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HIKE\, S JouR\A1,4,171-186 (1961)

Immunological and Biological Properties of a Subcellular

Component of Corynebacferium diphfheriae Having
the Capacity to Bind Antitoxin'* *

MASAHiKO YONEDA AND I\{ORIHIRO A, IATSUDA

An attempt to clucidaie the intiacellula^ UVents DCcui'ing cluring toxiil production by COD', I, -
batten""I of!/h!he)!'"e showed titat there was a subccllula^ component which coulcl specifically bind
antitoxin

Depart, "en! of TuberCUIosi$, Re$, arc/I 111,111"!e/or
Alltrnhia! Ditease$, 0. ,aka ChiLer5i!I. , 0, "ktt

(REtei", offor pub!!tano", Aug, ,$1 22,1961)

The antitoxin binding capacity or various subccllular fractions of a toxinogenic snaill (Parl<
williams No. 8 Toronto Harvard) of C. fly^!fiende was studied I, y the quaniiiative absorption test
and the agar gel diffusion techniqiie. I\11 the fractions testetl dcrivcd from toxin-producing cells
IFc" cells) except the cell \\, all preparaiioiT bound antitoxin. The 1.1ghc<I activity was always
in a fraction precipitating at between 14-, 500 and 100,000 x g. No antiioxiit binding activity was
detectablc in 11'actions clerivcd from cells whose toxin PIOdLiction I, ad bccn coinpletcly in ITibitccl by
cxccss iron in the CLIliurc nTedium (FeR cells)

Preincubaiioi, of the antiioxin binding ITactioiT \\, ith horse clipllthen a antitoxiil resulted in
a loss of Ihc binding activity. However. activity was unaffected by preinctibation with either noiinal
norsc sei'urn or will, anti heat-kined diphtheria I, acilli rabbit serum. Xcithei' ordinary hullos
nor physiological saline at near' ncutral pH relcascd nTore than 35 per ccnt or 11, c antitoxiil boLind
to the fraction

Animal tes. s showed that I rug CITY weight of 11Toroughly washed ai, titoxiil I, In ding Iraciioil
(FC" fraction114500-100000) was not lethal in gtiinca pigs but gave an intradermal reactioi, 10
rabbits equivalent to 20 mr. rl. for standaid cliphiheria toxin. The ICaction was I, cutralizccl I, v

Alttiscra obtained by jinmunizing rabbits \\, ith fi\, e to twenty milligrams CITY weightantiloxjjt

or the well washecl Iractioi, in incomplete Freuiltl's adjuvants contained antibody \vhiclt could
prccipiiaic ciysiallinc dip}likena 10xin and Inc antiioxin liters of the sera were in 111c rangc o10.5
to 5.0 unitslml

Disruptioit or Ihc Fell fraction by sonic oscillation restiltccl in the release or macromolecules
\vl. ich clid It o1 precipiiate at a force or 100,000 x g for' two ITUurs. The precipitation 11ncs of a
prepaiaiion or thesc nTacromolecules agaiitst diphtlicria antitoxin in an Ouchterlony's plate fused,
with spur 101'maiion, \\iih a single precipitation line formed butweeil crystalline diphtheria toxin and
Ihc antiioxin

SUNl:\, TARY

* ,\n Dullinc or this work was repoitcd allhe 6th Symposium on BactcrialToxins (June 20,1959)
and at the 33rd Xiecting of the Japanese Bacteriological r\ssociaiion (July 18, 1960)
Ai, erl by a grant from Ihe \'jinistr\, of Education. Japan**
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The significance of these findings in the biosvnthesis of diphtheria toxin is discussed

INTRODUCTION

Since most toxin protein is found in the culture filtrate and only traces in the
cells of C. diphthe, me (Raynaud, Turpin, Mangalo & Bizzini, 1954), it is not surpris-
ing that much attention has been directed towards the conditions and mode of
release of the toxin. In 1942, Morton and Ganzalez suggested the presence of
a site for diphtheria toxin formation in the cell. However, there is no work on
the nature of their hypothetical site. With regard to the biosynthesis of diphtheria
toxin protein, information on this would be of great importance in understanding,
not only the mode of toxin biosynthesis but the intrinsic mechanism involved in
the inhibitory effect of iron on the release of diphtheria toxin. During the course
of our invest 10ations on the intracellular events occuring during diphtheria toxin
production, and particularly on the Immunochemical properties of cell-free ex-
tracts of mechanical Iy disintegrated diphtheria bacilli, we found that, when an
extract of toxin-producing bacilli was centrifuged at 14,500 x g for 30 minutes
and the resulting supernatant was mixed with a known amount of diphtheria
toxin and then incubated with increasing amounts of antitoxin, the earliest Hoc-
CUIation occurred after a long incubation period, and in the tube containing much
more antitoxin than that equivalent to the toxin added. This could not be observed
with the super Datant of the same extract obtained by centrifugation at I 00,000 x g
for 60 minutes. Therefore, it seemed that there must be some component sedi-
meritable at 100,000 x g which bound antitoxin. We therefore studied the chara-
cteristics of antitoxin binding and also some of the Irumunological and biological
properties of the component in the hope that this component might be related in
some way to the intracellular site of diphtheria toxin formation.

This paper reports the antitoxin I'mding capacity of various subcellular frac-
tions of diphtheria bacilli including the cell wall. The specificity of the binding
activity and the toxicity and antigenicity of an antitoxin binding component are
also described.

