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"!Ki:N. s Jou*x*L I, 138-156 (1958)

The Antigenic Relationship between the T. component of
Diphtheria Arithoxic Horse Serum and Arithoxic

Globulin modified with Protease*

HAJiME Fullo, SHIGERu 1<1sHiGucHi, YusAKU NOMA, SOHEi SHINKA,
YosHiHiKO S A1Ki AND TsuNEHis A AMANo

SUMMARY

I. Thc T-component of diphtheria antiioxic horse serum (DAHS) was highly purified by
zone electrophoresis. 11 was then hornogenous by physico-cliemical and Immunological criteria

2. From the same batch of the DAHS three types of enzymically monmed antitoxic globulin
(EAGL) were prepared. These were diphtheria antitoxic globulin digested with AVIergi!!"5 "iger
protease (DGL ,\:;"), diphtheria antitoxic globulin digested by pepsin and dissociated from the
specific conjugate with toxin by pepsin (DCLpep) and DCLpep further digested by An'eigi!!"J
niger protease (DCL pep. ANr)

Quantitative precipitin reaction of each EAGL willl T-component antiserum were made
DCL ,\:;I, and DCLpep precipitated about 40% of the T-component antibody and DCLpep-
AM, precipitated about 20% of the T-component antibody. The eqLiivalence point of each
EAGL found in the antibody excess kgion of the hornologous T-component system and the
super natants of eacli EAGL and T-component antibody system always contained antibody
precipiiable by further addition of T. component

3. The precipitin line of the T-component against T-component antiserum fused with that
of each EAGL forming a "spur" in agar medium. But these EAGL could not be differentiated
from each other by precipitation reaction in agar medium

4. When the purified T-component was digested by AJIergi!jus "Iger protease (ANP), a
precipitin line or the T-component was connected will, two distinct precipitin lines forming a
"spur" behind two lines of the digest. From these results it is suggested that the determinant
groups of the T-component consist of two or more sub-groups differing from one other in their
serologica! specificiiy and that because of loss of the determinant groups each EAGL can only
react willI some of the antibody fractions of the T-component antibody

Delay!me, !I of Immunology, ReJearch Justi'!!, te for ,Mt'6,061h! DireaJeJ, Orek" Uni, erri4y

(Recei"ed for public"!ion, December I, 1958)

INTRODUCTION

lv'Iany workers has intended to reduce or eliminate the antigenicity of
therapeutic diphtheria antitoxic horse serum. In such efforts, AJIergill!tJ 11iger
(Am ano at "!., 1955b), acid-Taka p"otea, e (Amano at "I. , 1953,1954,1955a; ISOjima
at "I. , 1954) and pepsin (Pope, 1939a, 1939b; Levine at at. , 1952) we"e found
suitable for modifing the antigenicity of antitoxic globulin.

Many workers have coinpai'ed the antigenicity of the modified antitoxic
globulin with that of normal horse serum (N. H. S. ). flowever, And0 (1937a, 1937b,
1937c, 1937d, 1938a, 1938b) and T"effe"s & Heidelbe"ge" (1941) showed independently
that the antigeniciiy of antitoxic globulin differs from that of other antibodies
produced in the horse.

*This pap. r \vJs presented at the 201h Annual lv, leeting of the Japanese Biochemical Society in
July 1957 at Kyoio Pref^IUTal University of Medicine.
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11T highly irumui}ized diphthcrial antitoxic IToisc serum, a ne\\, scrum
component, the T-component, was demoilSITatcd I)y \!aiT dcr Scheer aild \\'yckoiT
(1940). Amoui. eux and Yeu (1951) also rcportcd that the T-component is a
major fraction and contains a large part or the antitoxic activity or such sera

In our pi. evious TCPoit (Fujio c/ a!., 1958) it \\as stated 11\at aria' digestion
of the DAHS by ANP, the remaining antitoxin was derived from the T-component
11'actioit ancl the antitoxin originally present in Ihc v-globulin had been almost
completely destroycd. 1<ckwick e! d1. (1941) also sho\\. cd that in odincd T'-component
\\. as loft after peptic digestjolt or the DAHS.

11 is the I erurc nccessary to coinpai. c the antigenicity of the antitoxic globulin
(EAGL) in odincd by the enzyme \\, illl that or thc T-coinponcnt. Foi' this study,
the T-component or the DAHS \\. as 111ghly purified by zone electrophoresis and
the antigenicity or the EAGL still retained \vas testecl with 'I'-component rabbit
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antiserum 111 1,111'O

AJI^gilli!, nige?' protCasc (ANP) : AVMigilliiJ 11igei' straiiT Us aini* produces a
protCasc \\, hich can hydrolyze scrum protCins in acid medium, as described in our
previous Ieport (Am ano c! n!.. 1955). Further studies on I\NP It ave shown that
it is relatively stable in acid medium, but in the region of above I)}I 7.6 its
activity Is rapidly lost.

Therefore AJIicigillii$ nigei' strain Us ami \\, as grown in an acid medium. 'The
extract or a whole culture of AJI, Igi11!1.1 11igc! straiiT Us ami fraction atcd \\, itIT cold
30%-50% cthanol and this fraction \\, as further PUTificd by zone clectrophoresis
at I)H 5.0 according to thc method of F10din and 1< upkc (1956). Thc specific
activity of the purlficd ANP \\, as about 15 timcs greater than that or the crude
extract. Thc purified ANl' pi CDaration \\. as hornogcnous by zone electrophorcsis
at pi{ 5.0 and had a slight yellow color. To estimate the plotease activity of
ANP, hoisc scrum albumii\ (H. S. A. ) was used as a substrate at pH 3.5. The
details or Ihc deter minatioit or 1,101case activity arc as describecl previously except
101 a diffcrence or substiate (Amano at a!., 1953).

