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UNMARY On the basis of thc antigenic substriicturc of tetanus neurotoxin, the
antitoxin contpositions of horse, rabbit and human tetanus antitoxin sera, in

tcrins of their contents of antibodies against four antigenic determinant groups (n,
,3-I, ,3-2 tind thc " topographic " dctcrminant group j. ) so far known for the toxin
\\, CTC studied by quantitative precipitation reactions using purified toxin, coinple-
meritary fragments ,I, 13 and fi aginent ,3-I (a subfragmcnt of fragment 13) of the
toxin. 'The antitoxin antibody composition \, aricd slightly, depcnding on the an-
tiscrum preparation. In addition, diffcrcnt patterns of antitoxin antibody coin-
position and toxin-neutralizing ability, charactcristic of norse, rabbit and man \\, ere
found: ITorsc antitoxin sera contained all four kinds of antibodies and ITorse anti-..

sho\\, ed low toxin-neutralizing ability, \\, hile human antisera lacked anti-, I and
had anti-r witlt high neutralizing activity but contained anti-,-I with no detectable
neutralizing activity. Rabbit sera showed an intermediate pattern between those
of ITorsc and ITUman sera. In all antisera, antibodies against determinants on the
isolated fragment 13 accotint for approximately SO-SO percent of the total precipi-
table antibodies and anti-13-2 antibody \\, as invariably present. Tmmunodiffusion
analyses showed that the antitoxin compositions of nTouse and guinea pig antisera
resemblcd those of human antiscra. In mice, fragment 13 was almost as efficient
as whole toxin toxoid in cliciting a protective immune response on an equal \\, eight
basis, \\, hereas fragmcnts ,3-I and (! were botlT relatively poor antigens

INTRODUCTION

In previous conlin unications (AJIatsuda and
Yoneda, 1975 ; 1977) wc reported the antigenic
substructure of tetanus toxin (Fig. I). Teta-

I A brief report of this \\ork \\. as presented at the
5tlt litternational Conference on Tetanus, in Ron-
neby, S\\edun, o1\ June 18-23,1978

"us t. xin (M, co. 150,000 halt. us) prepar. d
from cell extracts is composed of three poly-
peptide portions, eaclt having M, ca. 50,000

2 Present address : Toneyama National Hospital;
5-I-I. Tone}, am a, Toyonaka, OSal<a 560, Japan
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FIGURE I. Antigenic substructure (tripartite inod-
el) of tetanus toxin

" Intracellular " toxin (single polypeptide of M,
ca. 150,000 daltons) or " extracellular " toxin, which
is composed of a light chain (fragment or, M, ca
50,000 daltons) and heavy chain (fragment 13, 11.1,
ca. 100,000 daltons) has four distinct antigenic de-
terminant groups ; three, cr, A-2 and p-I carried by
fragment CT, fragment 13-2 and fragment 13-I, respec-
tively, and located in the toxin molecule in this
order, and one additional so-called " topographic "
antigenic determinant group, A which is detectable
in the whole toxin molecule, but not in the isolated
fragments. Tr, Pr, sites at which mild trypsin
treatment and protease in the culture fluids nick
the polypeptide chain. TR, point to which exten-
sive trypsin digestion proceeds. FA, site(s) at
which mild papain treatment cleaves the peptide
bond(s) or the point(s) to which prolonged papain
digestion of the toxin proceeds. S S indicates a
disulfide bridge and thin and thick dotted lines be-
tween fragments and within a fragment Indicate
noncovalent bonds that can be dissociated by 4 M
urea or SDS, and by 8 M urea or SDS, respectively

Designations of fragments in parentheses are ac-
cording to the nomenclature of HeIting at a1. (1977a,
1977b, 1978). The new nomenclature for portions
of the toxin molecule proposed by us according to
the functions of these portions and to avoid con-
fusion (Matsuda at a1. , 1982b) is shown in circles

\
\
\

daltons. Fragments or, p-2 and p-I, each
with its own distinct antigenic determinant
group, are bound together covalently by pep-
tide bonds in this order and linked by a di-
sulfide bridge and noncovalent bonds between
fragments or and p, while tetanus toxin pre-
pared from culture filtrates has a nick in the
polypeptide between fragments or and p. We
have shown that, besides these three distinct
kinds of antigenic determinant groups (or, p-2
and, -I), tetanus toxin has a fourth determinant
group (7) which is a " topographic " antigenic
determinant group, in the sense that it is pre-
sent in the whole toxin molecule but not pre-
sent or not exposed in the isolated fragments
(Mats"d^ and Y, ned, , 1977).