YONEDA AND MATSUDA

I . Bac!end! CM!!"re

A substrain of Park Williams No. 8 Toronto Harvard strain of Gory"eb@c!eJii!, n fillhtheii"e was
used throughout this work

2. Gill!!Ifa! medium

The papain digest of beef musde described by Pope at a1. (1932) was employed as the basic
medium. To one liter of this medium, 0.5 gr of NaeHP04.12H20 and 3.0 inI of 10 per cent Gaol2 -
2HgO solution were added and the pH was adjusted to 8.0. The medium was then heated at 95 C
for. several minutes and then filtered while hot Ihrouglt Toyo No. 7 filter paper. After cooling, 2
inI or 10 per cent solution or I. -cystine and 4 inI of a solution of vitamins and metals (Solution 11,

A, IATERIALS AND METHODS



Mueller and A{illcr, 1941) were added. The pH was adjustecl to 7.8 and tlIe medium was dis-
penscd in 140 inI allquots in 500 inIshakinu flasks and autoclaverl at 10 lbs 101' 15 minutes. Solutions
of sterile maltose and iron were added just before inoculation. Nine inI of maltose solution (50
p. r cent) \\, hich had been deferraled by the calcium phosphate gel method (A, Iuellei and A{iller,
1941) \\, ere added to eacl, flask. Iron \\, as added 10 this medium as sterile solutions of 0.01 per
cent artd O. I per cent of FCS04 - 7H*O in 0.1 per cent I{Cl in amounts of 0.75 inI or ILe fom, cr per
flask, to give optimal toxin production and 1.4 inI of 11. e latter, to causc complete inhibiiion of the
toxin production

3. Cull"rel mr!froth

ANTITOXIN BINDING GOL"PONE:*;T OF C. DIPHTHERIAE

A 24 hour cuntire o1T a Loiner's slope was first inoculaied into 150 inI of the medium, contain-
ing 0. I 11g FClml ancl incubatecl at 35'C for' 171, ours with shaking at 120 sirokcs IJcr minutc at an am-
PIitude of 10 cm. Then 2.5 inI or the culture (optical density 25 at 590 in/4 in a Universal type
ColenTan spectrophoiometcr) was reinoculaiecl into cacll flask containing 150 inI of n, edium anti
incubated at 35"C for 20 ITours with shaking as described above. At 111c end or incul)allon, the
bacterial growth was usually cquivalcnt 10 an optical clensiiy or 30 to 36 and the final pi{ was 8.3
10 8.6 regardless or the amount oriron added. Titc toxin content of cultures containing 0.75 n, I or
0.01% FCS04.7H2 0 solution mask was usLially 120 10 180 Lflml. No toxin was deleciahlc by Hoccti-
ianon in culturcs containing 1.4 inI or 0.1% FeS04.7H20 solution

4. Dinning, tiffo" of tellf ",!of prepaid!ion of $11b"//!,/") nanio"$
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Sediment

inloci cells.
cell debris

and

quorlz powder

discarded

Crude exirocl

5,000 X g 20 min

Supernalonl

Sedimenl

Fraction/5000-14500

14,500 I g

Fig. I. Outline of Preparation of the Subcellular Fraction

After incubation, the whole cultures were immediately harvested and centrifuged at 5,000
x g foi' 20 minutes in the cold. The cells \\. ere theit washed three or four Iimcs with physiological
saline by centrifugation at the same speed. The washed packed cells were then disintegrated as
follows: 100 gr cells mixed with about 300 gr of quartz powder (200 mesh) were ground in a mortar
for' about 30 minutes in the cold. The resulting mudcly paste was mixed with 2 \, o1umes or M120
phospliatc buffer (pH 7.41. The cell debris and. quartz powder were removed by centrifugaljolt

30 min

Super notanl

"Cell-I ree exiroci" is up/145001

Super haloni ISup/I 000001Pellet

Frociicn/14500-100000

100,000 X g 60 min
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at 5,000 x g for 20 nTinuies. The turbid supernatant \\, as then centrifuged at 14,500 x g for' 30
minutes lit the cold. The sediment thus obtained was designated as Fraction15000-14500. The
supernataiit (Supj1+500) was further centrifuged in a Spinco Model L at 100,000 x g for' 60 ntinutcs
and the resulting pellet was referred to as Fraction!14500-100000 (Figure I). These fractions were
prepared from both Fe' and Fe9 cells and also front the Fe' cells witich Ilad been SLispended in
FelJ culture filtrate containing 200 Lf!inI of toxin and incubated at 32 C for. 30 minutes. In the
last case, disintegraiioil of the cells were performed in the presence of 4 Lf toxinlgram wet weight
of the packed cells and Fraction114500-100000 from this disintegratc \\, as used as a control (FeS'."x
F, action114500-100000)

5. Cc!! wall IFac!ion

A purified cell wall preparatioil was given to us by Prof. S. 1<0tani of the DCpaitment of Bac-
letiology, Nara ;\ledical College. It had beeit prepared in his laboratory from toxin-producing
CLIltures or the P. \\!. No. 8 strain of C. dt:phihe, '!'"e by the method described by Kitaura at a!. (1959).