Purified T-component : Thc pseudoglobulii\, obtained by precipitation with
1/3 to 1/2 saturated ammonium sulfate, \\, as further purified by zone c!ectrophoresis
at pH 8.6.

T-component antiserum : Antiserum to the T-component of the DAHS \\, as
obtained from rabbits after injecting purified T-component mixed \\, Ith jincomplete
Freund 's adjuvant. 20 ing. or the purified T-component \\, as dissolved in 10 inI.
of saline** containing M/50 phosphate buffe" (pH 7.6) and 0.01% me"Ihiolate. loin!.

\\ as added to the antigenof a mixture or Ariace! A and paraffin oil (I;9)
solution.

IV(!Ierittl. , till, ! I\leihOd,
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*riflergi!I"J "iger strain Usami was kindly supplied by the Department of Brewery, Faculty of
Engineering, Osaka University

** 0.85 pel cent NaCl and 0.01% menhiolate solution in 1,1150 phosphate buffer (pH 7.6) is
designated as P. BS. in this paper
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After mixing in a homogenizeI. , this antigen prcparation was Injcctcd subcuta-
neously into labbits once a week. After 4 injections of thc antigen, 20 ing. of
the T-component solution without adjuvant was injected subcutaneously
week later. Seven days after this last injection, the rabbits \\, ere blcd. As
antigen for. the jinmunizatioiT two batches of T-component preparation desci'Ibed
below \\, ere used. Three antisera (R-I, R-2 and R-3) were obtained from three
rabbits by immunization with T-coinp. I. T\\, o antisera (R-4 and R-5)
obtained by injection of T-coinp. 11. These antisera \\, ere maciivated by hcaiing
at 56'C for 30 minutes and inerthiolate was then added at a concentration of

0.01% as a preservative. They \\, ere stored at -60'C.
Zone electi. ophorcsis : A vertical cellulose <acid-ethanol treated) column \\, as

prepared according to the method of F10din and 1< upke (1956) and
electrophoresis was carried out using borate-phosphate buffcr (p}I 8.6, 11= 0.05)
at 4'C. The column was developed with the same buffer and 2.5 in I aliquots
collected by fraction collector. The protein concentration of each fraction \\, as
estimated from the ultraviolet absorption at 277 in A.

Ultracentrifuaation : Ultracentrifugation of the purinecl T-component
carried out using a Spinco Model E centrifuge.

Quantitative precipitii} analysis : A quantitative precipitin reaction was made
by the method of Heidelberger and Kenda11 (1935). The antigen was dissolved
in saline containing M/50 phosphate buffe" (pH 7.6) and 0.01% of inerthiolate.

Determination or total nitrogen in the specific precipitate was made in a
micro-Kjeldahl apparatus or by direct Nesslerization. The total nitroacn
estimation of the specific precipitate by direct Nesslerization \\, as as follows : 2
drops of N/2 NaOH solution was added to each test tube containing the specific
precipitate and the later was washed into a callbrated 1<jcldahl flask. 0.2 inI.
of acid digestion mixture * was added to each flask. Then the flask was dently
heated until the digest becomes almost colorless.

After cooling for a few minutes one drop of 30% H2O2 was added to the
flask. Aoain each flask was gently heated until the digest becomes colorless. 10
inI. of distilled water \\, as addcd to each flask and the flasks \\, cre placed in an ice
bath for' 20 minutes. 3 inI. of pi'eviously cooled Nessler's reagent (Foiln, 1919) were
added to the flasks and Ihc contents diluted to 20 in I. \\, ith distilled water

After standing at 25'C for. 30 minutes, the optical density of each samplc \\, as
measured at 415 inn. in a GolemaiT Universal Photometer. The amount of total
nitrogen of each sample was deduced froin a standard curve obtained with
ammonium sulfate.

Aryar diffusion reactions : The double diffusion technique of Ouchterlony
(1949) \\, as used. One per cent agar. (Ditco) and 0.01% inerthiolatc in M/50
phosphate buffer at pH 76 \\, as employed. In each well were I)laced 0.2 in I. or
antigen solution (dissolved in phosphate saline buffer at pH 7.6) and 0.2 in I. of
undiluted antiserum. These plates were incubated at 37'C and photon^aplled
on between the 7th and 12th day of incubation.
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\\, ere

zone

*Acid digestion mixture : 100 inI. of conc. H. Sol \\, crc diluted \\, illi 300 inI. of deionatcd \\, aler
and 0125 inI. of SeOCl= were added to the solution

was



I. Purification of the T-component or DAHS by zone electrophoresis.
DAHS was diluted with an equal volumc or water and precipitated with 1/3 to 1/2 saturation

of ammonium sulfotc. The precipitate was dissol\, ed in a small quantity or waici and dialyzed
distilled water for 3 days. Theagainst running tap water for 3 days and thcn twice against

dialyzed sample was Iyophilized. Two hundred rug. of iyophilizcd globulin was dissolved in
inI. of botatc-phosphate buffer (pH 8.6,11 = 0.05) and applied 10 the top of a column (3 x 40 cm)
or buffered cellulose powder. Zone electrophoresis was carricd out at 900 Volt and 26 in A. at
4'C 101 24/10urs. The fractions were clutcd using a fraction collectoi'. Thc protein concentration
of each fraction was esiimatcd nom absorption at 277 inn using a BCCkman SPCcirop1, o10mcter

for 3 days andThe T-component was collected and dialyzed against running lap water
against 50 volumes or distilled water Tor 2 days. The dialyzctl sample was Iyophilizcd