In this study, on the basis of the above find-
ings, employing purified preparations of toxin,
fragments fir, , and p-I, we analyzed the anti-
body composition and the toxin-neutralizing
activity of tetanus antitoxin sera prepared in
horses, rabbits, men, mice and guinea pigs, in
terms of four kinds of antibodies directed

against the four different antigenic deterini-
nant groups on the tetanus toxin molecule, by
quantitative jinmunochemical study and jin-
in unodifTusion. We also examined the pro^C-
tion against tetanus toxin by active jinmuniza-
tion of mice with these fragments,

\
\
\
\
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I
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I

I
,

I
,

MATERIALS AND METHODS

134

I. Teta",, s toxin a, ,dfrog, "e, ,ts of tile toxin

Tetanus toxin was prepared and purified from
bacterial extracts (intracellular toxin) (Matsuda and
Yoneda, 1974) and complementary fragments rr
(light chain) and 13 (heavy chain) were separated and
purified from mildly trypsinized (Matsud, I and Yo-
neda, 1974) intracellular toxin as described previ-
ously (Matsuda and Yoneda, 1975). Fragment 13-1
was prepared as described in a previous report (Ma-
tsuda and Yoneda, 1977). The standard tetanus
toxin (Lot TA-4A, I Test Dose for determination
at L 10 level 0,025 ing), used for challenge of the
jinmunized mice and for assay of the toxin-neutral-
izing activity of the antisera, was a gift from the Na-
tional Institute of Health, Tokyo.

BIKEN JOURNAL V01.26 No. 4 1983



2. T"trilli, s niliitox, ,, $eru

Horse antitoxin sera, including Lots B139, B215
and B324, were gifts from the 1<an o1tji Institute,
Researclt Foundntioit for. ithcrobial Diseases of

OSalta Univcrsit\,. I{orse antitoxin scrunt (Lot A5+,

5 U!inI), Liscd us a standard in assay of toxin-ncu-
trailzing acti\. Itv of antitoxin sera. \\, as a gift from
the National InstitLite of Health, Tokyo. Rabbit
antitoxin sera \\. ei'e obtained by intrnmusctilnr in-
jcctions (twice, at 100 Lf. + weeks bet\\, eelt injcc-
tions) of formalin-treated it urined toxin, first in
complete or Incomplctc FTCund adjLivant jind sec-

ond in incomplete Freund tidyu\, ant. I{urn"n tet-
anus lintitoxins (" TetanobLilin ' ') \\, ere purchased
from Midori-111ji Co. , OSak". Mouse rind guinea pig
:intitoxin serai were obtained by subcutaneous injec-
tions It\vice, of 0.4 and 0.5 ntl of illLiminum-phDs-
phate adsorbed toxoid (10 Lf!It, I) into ntice (strain
ICR, 10 weeks old, rerunle) tind guineti pigs (strain
Hartley, 6 months old, malle, cal. 350 g) respectively,
+ \\, ccks between injectionsl

3. 011tt"!, lull'"e fuerrpi!nilo, I ,cnciio, I

incl'easing amounts of tintigen were added to a
sellcs of tLibes containing a constant amount of
serum, cqui\'"lent to 20 tinits of tintitoxin (0.1 ntl in
0.11j, NaN, ) jind the lot"I volume \\, ns made up to
0.35 inI witl, I'BS. After I h tit 37 C and 2 days at
+ C. the I, recipitatcs wei'e centi'iftigcd, washed titree
times \\, itIT chilled PBS, dr"incd rind dissolved in
0.9 inI of 0.1 N NaOl{ allld their OD tit 280 rim was

determined

employed for obtaining mouse and guineti pig anti-
toxin sera and as a reference of conventionalIy used
toxoid in experiments on irumunogenic activity was
a product of 1<nnonji Institute, Research Foun-
dartioit for i\Iicrobial Diseases of Osaka University,
Kanoitji, 1<aga\va. Formalin treatment of the pui. I-
fled toxin and the fragments was carried out after
dialyzing the preparations tigainst 0067 M 1<Na
phosphate buffer, pH 7.8, containing 0.025 M lysine
under the conditions described in our previous re-
port (Anatsud:I und Yoneda, 1976)