YONEDA AND MATSUDA

6. Toxin prepa, ajio"s

Unless otherwise stated, the crude diphtheria 10xiil obtained from culture filtrates of the P. \V.
No. 8 SITaiit was used for. the quantitative assay, of antitoxin in all experiments. The Hocculation
units of the crude toxin were deterinnled each time with standard antitoxin. For agar gel cliffusion
analyses, ci. us!alli"e diphtheria 10xi" prepared by the methocl or Katsura at a1. (1957) with mudifica-
tions was used. The specific activity of the toxin was 3300 Lfjmg proteiiT N and it gave a single
precipitation line against crude ITorse antitoxiil both in an Oakley s tube and in an Ouchtei'10ny s
plate. For the qLianiitaiive rabbit skin reaction test, Jianda, of diph!/!e!'!'a 10xi" No. 108 from the Pro-
duction plant of our Institute was employed as control. This has a toxicity of 450 nt. I. d. , 900,000
mr. d. anti 4000 x 20 Lrj2000 per in I

7. Sei a

I) rillii!Own
Antitoxin. containing 1300 Hocculating units!inI was supplied by the ProductioiT plant or oui

Institute. A standard antitoxin containing 10 neutralizing unitslml was kindly I, Tovided by the
National Institute of Health of Japan

2) J"!i neat killed P. 111. A'0.8 bati!!i rabhi! Jei"in
Thc sei'urn was kindly given by Dr. I. FLijimoto of the Department of Public Health, Osaka Uni-

\. CTSiiy A{edical School
an .I"!i F, ",!I""114500-10,000 I"bb^T ,e, "
These were obtained by jinmunizing rabbits with \\'ashed Fraction 114500-100000, as described

in the following section.

4) J\'o1'1n"/ 1101T, ., ei"in
The normal horse sei'urn employed in this study was kindly gi\, en by Dr. I. FLtiimoto. it clid

noi contain more thail 111000 tiniis of diphtheiia antiioxin

8. I'llmi!"13,110" of labbtTf

A small amount o15erum was taken liont \\. hitc rabbits weighing about 3 kg for measuring the
normal antitoxin contcnts. These animals theit were Immunized to the washed Fraction114500-
100000 of Fell FeS and FeS*,\ cells. They were also irumunized 10 the similar FeD and FC'

In onefractions after heal trcaiment at 70'C for' 10 minutes. Injections were made as follows
series, rabbits were injected intramuscularly each week with 1.23 ing dry weight o11he fraction in
+ n, I of incomplete Freund's adjuvani (1951) 101 four weeks. In another series, rabbits were in-
jccierl intramuscularly eaclT week \\, ith 10.8 ing dry weight or the 11 action For I\\. 0 \\, eel<s. The animals
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wetc bled a week after the last injection and the sera were mactivated at 56'C for 30 minutes and
stored at -20'C with 1:10,000 Alerthiolate.

9. Double dor"$ion lirecj!, i!"!ion in agar gel

Precipitation reactions in agar' gel were carried out by the double diffusion technique of Ouchter-
10ny (1949) using 07 per cent Bacto Agar (Difco) dissolved in physiological saline containing 001
per cent Metthiolate.

10. Do ", eigh! "Ie@$",, in, ,11

The dry weight of bacterial fractions was CStimatcd by drying prepaiatioits to constant wei lit
at 120'C

RESULTS

I. An/onxin bindthg capacity of Danot!J I'@61ion$

Antitoxin I)inding capacityr of two subcellular fractions, Fraction/5000-14500
and Fraction/14500-100000 from either FeD or FeS cells and a purified cell wall
preparation of the former were tested. For me asurinu the I)inding capacity the
quantitative absorption test was used. The procedure employed for preparing
these materials is descril)ed in the precedino section.

Two hundreds ing (dry wt. ) of each fraction and 230 rug (dry \\, t. ) of the cell
wall preparation were each suspended in 15 inI of buffered saline (0.9 per cent
NaCl in M/100 phosphate buffer, pH 7.4) containing 15 units/inI of a standard
horse diphtheria antitoxin. Tubes were incubated at 37'C for 15 minutes and
the residual antitoxin un the supernatants, on tained I)y centrifu. ation of the pre-
parations at the gravity used in the preparation of each material, \\, as measured
I)y 110cculation \-vitlt 15 Lf diphtheria toxin. The amount of antitoxin absorlied
by these materials was calculated by subtractin. ' the amount of residual antitoxin
from the initial antitoxin added. The antitoxin I)indino activity was ex ressed as
units per gram dry, weight of material.

Table I. Antitoxin Binding Capacity of Various Cellular Frociions of
the P. W. No. 8 Strain of C. diph, heriae

An Iiioxin bound Iunii/gr. dry weightl

* Cultures grown in on iron deficient medium for optimal toxin produciion
** Cullures grown in a medium containing sumcienl iron, to suppress toxin produclion

The results are illustrated in Table I. Only two fractions, Fraction15000-
14500 and Fraction114500-100000 of Fe' cells, absorl, ed antitoxin, and the I'mding

Froclion

Froclion/5000-14500

Frociion/14500-100000

Purified cell wall

Fe'' cells*

256

681

o

Fe' cells**

o

o
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of the latter fraction \\, as 2.6 times as much as that of the former. Usingactivity

70 to 900 rug (dry \\, t) of these fractions and 15 to 50 unitslml of antitoxin, similar
experiments were made. The latter fraction al\\, ays showed the highest activity.
The capacity of the fraction in terms of units of antitoxin per gram dry weight
was between 556 and 695. No me asurable antitoxin was absorbed I)y similar
fraction of Fe' cells which had not released detectable amount of toxin during
orowth. It is interesting that the purified cell walls of Fe' cells had no capacity
to bind antitoxin.