\\!he IT purification was carried out \\, Ith DAHS of lower antitoxin content,
the T-component fraction obtained by onc run of zoric electrophoresis was not

Thercforehornogciious, still containing small quantitics o1' 131-and ,,-globulin.
in Ihcse cases zone clcctrophoresis was repeated. Thc antitoxin content of various
purified T-coinponcnt preparations obtained by 20nc electrophoresis wcrc appre-
ciab!y different. Higher antitoxin contcnt was found in the 'F-component when

T-COMPONENT AND PROTEASE-MODIFIED GLOBULIN

RESULTS

more potent DAHS was used milla-
11y. A T-component prcparation
(T-coinp. I) permed from DAHS
containing 1900 AU. per inI. had
205 AU. per ing. N. while a T-coin-
ponent prepaiation (T-coinp. 11)
from DAHS containinu 960 AU.

pel' InI. had 140 AU. per rug. N

2. F1\ysico-chemical hornoge-
neity of the purified T-component
prcparation.

The physico-chemical hornogc-
neity or T-component preparations
purified in this way was examined

electrophoresis and byby
ultracentrifugation.

I ) Elec!7011/07eii, propeltieJ
Purified T-coinponcnt prepa-

rations were examined by zone

electrophoresis at pH 8.6 as descri-
bed above. The electrophoretic
pattern of Ihc T-coinp. I is shown
in Fig. I.
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I. 000

O D o1 277 inI,

zone

0500

10 20 30 40 50 co 70 80 90 100 110

Tube No

Fig. I Electrophoresis of purified T-component
IT-coinp. 11 on a cellulose column.

Note : Borote-phosphate buffer, pH 8.6,
strength 0.05; 25 hours of 40 in A. 70 ing
applied in 2ml. Cellulose column, 3X40cm
Optical densities were read of 277 in".
Fraction size about 2.5 inI.

To check the starling position of the
material 2, 4 dinitrophenylefhanolomine
was used. 11 OPPeared in the effluent
o1 the point indicated by the arrow.

Ionic
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As can be seen, this preparation was hornogenous. Although the patterns o
other preparations are not shown, these were also electrophoretically hornogenous

2) Unroce"!74/11go!ion of the 1117'Vied T-component prepaidtion
The ultracentrifugal pattern of T-coinp. I is shown in Fig. 2.
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Fig. 2 Ultracenlrifugol palletn
of purified T. component IT coinp. I

The experiment was carried out
using o Spineo Model E. o1
120C und 52,640 r. p. in.
S. in PI, , 0.34 % T. coinp. I
solution dissolved in I% NOCl
in M 15 phosphate buffer pH.
7021

No. I Photogroph o1 32 minutes.

No. 3.

No. 2 Photograph o148 minutes.

As seen in Fig. 2, it was hornoge-
nous T-coinp. 11 was also hornogenous.

These T-component preparations
were therefore hornogenous by both
physico-chemical criteria.

The increasing amounts of T-coinp. I dissolved in P. BS. were added to test tubes containing
I inI. of T-component antiserum (R-3). As an antigen control, 0,306 ing. of T-coinp. I dissolved
in I inI. P. BS. was introduced into a test tube containing I inI. of P. BS. and as an antiserum
control, I in I. of P. B. S. was introduced into a test tube containing I in I. of T-component
antiserum(R-3). These tubes were incubated in a water bath at 42'C for 3 hours and stored at
00C for 48 hours, Then each tube was centi ifuged at 3000 r. p. in. for 30 minutes at 0'C, and

No. 3 Photograph at 64 minu, CS.

3. Immunological properties of the
purified T-component.

An examination was made of the

purity by jinmnuological criteria.
The quantitative aspects of the antige-
nicity of the T-component have not
yet been reported because of difficulties
in its purification.

Physico-chemically hornogenous
preparations of the T-component were
injected into rabbits and the antisera
obtained. Quantitative precipitin aria.
Iyses were carried out.
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tile specific piecipitaic obtained was waslicd I\vicc willI Ihc PHS. Tile total nitrogen of 111c
specific precipitates was estimated by micro-Kjeldalil anal\SIS. r\s neither control tube 11ad an
appreciable amount of nitrogen by micro-Kjeldalil analysis, tiley were neglected

The I. esults or this cxperimcnt ale shown in Table I and Flu. 3.

Table I. Quantitative precipitin reaction of T-component in hornologous antiserum

Antigen added

ing
0019

0039

O 058

0078

01 00

0.1 20

0139

O. 154

0169

0184

0245

0306

Total N

precipiloled

ing
0159

O. 302

0413

O 500

0585

0625

0635

0643

0635

0639

0622

0602

Antibody Iq.
precipiioled

ing
0140

0262

0354

0421

0484

O 505

An 119en , T-coinp. I
Anliserum R-311 in11

0.2 in I. of T-component on liserum was added*Test on supernoloni, deleclion o1 antigen
10 0.2 in I. of each supernolonl

d electio n oI on libo dy. . . . . . 0.2 in I. o1 antige n soluiion containing 0.2"g N

o1 T-component was added 10 I in I o1 each super notonl

An libody N. /Anti-
gen N. in specific Test on supernoloni'

