in Flu. 13A anCIE. Fi0.13A shows that HL activity appeared in
+ peaks. The fourth peal< was SITown to be free HL. The second peak was
superimposed on the o10bulin fraction. The first peak of HL activity corresponded
to the position of macroglobulin, calculated according to the method of Nomura,
Hall and Spieo'elman (1960). Ho\-vever it is not yet known whether HL was
bound to the macroolobulin (19S) or whether the HL \\, as still active in a coinj, Iex
\vith 6 molecules of 7S-antil, ody. The third peak was slightly slowcr than all>uruin,
the peak of \-vhich could not be detected. A non-neutral trillu antiliody of smaller
molecular wei. 'ht than 7S may therefore have lieen present.

A1 HL and An11-HL EUglobulin System - O D o1 280m/I,
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HL and EUglobulin of HL-Antiserum

8. G, /11/1'ajioi! of Ihe sol"bl, co!rill, x Ihi. o11g/! 84ihddex G-200

Sephadex G-200, \vlTich is a molecular sievc for. molecules of less than an out
200,000 molecular weight \-vas used for. the analysis of active HL-antil, ody, coin-
pexes. Sephadex column (1.5 x 106 cm) separated IJroteins of varying molecular
\veights of less than 200,000 \, ery cfTectively

The soluble cumplcx was obtainccl at Ihc ai111gcit excess IJoint \vhcil 6limes the amouilI of HL
corresponding to the cqui\, alencc point or batcll SK-2 of HL aitiiscrum, \\, as added. \\Jinl batch SK-
2Ihe precipiiin reaction \\, illl HL was also inhibitccl by 11tc polypcptidcs. The supernatant (2.0 inI)
was filterecl Ihroutrh a coltimn or Sephadcx G-75 (1.5 x 52 cm) to scparate ITcc Iysozymc. The
scrum pro1Ciil ITactioiis wetc colicctetl aitd conccntraicd by, adding city SeplTaclcx G-25 particles aild
theit filler CLI 111YouglT a glass filter. Tile conceittraiccl ITtateria1 (2.0 n, I) was filtered 111Tougll Ihc
columi, or Scphaclex G-200. XIaterial was cluiccl \\. illt saliiTc coniaining Nil50 pilOSphatc buffcr, pH
6.0. Tile results arc shown in Fig. 14
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Fig. 14. Gel-filtration with Sephadex G-200 of Antigen Excess Super natonf (HL~SK-2 System)

Column^ I. 5 x I 06 cm, MISO P-buffered saline. pH 6.0, 5 ' C
Fraction volume, 3.3 inI; role of eluiion, 3.3 inI per hour

The first protein peak hacl previously been shown to contain the 19S coin-
ponent ii\ addition to larger serum proteins and complexes with molecular weights
of over 200,000, and the third and fourth peaks \\, ere also shown lay ultracentri-
fugation to IJe glol, unn (7S) and albumin (+. 2S). The second peal< was assumcd
to be an antigen-antibody complex with a molecular \\, eight of between 160,000
and 200,000. The Iysozyme activity found in this fraction can be regarded as tlie
active complex. The Iysozyme activity in the peak super imposable \\, ith. albumin
clearly demonstrates the presence of an active complex of annost the same size as
the albumiiT molecule.

As a control, a heterologous rabbit antiseruin (aliti-(bovine serum alliumin))
was mixed witll the same amount of Hl" and filtered directly through a similar
sized Sephadex G-200 column. It was Gluted with the same buffered saline (pH
60) . NO Iysozyme activity was found in any serum protein fraction, as cal} be
seen in Fig. 15.