2. '41/1i/oxi?I binding by F1'ac/joinifJ00-100000 of Fe' cellr rhottiii by 011ch/81'10?!I'r
dgni double dor'wrton Iechntqwe

Ajiquots of 56 ing dry weight of washed Fraction114500-100000 of Fe' cells
and of 75 ing weight of unwashed Fraction114500-100000 of Fe' and of FeS+,,"
cells were mixed with 03 in I of horse diphtheria antitoxin. The concentration
of antitoxin used \\, as 40 unitsjml for the former and 20 unitsjml for the latter. t\\, o
fractions. The mixture was incubated at 37'C for. 15 minutes, cetrifuged at 14,500
x g for 60 minutes and the super natant thus obtained was tested against crystalline
diphtheria toxin in an Ouchterlony plate. 0.2 inI allquots of each SUIernapant
and of antitoxin of each initial concentration were added alternately to the pe-
ripheral wells of the plate and the central well was filled with 0.2 in I of crystalline
diphtheria toxin solution in buffered saline (pH 7.0), \\, hose Lfjml was equivalent
to the control antitoxin unitsjml used in each plate. The plates \\, ere the IT incubated
at 37'C for. 5 days and photographed.

The result is SITown in Photouraph I. As can be seen in this photograph, the
presence of Fe' and Fe""" fractions in antitoxin did not appear to affect pre-
cipitation of the antitoxin with toxin, while no precipitation was observed between
the toxin-well and the well of antitoxin plus Fe' fraction.

3. 1:1ec/ on Ihe an/ifoxin binding capacity of lien'err/meni of Fe' Frac/foil/14500-100000
collh DaitottJ Jei'a

113 ing dry weight of Fe' FractionI 14500-100000 \\, ere mixed with 5 inI of
normal horse serum, horse antitoxin containing 225 units and anti heat killed P. W
No. 8 bacilli rabbit serum respectively. These mixtures were incubated at 37'C
for. 15 minutes and the pellets obtained by centrifugation at 100,000 x g for 60 minutes
were used for' assaying the antitoxin binding capacity by the quantitative absorption
test described in the preceding section. In the case of anti heat killed bacterial
serum, the fration was treated repeatedly with 5 in I of the fresh antiserum until the
fraction \\, as saturated with the agglutinin. Usually two treatments were enough.
TalJle 2 shows the change in the agglutinin titer of the antiserum during this pr-
ocedure. It will be seen that apprecialJle amounts of agglutinin remain uriabsorhed
in the antiserum used for the second treatment of the fraction.

YONEDA AND IVIATSUDA



Table 2. Changes in the Agglutinin Titers of the Anti Heat-killed Diphtheria bacilli Rabbi* Serum offer
Absorption with Fraction/14500-100000 Derived f rom Toxin-producing diphtheria bacilli

Aggluiinin filer*An Ii heal-killed diphiherio bacilli rabbit serum

Before absorpiion I . 320

<1Aller Ihe firsi absorption 20

After the second absorption I ^ 160

* Two fold diluiions of a Ien fold dilution of on liserum were mode. The o991ulinin tilers of the
on lisero were determined againsl on equal volume 10.5 in 11 of a suspension of Ihe heal-killed

diphlherio bacilli after incubation o137'C for 2 hours and then standing overnighi o1 room
temperalu re

Table 3 illustrates the change in the antitoxiiT Iiindinu capacity of FC" Fraction
114500-100000 before aitd after treatment \\, itIT thcse sera. As can lie seciT in the

table, fractions treated \\, ith normal horse serum or anti Iteat 1< illed diphtheria
I)acilli ralJl)it seruiT still retain their original capacity to ahsorlJ antitoxin, \\, hilc
the ITactioiT treated \\, itIT horse diphtheria antitoxin loses this activity completely.

A\TITOXl\ Bl\DING CONIPONENT OF C. DIPHTHfR/rlE

Table 3. Effect of Treolmenf with Various Sera on the An*ifoxin Binding Capacity of
Fraction/14500-100000 Derived from Toxin-prod ucing Diphtheria bacilli

An litoxin bound Iuniis/gr. dry weightl

Before preincuboiion After preincuboiion

556 556

556 556

556 o

Preincuboiion wiih

Normal horse serum

An Ii heal-killed diphiherio
bacilli rabbil serum

Antiloxic horse serum

177

4. E/, c/ of 1'411, atcd zoriJhiiig on Ih, I'm 6501/11 o11 of it111i/oxiii by an/i/oxii!-ab$01bed F1'nc/1011
114500-100000

TclL inI allquois of a suspcnsioi} of washed FC' Fraction114500-100000 \-\, erc put
into four preparativc centrifuge tulJcs of a Spincc Model L ultracentrifugc. The
dry wei, '}Tt of the fraction in each tube \\, as 160 intr. After centrifuo'ation at 100,000
I g for' 60 IlTinutes, thc supernatants \-\, ere discardcd, the pellets wei. e drained coin-
PIctely and then resuspended in 13.5 inI of a I, reparation containinu 15 unitsjml
of antitoxin. Tubes \vere incul)ated at 37'C 15 minutes. Three of the pellets
obtained b\, centi ifugation \\, ere \-\, ashcd once, twice and three times respectively
I^, alternate suspension ancl centrifugation. The fourth pellet \-\, as not washed
The fom' pellets were theIT again exposed to 13.5 ITTl of 15 unitsjml antitoxin to
measure their capacity to reabsorli antitoxin. As \\, as expected from the precedinu
experiment, the tinwashed pellet did not reabsorb any antitoxin. However,
washed pellets realisorl}ed appreciahle and constant amounts of antitoxin irrespect.
Ive of the numl)er of times they, were washed. 33.4 units of antitoxin were reab-

,
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sorbed on each pellet which corresponds to about 35 per cent of the antitoxin units
initially absorbed by the pellet. These results are summarized in Table 4.