PPI-

Excess antibody7.2

6.7

6.0

5.4

48

4.2

O 700
N rug

\

O 600

O 500

An 119en! -I. An libody! - I

Antige n! -I, An libodyl - I

Excess antigen

\

,/

\

,/

0,400

\
\

O 300

A
*

' 0, "' Anlibody N precip, 1.1ed
A,

I\.

d \

If

O 200

11

\

11

O 100

,

,/

,
,

,

,

o
,

,
,
,
,
,

,

,

,/

,
o
,
,
,
,

,J

01

An 119en N added ling I

Fig. 3 Quantitative precipitin reaction of T-component in hornologous drillserum

Antigen. . ... T-coinp. I
A"*iser"in. . . R. 3 (I in 1.1

TDInl N. pleapil. led

"A Antibody N
An leen N

An libody N
An 119en N

70

6.0

5.0

0.2

4.0

3.0

0.3
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A distinct equivalence zone was observed from the results of a test on
supernatant.

The ratio of the precipitated antibody N to antigen N added was plotted
against the antigen N added, as shown in Fig. 3.
As the result was linear, it can be concluded that the purified T-component
preparation was also hornogenous on the criterion of the quantitative precipitin
analysis.

As the antitoxin contents of the T-component preparations were appreciably
different, their antigenic properties \\ ( re examined by quantitative precipitin
analysis using individual rabbit antiser;I.

The results are summarized in Tal re 11.

Table 11. Comparative study of quo illative precipitin reaction using various

pre poralions of T-coinponenl and of T-coinponeni a niiserum

144

Precipiiinogen

T-coinp. I

T-Coinp. 1,

T-coinp. I

T-coinp. 11

T-coinp. I

T-coinp. 11

T-coinp. 11

Antiserum

Pre poral ion N o. 'Immu nizing

* These values were calculoied f rom the results of the quoniiiolive precipiiin reaction assuming

the molecular weight of T-component 10 be 18X104 and Ihat of the rabbit antibody to be
16xlO,

R- I

R-I

R. 2

R. 2

R-3

R- 4

R'S

Though the two T-component preparations differed from each other in
their antitoxin contents, they precipitated almost the same amount of antibody
nitrogen from a batclt of T-coinp. I antiserum. Therefore it can be assumed
that antigenic properties of T-component were not correlated with their antitoxicity.

The molecular ratio of antibody to antigen in the specific precipitates
formed at the antigen excess end of the equivalence zone was calculated from
the results of the quantitative precipitin analysis, assuming that the molecular
weight of the T-component was 18xlO{ and that of the rabbit antibody was
16x104. As can be seen in column 5 of Table 11, the ratios calculated were

fairly consistent with a mean value of 5.2.
it is concluded that the two preparations of the T-component were both

horno, ,enous in their jinmunological behaviours. Further analysis of their Immuno-
logical homogeneity \\, ere made using Ouchterlony s agar. diffusion technique.
As shown from the results described below, both preparation were hornogenous by
this analysis 100.

I T-coinp. I

antig e n

,/

Molecular composition*

Antibody N. I of specific precipitate
ing. /in I. o1 antigen excess end

I of equivalence zone

If

,I

I T-coinp. 11

If

,/

0738

0729

0652

0643

0505

0133

0323

4. Quantitative precipitin reaction of EAGL with T-component antiserum.
Digested globulins prepared from DAHS by pepsin or by ANP were shown

to be derived from the T-component, as described above. These digested

5.3

48

5.4

5.4

5.4

5.1

5.3
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4000

3000

2000

1000

Tube No

Fig. 4 Electrophoresis on cellulose column of untiloxic

globulin digested by ANP

Note : Borofe-phosphate buffer, pH 8.6, ionic strength

0.05 ; 43 hours o1 35 in A at 4'C 400 ing. applied
in 6ml. Cellulose column 3X40cm. Optical densities
were read of 277 in/,. Froclion size about 2.5 in I.

by^ cone clef/roll^oreJiJ.
Three kinds or EAGL \\, ere

prepared. To compare their anti-
prcparedthesegenicities, ^'ere

from a batch or DAHS containing

960 AU. PCr in I.
a) DCLANP : DAHS contain-

ing 960 AU. PCr in I. was digested
with ANP for 72 hours as described

in our pi. evious rcport CAInano at
a/., 1955) and thcn the globulin
h. action \\, as obtained by precipi-
tation \\, ith half saturated am-

monium sulfate. The major coin-
ponent of this fraction \\, as farthei.
purified by zone electrophoresis at
pH 8.6 as shown in Fig. 4.

The antitoxic activity of the
purified antitoxic globuliiT \\, as 200
AU. per ing. N.

10 20 30 40 50 60 70 80 90 100 110

globulins <DCLpcjJ and DGLANP)
still gave a faint reaction \\, 1111 T-
component antiseruin \TITen tested
by the ring test. There are two
explanations for. this residual pre-
cipitation by T-component anti-

The one is that digested
globulins might still be containi-
nated with a small amount or

Theundigcsted T-component.
other explanation is that Iargc
peptides \\, hich ITavc IJcen split off
might still be precipitatcd by T-
component antibody. To decide
which alternative is coi. rect quanti-
tative precipitin reaction \\, ere

carricd out with the digested
globulins and T-component anti-
scrum.