The experiment was repeated using a column equilibrated with saline con-
taining Mj50 phosphate buffer, pH 6.5, eluted with the same buffered saline. In
this case also no Iysozyme activity could I)e seen in any serum protein fraction.
If the small sized non-neutralizing antibody was really present iil HL antiserum,
it seemed also possil>Ie that the small sized neutralizing antibody could be
demonstrated. To study this possibility, batch LF-18 of HL antiserum, \\, hich
had an active complex \\, hich was the same size as albumin, was passed dii. ectly
through a Sephadex G-200 column of the same size, at pH 6.0. The neutralizing
activity aaainst HL was measured in each fractio!I of Ginate. As shown in Fig. 16,
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tlTe neutralizing activity was found only in the 7S dohulin fraction. Therefoie,
it was necessary to see whether the active complex of small molecular weiglit was
really a complex of HL with a frao'merit of ITon-neutralizing antibody.
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I 1:9 N HL in 20 in I of MISO P-buffered saline was added each Iube o1 effluent. After the tubes had
been incuboled for I hour o, 37'C. and overnight o14'C, the Iylic acliviiies of Ihe contenls were eslimoted
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Since the HL preparation gave a single precipitation line against hornologous
antiserum, the preparation could be regarded jinmunologically homogeneous, it
HL \\, as precipitcd by antiserum. If HL \\, ere not precipited, the precipitation
line must be due to an antigen whiclT was irumunologically distinct from HL.
The polypeptides o1)tained by digesting the HL preparation \\, Ith I>epsin at pH
1.62, could easily have been sho\\, n to be derived froin HL, if they had inhil)ited
the neutralization of HL by hornologous antiserum. However, they only Inhibited
the precipitin reaction of some I}atches of HL antisera and did not inhibit neutralI-
zation. Therefore, it could not IJe showiT directly that they were derived from
HL. To sho\-v that they were, attempts \\, ere made to demonstrate that HL was
precipitated by hornologous antiserum, the precipitiil reaction of \-vhich \\, Ith HL
was inhibited IJy the polypeptides. As added HL was completely neutralized by
antibodies at the equivalence point of the antiserum, the objective could only IJe
achieved by recovering active HL from the precipitates after specific inactivation
of the antibodies. For this purpose, the precipitates at the equivalence ancl at
three-fifths of the equivalence and botlT supernatants were kept in the cold at pH
3.0 for 7 days to dissociate the antigen-antibody complexes and were then boiled.
Lysozyme is quite stable on 1,011ing at pH 3.0 but antibodies are Inactivated. In

but not fronl eitherthis experiment, HL could be recovered from both precipitates
super natant. Therefore it was proved that HL \\, as precipitated by the antiserum,
and that the single precipitation line was due to HL and not to a separate con-
taminant. Since a Inixture of the HL preparation and the antiserum contained
only one precipitin systein for. HL, the precipitin-inhibiting polypeptides can lie
assumed to have been derived from HL. In addition, it can also IJe assumed that

HL antiserum contained non-neutralizing antibodies for. HL.

There \\, as suggestive evidence for. *he presence of non-neutralizing antiliodies
in HL antiserum. So it was probable that an active HL-antibody complex could
be found in the supernatant of the precipitin reaction in the antigen excess zone.
This active complex \-vas demonstrated by gel filtration experiments using Sepliadex
G-75. HL activity, was found in the serum protein fraction. The fractioiT was
concentrated and Techromatographed on another column of the molecular sieve
and aryain HL activity was found in the serum protein fraction while the activity
of free HL \\, as much lower than that of the serum protein fraction in the first run
This showed that the activity was not due to free HL dissociated from the neutra-
11zed complexes.

Since the molecular weight of a complex consisting of two HL molecules and
one antibody molecule must be 190,000, assuming that the moleculai \\, eigltt of
antibody is 160,000, the active complex must liehave very like normal y-glol>ulin
on ultracentrifugation. To demonstrate this, ultracentrifugation was carried out
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in a linear sucrose density gradient using a swingiilg-bucket type rotor. An active
complex of almost the same size as y-globulin was found. In additon, HL activit
other than free HL, was found in albumin and macroolobulin fractions. The
activity in the albumin fraction \\, as shown to IJe unrelated to albumin but was
found to have been due to HL associated with a o10bulin of lower molecular wei ht.

As the Ivsozyme activity in this ultraceiitrifugal experiment was estimated h
the capillary Inethod, the HL activity in each fraction was not coin aral)Ie because
free Hl, and active complexes must diffuse in soft agar. at different ratcs. To
obtain coinparal>Ie results on the HL activity of the different fractions, el intrat'0 ,
experiments were carried out using Sephadex G-200. In this experiment, much
activity was found in a fraction with a molecular weight of between 200,000 and
160,000. This indicates the presence of an active complex consistin of o1T t'-
I)ody nlo1ecule and one or t\\, o HL molecules. 11T addition, an active coin Iex f
similar size to albumin was again found. Neither normal ral>bit sera nor hetero-
logous immune ral)IJit sera formed an active complex with serum protein in .el
filtration or ultracentrifugal experiments. Howevei. , it can not IJe stated at I. esent
that non-neutraliz, rig antiliody of 10\\, molecular \\, eight was present in HL anti-
serum, because it \\, as impossible to detect neutralizing antibody of 10\\, molecular
w. .Ight.

The cause of the production of the non-neutralizing antibodies with the ur'fi d
HL preparation I)y jinmunized ralJIJits nlust be considerecl ITere. There are Iw
possible explanations for. this. First, annoenic sitcs fan. from the active centre of
HL may evoke non-neutralizing antibodies. Secondly, the HL re aration
contaiil some partially denatured HL moleculcs, wllIClt are enzymaticall , active and
the denatured parts of these in a}, I, ear antiuenic sites of different specificit , to thc
native molecule. The antibodies evoked by suclT antiocnic sites Ina , b
neutralizing and suclT antibodies in^, forIn an enzymatically active coin Iex with
partially denatui. ed HL. However, the first explanation is the ITTore likel ,.
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