Table 4. Effect of Repeated Washing on the Redbsorpfion of Antitoxin by Fraction/
14500-100000* Derived from Toxin-producing Diphtheria bacilli

178

^,".,,.,".,,., I . I , I , I ,
Antitoxin reabsorbed Iuniis1 I 0 33.4 I 33.4 I 33.4

* 160 ing dry weight for each o11quoi

5. Tin, fly of F, ",!i, "/14500-100000

A preliminary test showed that intramuscular injections of I to 1.5 rug dry
weight of thoroughly washed Fe' FractionI 14500-100000 failed to kill250 grams
guinea pigs. However, it gave a typical intradermal reaction in rabbits which
could be neutralized by antitoxin. Since the toxicity of the fraction was so low,
the question arose as to whether the entity responsible for the Intradermal reaction
\\, as trace of soluble diphtheria toxin contaminating the fraction. To test this,
the effect on the toxicity in terms of intradermal reaction in ral>bits of repeated
washing of the fraction was studied.

About 400 ing dry weight of Fe' Fraction114500-100000 was suspended in 160
inI of MllOO ph, ^phat. buffer (pH 7.4), dim"Ibut. d in f. or Luster', Id tuber. Th,
fraction was washed IJy repeated suspension and centrifugation in a Spinco Model
L preparative ultracentrifuge. For centrifugation, new tubes were employed each
time to avoid contamination by soluble toxin in the supernatant. A small allquot
(about I inI) was taken from both the resuspension and super natant obtained
before and after eacl} centrifugal step to assay the toxicity. For measuring the
toxicity, appropriate dilutions of these samples were made un buffered saline(pH
70) and a 01 inI allquot of each dilution was injected intradermally into white
rabbits. The toxicity of Fe' and Fe""" Fractions114500-100000 was also studied
in a similar way. As controls, I inI of each dilution was added by an equal volume
of 10 unitsjml standard diphtheria antitoxin, incubated at 37'C for 60 minutes and
0.1 inI of each mixture was injected intradermally into rabbits. The results are
shown in Table 5. From the table, it will be noted that, after washing Fe' fractioTL
three times, there is no detectable toxin in the supernatant. However, a suspen-
SIon of the fraction \\, as found to be toxic even after \\, ashing it five times, and the
toxicity after the final washing was about I mr. d. per 50 14g dry weight. In the
cases of Fe' and Fe"'0' fractions, on the other hand, their toxicity were considerably
less than that of Fe' fraction. These intradermal reactions were completely
neutralized I>y diphtheria antitoxin.

Antitoxin initially absorbed IUniiS! I 96.0
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Table 5. Chcnge in Toxicity of Fraction/14500-100000 on Repeated Woshing

Number o1

washes

Fraction/14500-I 00000 suspension I

I 119 d. w. ** ,Skin reaction*:I 10.1 inI I jinml I

3

Fe

D

I try"' I Ixi I 144 I 41" I xi I 16n
X2I 72 19N++ x2 13R

x41 36 115NL I 14 ^ 101

4

Xi

x2

x4

5

Fe
S

Xi

x2

x4

x8

xi6

103

51.5

25.8

Resulting supe rnoiont

: 15N++

I 12 N+'
I 13 N+

S +10x
Fe

Dilulion

585

292.5

196.3

98.2

49 .I

4

Xi

X2

x4

VB

xi6

x 32

Xi

x2

14

18

Xi6

179

Skin reaction*

jinml

118N+++

13N+

7 Rn

111R ,

* These skin reactions were neutralized by diphlherio on litoxin
** The dry weight of the Froclions wos calculaled from Ihe CPIicol densiiy,

using the focior 0.10. d. o1510in"*134 ug d. w
*** R ^ marked erythema r ^ 5119hl erythema

n : slight necrosis

6. firingenici/I of F1 ac!ion/14500-100000

Fraction/14500-100000 from FeD FeS and FeS, "* cells was washed five times
with NIIIOO phonphat, buffer. (pH 7.4) by rep, anrig cont"ifug^ti. n at 100,000 I g
for 60 minutes and the washed fraction was injected into \vhitc rabbits as described
in the section on I\{airi'Iu!J alld IVe!frodr. The precipitating antibody in the antisera
thus obtained \\, as examined against crystalline diphtheria toxin both IJy tlTe ring
test and Ouchterlony's technique. Their neutralizing units were measured using
standard diphtheria toxin No. 108. In addition to these antigen fractions, the
antigenicity of fractions Fe' and Fe' after heat treatment at 70'C for 10 minutes

14

Xi

804

402

201

I00.5

50.3

25.2

804

402

201

100.5

50.3

4

10 I

I 17 R
' 13R

11r

' 8r

N , marked necrosis

Xi

18R

15R

IDF

Xi



YONEDA AND MATSUDA

and of small amounts (500 and 1000 mr. d. in the total dose) of the standard diph-
theria toxin in an incomplete Freund's adjuvant \\, ere examined in a similar \\, ay.
Photograph 2 illustrates the agar precipitation pattern showing the presence of
precipitating antibody in the anti Fe' Fraction114500-100000 rabbit serum against
diphtheria toxin. As can be seen, single precipitation lines were formed bet\\, een
the anti fraction serum and crystalline diphtheria toxin and these lines fused coin-
PIetely \\, ith the precipitation line between the toxin and horse antitoxin. The Inean
antitoxin titers of the pooled antisera of two rabbit groups Injected with 4.9 and
21.6 ing dry weight of Fe' fraction \\, ere 5 and 0.5 units respectively. I\To other
antigen elicited either toxin-precipitating antibody or antitoxin production. Table 6
is a summary of the in at"o tests.