I) Pig/mrd!1011 01 ,".:J, n!e-MDdjjfd
'11/1i!oxic g!obitliii3 tt"of Ihei!' 1,111'!/ifn/ion

scrum.
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5000

O D. d 277 in, ,

4000

3000

b) DGLpep : The same batch of DAHS \\, as digested \\, ith pepsin according to
the method of Pope <1939a and 1939b). Th, antitoxic globulin digested by
pepsin was precipitated \\Ith an optimal ratio of crude diphtherial toxin <Pope at a/.,

2000

1000

Fig. 5 Electrophoresis on cellulose column of antitoxic gl-
obulin obtained by peptic digestion of the specific
precipitates.
Note : BCrate. phosphate buffer, pH 8.6, ionic strength
0.05 ; 42 hours of 36 in A of 4'C. 500 ing. OPPlied in
6 in I

10 20 30 40 50 60 70 80 90 100 110 120

Tube No
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1939c). The DCLpcp was obtained by peptic digestion of the specific lirecipitates.
11 was purified by zone electrophoresis as shown in Fig. 5.

Thc purified DCLpep contained 710 AU. per intr. N.
c) DCLANP : To eliminate more completely the antigenicity of the antitoxic

globulin, further digest101} of DCLpep was attempted. However no increase in
antitoxicity was found on further digestioiT or DCLpep \\, ith pepsin at various
concentrations, and the more digested DGLpep still formed a white rinu with
T-component antiserum by ring test.

Next DGLpep was digested by ANP. A preliminary experiment, showed
that a large quantity of ANP rapidly destroyed the antitoxin in the DCLpep
Therefore a very small amount of ANP was added to the DGLpcp solution.
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Two nundred ing. of DCLpep was dissolved in to 20 inI. of I. {/15 acetate buffer (pH 3.5)
containing 0.2596 phenol and M/2000 ZnSO4 and the pH was adjusted 10 3.5 with N-HCl. I. bur
tenth inI. of ANP (protease activity 9.2 units) \\, as added to this solution. The ratio of the enzyme
nitrogen to the substrate nitrogen was about I : 320

At the beginning of the enzymic action there were 1050 antitoxin units per inI.
of DGLpep. After 72 hours incubatioiT there were about 560 antitoxin units
per in I. of digcst. Artcr 72 hours the PI{ of the mediuin was 3.8. The precipitates
formed during the digestion \\, erc filtered off and the PI{ of Ihc filtrate was
adjusted to 76 with N-NaOH. This filtrate was dialyzed three times aryainst
distilled water for 4 days at 5'C and then Iyophilized. Further I)urification of
DCLpep. ANP was also performed by electrophorcsis, as seen in Fig. 6.
There \\, ere 780 antitoxin units per ing. N in the purified DGLpcp - ANP. A
slight increase in antitoxin units per ing. N \\, as observed

2) q. nanij!alite prefi/jilt}I rindb!JjJ

I 000

O D. o1 277 hip

O 500

zone

10 20 30 40 50 60 70 80 90 100 110

Tube No

Fig. 6 Electropherogram on cellulose column of untiloxic
globulin obtained by further digestion of DGLpep with
ANP.

Note : BCrate-phosphate buffer, pH 8.6, ionic strength
0.05 ; 24 hours of 30 in A at 4'C. 40mg. applied in 3ml.

of' DGLANP, DGLp, /, and Do by, /,-
ANP ruin! T-ruin/ion, "/ dini$ei'11m.

The residual antigenicity of
three type or EAGL preparation
was examined \\, 1111 a sample of
T-component antiserum

0.5 inI. or T-component antiserum
(R-4) was put into a series or test tubes
and mixed with a series o1 increasing
amounts or eacli type of EAGL dissolved
in 0.5ml. of P. BS. Four series of controles

were also prepared containing the same
amount or cacli antigen and P. BS. in
addition, a sei'urn control containing 0.5
inI. of T-component antiserum (R-4) and
0.5 in I. of saline was prepared. These
tubes were incubated in a water bath

at 42'C for 3 110urs and stored at Doc
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for 48 hours. The specific precipitates from each tube were washed twice \\, ith P. BS. and the
total nitrogen was then estimated by the direct Nessierization. Since the antigen and the serum
control did not give any appreciablc color with Nessier reagent, they were neglected

T'he Iesults of thc \. determinations on the precipitates are shown in Fig. 7
and the results of tests on the super natants are sumitTarizcd in Table. 111.

An equivalence zone was found in cacll series or super natant tests in which
thc super natant formed no pre-
cipitate \\, ith the T-component
antiserum or with Ihc same

antigen used. Thc value or the
antibody I\;. precipitated by each
sample of EAGL was calulated
by subtracting Ihc amount or
added antleren I\;. from the total

' 'ttdN ' th .,, in orpiecipitated , . in t e region o
antibody excess and equivalence
zone. Thc precipiiab!e antibody
N. of each system is shown in
Fig. 8, calculated as described
by }ICidclbcrgei and Kendall 20 30

(1935).
An 110en N. odded IPO. !

Thcse valucs are not VCry
Fig. 7 Comparative study of quantitative precipitin reaction

accurate and somewhat more
of each EAGL and of T. component in T. component

antibody N. may be precipitated, antiserum. ITof o1 nitrogen precipitated I

bccausc there arc no means of delccting univalent or non-precipitable peptides

100
10:01 N. prec, 9101ed 11.01

90

80

70

60

50

do

70
Antibody N. preciPiiuied ipg. I

o

60

30

20

50

"~*.

\

10

40

T. coinP 11

DGt

DG' pep. AN,

30

o

20

~, DGL

I. .' DGLI" pep. ANF

10

o

10

T-coinp. 11

DGL AN,

DGL AN,

,

1510

Antsen N. added IPgJ

Fig. 8 Comparative study of quantitative

precipitin reaction of each EAGL and of
T-component in T-component antiserum

IAntibody nitrogen precipitated I

which may have been split off and remain
lit the supernatant. However it is obvious
that all the T-component antibodies were
not precipitated even at the equivalence
zone of each EAGL systems, because the
super natants of each scries or EAGL tubes
gave appreciable precipitates when they
were mixed with T-component

This mean that some fractions of the

T-component antibody could be precipi-
lated with EAGL but thc other fractions

could not be bound by EAGL. These
facts suggest that the T-component anti-

are heterogenous in specificity.bodies

The DCLANP and the DCLpep could
precipitate about 40% of the T-component
antibody

\\!hen the DCLpep \\, as farthcr di-
gested with ANP, the precipitating ability
of the resulting globulin as an antigen

5

40 50

20
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Table 111. Test on super natonts in quonlifotive precipitin reaction of T. component

and of each EAGL against T. component on, iserum

A. T-coinp. 11 - R-4 sysiem

kits'" " ""' I ' -' ' '-' ' " ^ '-' ' '-' ^ ' '-' ^ ' " I ' '-' "-' "-'
__, 91??L9:5_!'11/5?:vL, ,_ I_ _I-.- ----.-!^I'I'~I~.~;~~~.~~ ~'~,,,* on ' '~""' " ^ ' ' I ' ' ' I I ' - I I~~~~~~ ~~
, I. co!p:nenl _I I I I I I~ ' '

An jigen N. added
"g. per 0.5 in I. antiserum

Test on

su pernolonl

I DGLAxr
T-coinp. 11 I
^:

T-coinponeni I

hanger N .dd, d ^ o. 71 1.5 2.9 I 4.4 ' 5.1 I 5.8 7.3 ' 8.7 I 131
1.9. per 05 in I. antiserum ^ ^ I

,,,,, I~I~ ~I~ , ,,,
11 I 15, 2.3 I 3.0 3.8 4.6 6.8 9.1 13.7 22.7

^^ - - ---- -^^^ ^^^

--. ^ ^ - ^-^-. ---- - I - -

- -I- -I~ ~ t t +I+I antiserum

DGLpep +,, , _ _,_ _ _ _

TestOn ' T-coinp. " I ' ' ' ' ' I ' ' ' ' I '
--^^^-^.^^.^--^^

super natonl ' I I

I -' - - - ^- - t:+ +I+

B. DGLANP - R-4 system

Antig. , N- .dd" I o. 5 I 0.7 I 0.9 I 1.0 2.21 3.31 4.3119. per 0.5 in I antiserum I I ,

I- -- ---!- I" ~ ' ~~ ~~ ~ ~super notqnj T-coinp. 11 , , , I , , I , , , ,
^---^ ^^-I-------.-^^-

antiserum : I I

C. DGLpep - R-4 sysiem

Dejection of antigen in super natoni, 0.2 in I. o1 T-component Grillserum was added 10 each

0.1 inI. of super notonl

Detection of antibody in supernaioni ^ 0.2 149. N. of coch EAGL 10.1 in 1.1 was added to each
0.3 in I. of supernoianl

D. DGLpep, ANP - R-4 system

was appreciably reduced. Only 20% of the T-component antibody could be
precipitated. The super natant was taken at the equivalence zone of this system
and mixed with DGLpep or DCLANP. Though it was calculated that another
20% (40% minus 20%) of antibody N. could be precipitated by DCLpep or
DGLANP, no precipitate was detected

Essentially the same phenomenon was observed in gel diffusion analysis,
namely when DGLpep. ANP and DCLpep or DCLANP were compared on Ouchter-
10ny plates with T-component antiseruin no "spui. " formation was observed as
described below. The exact explanation can not be given from our experimental
results. However the authors feel that DCLpep. ANP may be heterogenous in
antigenic valency and so a part of added DCLpep . ANP would be left in

5.4 8.2 I 10.9
---- --^

+ +14
+++
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the super natant blocking the combining sites of antibodies, which could be
precipitated from the T-component antiserum by DGLpep or DCLANP. However
these super natants gave appreciable precipitates when they were mixed with the
T-component.

From the resluts described here it can be concluded that the peptide having
antitoxic activity split by protease still retains some of the determinant groups
of the T-component.

3) Precipitin reaction in agar medium
T-component purified by zone electrophoresis was proven as hornogenous by
physico-chemical criteria and also in the quantitative precipitin reaction. However,
it remained to confirm the homogeneity of the T-component by agar diffusion
analysis. The precipitin reaction in agar medium was developed by Oudin and
Ouchterlony and its high sensitivity for detecting small amounts of aiTtigenic
impurities has been recognized by many workers' The double diffusion technique
in agar medium according to the method of Ouchterlony was employed in this
study to test the homogeneity of the purified T-component and to clarify the
antigenic relationships between the T-component and each type of EAGL.

DGLpep. ANPT-coinpDGLANPT-coinp

1.49

T-coinp

Anti T

DGLpep

As seen in Fig. 9, the T-component always gave only one precipitn line
against the T-component antiserum. The precipitin lines of EAGL differed from

Fig. 9 Antigenic relationship between T. component
und eoch enzyme modified antitoxic globulin
o901nsf T-component cringerum in precipifin

reaction in ogor medium.

Note , T-component antiserum. .. R-4 10nlibody
N. =0,133mg. in1.1

T-component 11. . . . . .35.41, g. N. /in I.

27,314g. N. /inI.DGLANP . . .