Table 6. Antigenici*y of Fraction/14500-I 00000

180

An jigens

Fe' Frociion

F, F, .. Ii. " I
Fe Fraction healed
o170'C for 10 min. I

Total dose injected

ing dry weight mr. d

Fe Froclion I
Fe Froclion healed I
o170'C for 10 min

Fe ' ~ '" Fraction

4.9

21.6

21.6

Standard diphtheria
toxin No. 8

* Intramuscular injections with incomplete FFeund's adjuvoni o1 weekly in Iervols

7. rigdi' gel diffus1011 and!yrtJ of Ihe all/ifoxt!! bindtiig ninja'in! I'e/errJed/i'onI FC F1'nc/10n/
14500-100000 by Jonic orci//alloii

In order to characterize the jinmunochemical properties of the antitoxin I)in ding
principle bound to the Fe' fraction sediment able by centrifugation at 100,000 x g
for. 60 minutes, the fraction was sonicated and the Inaterial unsedimentable by
centrifugation at 100,000 x g for' 21tours \\, as tested for. the reaction with antitoxin
by agar gel dintision techniques.

About 200 rug dry weight of Fe' Fraction114500-100000 were suspended in
M115 ph. ^phat, buffer' (pH 8.2) and coni. at, d in an .s. illat. " (Kub. to, 10 KC)
During this treatment, appropriate sized allquots were removed at 20 minutes
intervals and their optical density at 510 inn was measured in a Universal type
Goleman spectrophotometer. As shown in Figure 2, the optical density of the
suspension decreased marked Iy \\, ith the time of oscillation and after alJout 40

21.6
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o

Times of
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<215

o

^ Antiloxin units
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nilnutes no significant reduction in the optical density was on served. The amount
of I, rotein released after I 00 In mutes sonic oscillation was determined I)y Lowry's
method (1953) in the supernatant obtatined after centrifuuation of the SLispension
at 100,000 I g for. 120 Ininutes. It was about 286 11glml. The supernatant of
the untreated fraction, on the other ITand, contained 57 11gjml. Since the 2801260
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Fig. 2. Change in the Optical Density of the Suspension of Fe' Fraction/14500-100000
during Sonicolion of 10 KC

inn ratio was 079, it appears to contain relatively small amounts of nucleic acids
(6.5 91, ). Anotit 40 nTl of the supernatant, obtained after 100 minutes oscillation,
was precipitated I)y 70 per cent saturation with aminonrum sulfate, dialyzed against
A{115 phosphate buffer (pH 7.0) and the concentrated, dialyzed material was
tested in an agar gel plate Iiy Ouchterlony's technique. The form and arrangement
of the reservoirs is sho\\, n in Photograph 3. 11 in^, IJe seen in the photograph that
few lines developed bet weeiT the wells for the test material and a crude horse antitoxin.
Some of these lines fuse \\, ith spur formation, with a sinole I, recipitation line foi. med
between the antitoxin and the crystalline diphtheria toxin \\, ells. Besides these
fusing lines, lines crossing a I)recipitation line bet\\. een toxin and antitoxin were
sometimes observed. As a control, a crude diphtheria toxin solution in phosphate
buffer (pH 8.2) containin0 50 Lflml \\, as sonicated similarly and its pattern of
precipitation was tested in an Ouchterlony's plate. Ho\\. ever, no difference was
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seen in the pattern before and after treatment.

Examination of the reaction between antitoxin and a cell-free extract (Supl
14500) of toxin-producing diphtheria bacilli revealed that there is a subcellular
component (Fraction114500-100000) which can bind antitoxin. A major objective
of this study was to prove that it specifically binds diphtherial antitoxin. From
the results described in the preceding sections there may be little doubt that this

First, the result on pretreatment of the fraction with various sera supports
this. If the binding of antitoxin were merely non-specific, physical adsorption
of the serum protein by the particular fraction, there would not be much difference
in the binding capacity of antitoxin after pretreatment with various sera. Actually,
however, complete loss of the capacity was seen after pretreatment with diphtheria
antitoxin while the capacity was unaffected by other sera tested. Furthermore,
saturation of the fraction with the agglutinin for heat killed P. W. No. 8 diphtheria
bacilli, which also agglutinates a suspension of the fraction, did not alter the capacity
to bind antitoxin. Moreover, exaustive absorption with Fe' fraction of a crude
horse diphtheria antitoxin, which has also a strong agglutinating activity for both
Fe' and Fe' fractions, resulted In the complete removal of the agglutinin but the
110cculating units of the antitoxin were not reduced by this treatment. These results
clearly indicate that the bindino sites of Fe' fraction for the agglutinin and for the
antitoxin are entirely different. It is yet uncertain whether the binding sites for
both antibodies are located in the same subcellular component. It may I, e possible
that these fractions are grossly contaminated with the cell wall debris of the organism
and that agglutination occurs merely between the debris and the agglutinin. The
fact that an antitoxin binding capacity is absent from Fe' fraction may eliminate
the possibility of non-specific, physical adsorption of the antitoxin and provide
a circumstantial evidence for. the specificity of the antitoxin binding of Fe' fraction.
Very recently the authors (1961) have observed that the Fe' Fraction114500-100000
of both strains C4(,) and C7(,) of C. diphthei'toe, which are toxinogenic and A pro-
phage Iysogenic, can bind antitoxin. However, similar fractions derived from cells of
the non-toxinogenic, non-Iysogenic strains C4 and C7, from which the former were
derived by infection with the A phage (Groinan, 1955 ; Barksdale and Pappen-
helmer, 1954) could not I'md antitoxin. This indicates the association of the
antitoxin binding component with a specific Iysogenic state related to the toxinoge-
nicity and also provides further circumstantial evidence for. the specificity of the
binding of antitoxin. Second, only a part of the antitoxin bound to Fe' fraction
was removable by repeated washings with 09 per cent saline or buffers at near
neutral pH. In this case the degree of removal of antitoxin by \\, ashing was cal-
CUIated by determining the antitoxin units reabsorbed I, y the washed fraction,
which had I>een in contact witl} antitoxin. Calculations show that 65 per cent