.. 20,619. N. /inI.DGLpep

10,249. N. /inI.DGLpep. ANP

Photographed of 7th day of incubofion

Anti T

Anti T

..,.
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that of the T-component in their vague and diffuse appearance' Each EAGL
gave only one precipitin line against the same serum also. When the T-component
was compared in its behaviour with T-component antiserum with each EAGL,
it was found that its line fused with that of each EAGL forming a " spur".
These results are consistent with those of the quantitative precipitin reaction and
suggest that the determinant groups of each EAGL is the same as some derminant
groups of the T-component.

To show the difference of the antigenicity between the T-component and
each BAGL more clearly, each EAGL solution \*. as mixed with the T-component
in different proportions and diffused against T-component antiserum. Two
distinct precipitin lines were observed as shown in Fig. 10. Fig. 10 shows the
results of DCLpep. In the case of DGLANP and DCLpep. ANP, essentially the same
phenomenon as in the case or DCLpep have been observed.

150

. g. . ^.

4 5

Fig. 10 Precilpil@lion in ogor medium by a mixture of Ih
T-component and DGLpep ogoin, I T-component Gritiserum.
Note , T-component anti, erum. .. 02 in I. of R-3 10ntibody N.

0,505mg. /in 1.1
Antigen, I. .. 0.2ml. of T. coinp. 11 solution 1013mg. N. in1.1

2 ... 0.1 inI. of T. coinp. 11 10.13mg. N. in1.1
+01 inI. of DGLpep ,o1"lion 10.12mg. N. /in1.1

3 ... 0.1 inI. of T-coinp. 11 ,o1"tic" 10.06mg. N. /in1.1
+0.1 inI. of DGLpep ,o1"110" 10.12mg. N. /in1.1

4 ... 0.1 inI. of T-coinp, 11 sol"tic" 10.03mg. N. /in1.1
+0.1 inI. of DGLp. p SQMi0" 10.12mg, N. /in1.1

5 ... 0.1 inI. of T-coinp. 11 sol"Ii0" 10015mg. N. /in1.1
+0.1 inI. of DGLp. p solution 10.12mg, NIMl. )

6 ... 0.2 inI. of DGLp. p solufi0" 10.06mg. N. /in1.1
Photogroph of 7th doy of incubo, ion

it is concluded that the residual antigenicity of each EAGL was due not to
a small amount of residual T-component after digestion, but to peptides having
antitoxic activity which were split off.

As the three types of EAGL precipitated different amounts of antibody from
T-component antiserum, the combinations of the three kinds of BAGL with the



T-COMPONENT AND PROTEASE-MODIFIED GLOBULIN

T-component antiserum was examined using the gel diffusion technique to see i
there was any differences in their antigenicities.

The results are shown in Fig. 11. No distinct difference was not observed
and the precipitin lines of each EAGL fused without forming any spur

DGLANP. pepDGLpepDGLANPDGLpep

Anti T

DGLANF. pep DGLANF

Anti T

4) The antigenic modification of previously purified T-component during
digestion with ANP.

To clarify the mechanism of the reduction or elimination of antigenicity of
the T-component by ANP, antigenic variations during digestion of T-component
with ANP were studied by the precipitin reaction with T-component antiserum
in an agar medium.

One hundred ing. o1' the T-component (T-coinp. 11) was dissolved in 10 in I. or M/15 acetate
buffer (pH 3.5) containing 0.25% phenol and M 2000 ZnSO. I. The pH was adjusted to pH 3.5
with N-HC1. 0.14 in I. or ANP (Protease actibity, 9.6 units) was added to the T-component
solution and the mixture incubated at 37'C for 72 hours. The ratio or enzyme N. to substrate
N. was about I : 310 in this experimental. Initially and at I, 3.9, 24.48 and for 7 ours
during the incubation, an I in I. aliquot of the digest was taken. One drop of N-NaOH was ad e
to this sample to stop enzymic action. Then it was diluted to 4 inI. with 100 NaCl and 0.01 I,
inerthiolate in M/50 phosphate buffer at pH 7.6. The antitoxic activity remaining was estimated
in each sample and each was examined by the gel precipitin reaction. The digests were store
at -600C before use. As a control, denatured ANP heated at 60 C for I hour at pH 7.6 was
added to the T-component solution and incubated at 37'C for 72 hours. Each sample was put
into a well made in a agar plate and made to react with T-component antiserum.

The results are shown in Table TV and in Fig. 12.

1.51

Fig. 11 Antigenic relolion, hips in precipitin reaction
agor medium of three sorts of enzyme modified
unfitoxic globulins.

R. 4Note , T-component antiserum

Antigen , DGLANP . . .. . . 27,349. N. /in I.
20,611g. N. /in I.DGLpep

DGLpep . ANP . . .10.21, g. N. /in I.
Photographed of 7th doy of incuboiion.

Anti T
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Toble IV. Course of digestion of purified T-component by ANP.

Sample
taken o1 Ihrl

Antitoxin*

unit/in I

* Antitoxin units of each sample expressed OS the value obtained after 4 fold dilution

The destruction of antitoxin proceeded for. 9 hours of incubation but then the
antitoxicity remained constant.

Number of

precipiiin line

1:':0^^

11^12

2

3

35

9

30

2

3

24

30 30 I 30
^I^

48

4

72

5

Control

50

anti T

Fig. 12 Variations of precipitin line in the course of digestion of purified T-component by A ogoin,
T-component Gritiserum.
Note : T-component antiserum ... R-510/11ibody N. =0,323mg. in1.1

T-coinp. 11 (2.5mg. in1.1Antigen , I

6

onIi T

11

7

digest offer O hr.2
,/ If I hr.3 ......