Is so.
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of the bound antitoxin remained in the fraction irrespective of the number of times
the fraction was it, ashed. It appears therefore that about two-thirds of the antitoxin
initially absorbed is quite firmely bound to the fraction just as in the case of other
antigen-antibody complexes. The Test easily ^error able Iy Mashir ry may be regard-
ed as antitoxin which is absorbed non-specifically by the fraction. However, it
may be possil)Ie that the period (15 minutes) employed in this study for' inclLbatin
Fe' fraction in antitoxin might be too short for antitoxin molecules to bind firml
to all of the binding sites of the fraction. In any case, true answer must be obtained
by using isotope labelled purified antitoxin and by determining the amount of bound
antitoxin directly. Third, demonstration of the antitoxin in the sera of rabbits
jinmunized with Fe' fraction may be further evidence for. the specificity of the anti-
toxin binding. One may argue, however, that the antitoxin might have been elicit-
ed either IJy a trace of soluble toxin containinatino the fraction or by the toxin
non-specifically adsorbed to the fraction LISed for. immunization. This appears

not to lie the case because immunization of rabbits with FC' or Fe""" fractions,
or with a small amount of crude diphtheria toxin containinu two times as many
mr. d. as the total dose of Fe' fraction, failed to elicit a precipitatinu antibody
against crystalline diphtheria toxin, or even to cause formation of antitoxin as
little as 11100 units. Consequently all of these findings indicate the presence of
a specific antitoxin binding principle in Fe' fraction. This is directly evidenced
I)y the demonstration of the antigenic specificity, by agar gel diffusion techniques,
of the matcrial released from the fraction I)y sonication.

One of the characteristics of the antitoxin IJindinu fraction is its low toxicity.
As \\, as shown previously, I ing dry weight of the fraction had no lethal effect on
guinea pigs nut gave an Intradermal reaction in rabbits equivalent to 20 in. r. d
of standard diphtheria toxin. Assuming that one Hocculation unit of diphthcria
toxin Is equivalent to 105 mr. d. in terms of LablJit skin reactivity and provided
that one unit of the antitoxin IJound represents one Lf of ordinary diphtheria toxin,
it can lie calculated from Table I that I Ina dry weioht of the fraction should have
6.8 I 104 in. r. d. , \\, hich is an out three thousand times that actually found. In
other words, the toxicity is only al}out 11/03 times that of an equivalent amount
of diphtheria toxin in terms of thc antitoxin binding units. Therefore the Fe'
fraction appears to behave as if it were a diphthei. Ia toxoid in its low toxicity and
high specific antigenicity. Since no significant difference in toxicity was found
between Fe' and Fe'~"* fractions, it may IJe that the toxicity of Fe' or Fe' fraction
is not due to the exogenous toxin adsorl)ed to these fractions

The antitoxin I)Inding capacity and specific antiacnicity are unaffected I>y
repeated \\, ashino in the cold. This indicates that the active material responsil>Ie
for. these characters nlust be firmly nound to the fraction precipitated by centrifuua-
tion at 100,000 I a for. 60 minutes. But it was released from the fraction I^, sonic
treatment as unsedimentable maci. omolecules I^, hiuh speed centrifuuation (100,000
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I g for. 2 hours). From the precipitation pattern of the molecules in agar. gel
(Photograph 3), it in^, be considered that the material is comprised largely of the
macromolecules whose antigenic deterIn mants are partly in common with those of
the diphtheria toxin protein. However, a precise informatioi} of the jinmuno-
chenical properties must await fLITther purification of the material. A similar
treatment of Fe' fraction bv sonication also resulted in the release of such macro-

molecules that are unsediinentalile I)y centrifugation at 100,000 I g for 2 hours'
But, in this case, no antigens \\, hose specificity is in common with that of the diph-
then a toxin protein were detected.