If 3 hr.4 ...... If
11 9 hr.5. ..... If

6. ..... 11 u 24 hr.

7 ...... T-coinp. 11 12.5mg. in 1.1
8 ...... If If

9 ...... digest after 9 hr.
I 24 hr.10 ... 11

,/ 48 hr.11 ...... If
'/ 72 hr.12. ..... ,/

13 ...... T. coinp. 11 12.5mg. /in1.1
14 ...... Control

Photographed of 10th day of the incuboiion.



The appearance of the precipitin lines varied considerably during the first 9
hours of incubation. After one hour two precipitin lines appeared and after 3
Ilours the two precipitin lines were clearly separated from each other. In
later stages of digestion only a faint precipitin line was observed. As shown in
Fig. 12, the precipitin line of the T-component fused with that of samples of
antigen solution after 9,24 and 72 hours forming a " spur ". The intial precipitin
line of the digest was relatively vague and diffuse as compared with that of the
native T-component. Though the initial sample was taken as soon as the ANP
had been added to the T-component solution, the T-component could have been
digested to some degree by the ANP untill the NaOH was added.

The precipitin line of the control2

solution of T-component treated with
denatured ANP had the same ap-

that of native T-pearance as

component in spite of some decrease
in antitoxicity. To see if one of the
two precipitin lines could be due to
undigested T-component remaining
in the solution a sample digested
by ANP for 3 hours and native
T-component were put into antigen-
wells and diffused against T-coin-
PODent antisGrum.

As shown in Fig. 13 the single
line of native T-component fusedanti T

with both two precipitin line ofFig. 13 .Antigenic relofion, hip between T. component
sample of antigen solution after 3dige, fed for 3 1.0ur, by ANP und T. component

hours digestion forming a " spur "o901nsl T-component drillserum in precipilin redc, ion
in agar medium. against T-component antiserum.
Nofe, T-component Griti, erum ~ R-510niibody N. =

Therefore the two precipitin lines of0,323mg. /in 1.1
the later sample must would beA"fig. in I ...... T-coin. 11 12.5mg. /in1.1
formed by two types of peptides2. ..... dige, lion producl of 3 hr.

Phofgrophed o1 10th doy of the incubation split from the T-component.
it is concluded that the determinant groups of the T-component can be

differentiated into two or more sub-groups differing in their serological specificity.
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In past years, it has been supposed that, the residual antigenicity of the
enzyme modified antitoxic globulin may be due to contaminating undigested serum
component remained after enzymic digestion. If the residual antigenicity of EAGL
is due only to contaminating undigested T-component, all precipitable antibodies
would be precipitated in the extreme antigen excess region in the quantitative pre-
cipitin reactions of the BAGL with T-component antiserum. However, the equival-
ence zone of each sample of EAGL was always found in the antibody excess region
of the orginal T-component and the maximal amount of each antibody precipi-

DISCUSSION
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tated was always less than the actual amount of the antibody precipitated by the
T-component. Moreover, the super natants of these systems contained antibody
which was precipitated by further addition of the T-component.

Moreover, in 111e supernatants or the quantitative precipitin reaction of the
EAGLs with T-component antiserum, there was a region in \vhiclT the super natants
did not give any precipitatcs on further addition or each EAGL or of T-component

This suggests that the antibody produced against hornogenousantiserum.

T-component Is essentially heterogenous in its serological SPCcificity. 11 different
antibodies were I, roduced against each detci'minant group in terms of their
specificity, our results could easily be explained by supposin, , that each EAGL lost
some determinant groups during digestion by protease, so that it could not
precipitate somc of the fractions or the T-component antibodies. Such a possibility
was cmphasizcd by the fact that the precij>itin 11nc of the 'T-component fused
with that or each EAGL 101 ming a "spur".

NIOreovcr, during digestion or putincd T-component by ANP, the precipitin
11nc or the nailvc T-coinponcnL was fused with two lines or digested T-coinponcnt
forming a "spur" behind two 11ncs. From this fact it is evidcnccd that T-component
had bccn split into two or more typcs or peptides differed in its serological
SPCCifiCity.

Recently Lapresle <1955,1957a, 1967b, and 1958) and 1'0pc (1958) indoyendently
observcd a similar I}henomcnon with highly purified protein antiuen. Pope (1958)
repoi'Led that highly purified crystalline diphtherial toxin gave a number or
precipitin lines treated \\, ith protease or undei conditions of denaturation. LLC
therefore assumecl that there was microheterogcneity in the molecules of crystalline
toxin and thesc different molecules were digested or denatured in differcnt ways.

Though our cxpcrimental conditions employcd wcrc supposed to be drastic
101' Ihc T-coinponcnt and Ihc antitoxicity or the control without enzyme decreased
to about 90%, Ihc pi. ecipitin line formed by this samplc could not be differcntiated
from that or the Ilalive T-coinponcnt. Therefoi. c the multiplicity or the I)rccipitin
lines or thc T-component pailialy digested by ANP could only be cxplaincd as
being the lines formed by the precipitation of the I)eptides split off with their
respcctivc antibodies.

Lap"CSle <1955,1957a, 1957b, and 1958) and Raynaud (1958) had found esscntial-
Iy the same phenomenon using human scrum albumin and diphthcrial toxin
I'espectively. 'To elucidatc in orc prccisely thc multiplicity or precipitin 11ncs it would
be necessary to separate the various IJeptidcs which were split off in PUTc state and to
study the structure or each determinant group in relation to the chemical
structure or the peptidc.
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