From the in orphological point of view, the conlPIGte absence of the antitoxin
binding capacity in the purified cell \\, all fraction of toxin-producing diphtheria
bacilli is of great interest. This suggests that the binding material is associated
witll some inner structure of the organism suclt as the cytoplasmic membrane or
subcellular particles. Experiments Lising protoplasts of the organism may I>e
helpful to prove this point (Mori at a/. 1961). Preliminary chemical analyses ITave
recently shown that Fraction114500-100000 is composed mostly of protein and
ribonucleic acids. More recently, it has I)eel} found that highly purified ribonuc-
Ieoprotein particles (ril)OSomes) of toxin-producing diphtheria bacilli can still bind
antitoxin specifically (Matsuda, HITai and Yoneda, 196 I). In other or, 'anism,
such as E. coli, the structural unit on whiclt protein molecules are synthesized seems
to I>e the ribosome (Roberts at a1. , 1958). Thus the antitoxin I'mdin. ' rilJosomes
may be the site of diphtheria toxin protein synthesis and the cross reacting material
on the ribosomes could be an nascent form of the toxin protein. If this Is so,
diphtheria toxin protein \\, ill provide a valuable tool foi the ill Din'o study of protein
I>10synthesis because it can be detected specifically in amounts as low as 000002
micrograms by the rabbit skill reaction. It was reported that the toxin was de-
tectable in the cells of non-Iysogenic, non-toxinogenic strains (C4 or C7) infected
with ^ virul, nt phag, B b, fore th, liner atton of th, phag, (Bank, da1, , 1958) . Thi^
means that the formation of the toxin synthesizing system may be initiated only
by the Incorporation of B phage DNA ITaving genetic information of toxinogenicity.
Thus, it may be also possible to study toxin protein Iiiosynthesis in z, 1/10 in relation
to genetic information.

The intrinsic mechanism involved in the inhibition of diphtheria toxin produc-
tion by iron is still obscure. Considerintr from the fact that no antitoxin binding
materials except a trace amount of toxin are present in Fe' fraction, It appears
that Iron acts on a step of the toxin biosynthesis in cells. If this is true, therefore,
following three possibilities may be considered for the inhibitory action of iron
I ) A component having the capacity to bind iron may form some complex with
toxin protein in the presence of Iron, resulting in the masking of the specific anti-
genicity and the toxicity of the latter. This possibility has been originally suggested
by Pappenheimcr in his hypothesis(1947). Additoin of excess iron to cell free extracts
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(Sup11+500) of toyin-produ. ing diphth. "Ia hachii ." to F, ' Fro. ti, nil4500-100000
fails to eliminate the antitoxiit I, inding capacity. It appears therefore that once
formed, the antitoxin bindinu Inaterial bound to the Tinosomal fraction is ITot masked
merely by saturation \-\, Ith iron
2) Iron in^, combine with template RNA foi toxin protein, resulting in an alter a-
tion of the specificity of the proteiiL replicated.
3) Iron may affect the DNA with denetic informal101} o1T toxinogenicity In somc
way, resulting in a 1:10ck of toxin protein synthesis

However, the possiliility that the iiThibitory action of Iron is directly Involved in
the release nTechanism of the toxiit from cells may Ilot IJe ruled out.
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EXPLANATION OF PHOTOGRAPHS

Photograph I. Agar gel precipitation pattern demonstrating the antitoxin binding by FeD Fraction/
14500-100000

ToX 20, ToX 40 : 0.2 inI o120,40 Lf/inI of c"ystalline diphtheria toxin.
AT 20, I\T 40 : 0.2 inI or 20,40 units/inI of horse diphtheria antitoxin.
FeDFr. +/, T 40 : 0.2 inI aliquot of the supernatant of a mixture of 0.3 inI of 40 units/inI or anti-

toxin and 56 ing dry weight of Fraction/14500-100000 of cells from culturcs
grown in an iron "Iefident mediunt for optimal toxin production.

Fe'Fr. +AT 20 : 0.2 in I aliquot of the supernatant of a mixture of 0.3 ntl of 20 Linits/inI of anti-
toxin and 75 rug dry weigltt of Fraction/14500-100000 of cells from cultures grown
in a medium coiTtaining sumcient iron to suppress toxin production (FeS cells).

FCS't"\ Fr. +AT 20 : 0.2 inI allquot of the supernatant or a mixture of 0.3 inI of 20 tinits/inI or
antitoxin and 75 ing dry weight of Fraction/14500-100000 of Fe' cells disinte-
gratec1 111 the presence of 4 Lf toxin/gram wet cells

PhotograplT 2. Agar gel precipitation patterIT demonstrating the presence or toxin precipitatin
antibody in the anti Fel, FractioiT/14500-100000 serum

ANTI FenFr. : 0.2 inI of anti Fell Fraction/14500-100000 rabbit serum obtained by four intra-
muscular irucciions of the washed fraction, 4.9 dry weight in total dose, \\, ith in-
complete Freund's adjvant at 7 days intervals

AT 10, AT 20. AT +0 : 0.2 nTl of 10,20,40 units/inI or horse diphtheria antitoxin.
ToX 10, ToX 20, ToX 40 : 0.2 inI of 10,20,40 Lf/inI of crystalline tliphtheria toxin

PhotograplT 3. Agar. gel precipitation pattern demonstrating inc presence of cross ICacting materials
in FeD Fraction/14500-100000.

ToX 10 ^ 0.2 inI of ."us tallin, diphth""in I. xin (10 Lf/inI)
AT 10 : 0.2 in101 horse diphtheria antitoxin (10 tinits/inI)
SONIC SUP 100,000 x g : 0.2 inI of concentrated and dialyzed 100,000 x g supernatant obtain-

ed after sonic oscillation of FeD Fraction/14500-100000 (3.8 ing protein/inI)



AT 40

Tox 40

D

Fe FF. +AT 40

AT 20

Tox 20

.

\
\

S

FeFr. +AT 20

\ ..
\%
\\

..

AT 20

..

AT 20

Tox 20

o
S + tox

Fr + AT 20Fe

Photograph

AT 20



Tox4o

AT 40

AT 10

Tox 20

Tox 10

AT20

Photogrcph 2.

AT 10

Tox 10

.

ToXIo

Photogroph 3.