7. T'sts of 1111"!11Nogc, lit ticii"ity qf toxin rind Irng-
INC, lis of I'm"lis to XIIi

Micc (strain ICR, 5 weeks old, females, 18-20 g)
were Immunized with each formalin-treated frag-
merit or the whole toxin to XId ICxtrncellular (conven-
tional) or intracellular toxin toxoidl by a single sub-
cutaneoLis injection of 0.5 inI of five (or six) graded
doses of each antigen \\, ithoLit adjLivaitt and were
challenged with 20 L050 toxin 4 weeks later. The
protective activity was evaluated Lisin" the score

systcnt described by Alluratn at all. (1961) by observ-
ing symptoms for' 7 d"ys

+. M, 'o311rei, lent of pro!Ci',, '01/1e, 11

The protein contents of the specific precipitates
obtained by the cjuantitativc precipittitioi, reaction
and of the antigcns were mensLircd by thc method of
L. w"y at *, I. (1951)

5. Assny of 10N, ', I-,!rillrn/,*111g nc!ian'Iy

The itetiti'allzing acti\, It\, of the antisei'a was ti-
tmtcd by the ritethod described in AJInimum Re-
qLiirements for Biologic I'roducts of Japai. (1963).
using sttindard toxiit (Lot TA-+A) at a level of
L+!10 and antitoxin (Lot A54,51ntcrnational Units!
in I) provided b}, the National institute of I-Iealtlt of
Japan, Tokyo. OFl mice \\, eighing 20-22 g \\, CTe
LISed

8. Alln/yti'cal 111,1110ds nild tile, Jiltn/s

Otltcr tintilytical methods, inclLiding sodium do-
dccyl sulfate (SDS)-polyacrylumidc gel electropho-
rcsis (A'IatsLid;I and Yoneda, 1974) and jinmunodif-
fusion and tl\c chemicals Lised (Matusda jind Yone-
da, 1975 ; 1976) were us described previously

6 Tern, ills lotoJt/ o11d formn/1,113ntio, I of 1/1e tow', I
nild/Ing, ,1,111s DJ Ih, to\,, I

Tetanus toxoid adsorbed to aluminunt phosphate

RESULTS

I Quo"titantie precz:prtnii'on of d"titoxz', Is by
toxin and flagiiients of the ton'"

Figure 2 shows, with dissociated toxin as a
reference, the SDS-polyacrylamide gel elec-
trophoretic patterns of the purified prepara-
tions of toxin and fragments ,r, , and ,-I,
which employed in the quantitativewe

analyses. Figure 3A shows their antigenical-
Iy distinct relation against horse antitoxin
serum (lower central well) on jinmunodiiTu-

Fragments o1 and 13, which are function-
ally complementary, showed distinct anti-
genicities, while both fragments showed partial
identity with toxin. Fragment ,-I formed a
line of partial identity with fragment 13. Frag-

SIon.

A1ATSUDA, A'I. at all. Ant, 'body tulipositi'o11 of tern, ills anlitoxiii sern 135



merit ,r did not form a precipitation line against
human antitoxin (Fig. 3A, upper central well).

These differences in reactivity of antitoxins
with various antigen preparations were studied
in detail by quantitative precipitation using
horse, rabbit and human antitoxins. Figure 4
shows representative plots of these quantita-
tive reactions. The quantities of the four an-
tigens added are expressed in micrograms of
toxin equivalent. With horse antitoxin serum,
toxin gave a 110cculation type of curve having
an equivalence zone that is characteristic of
most horse antiprotein sera of high titer (Fig.
4A), while it gave typical precipitin curves
having a sharp maximum with rabbit and hu-
man antitoxic sera. Analysis of the super-
natants with toxicity showed that up to and
including the point of maximum precipita-
tion, all the toxicity was precipitated. As in-
dicated by the arrows, excess toxicity was de-
tected in the super natants once the maximum
was exceeded

The amounts of antibodies directed against
determinants on each fragment were esti-
mated from the maximum precipitation. The
amounts of antibodies against determinants
p-2 and I were calculated by subtracting
anti-p-I from anti-, and by subtracting anti-
cr plus anti-p from total antitoxin, respectively.

ABCDE
FIGURE 2. SDS-polyacrylamide gel electrophore-
tic patterns (5', gel) of purified preparations of
tetanus intracellular toxin (D), fragment ,r (A), frag-
merit , (B) and f, "gin"nt p-I (C) "rid of mildly
trypsinized and dithiothreitol-reduced, dissociated
toxin (E) as a reference

Tox

Erag. a

14AT

Erag. a

(A) (c)(B)
FIGURE 3. ImmunodifTusion patterns of purified preparations of tetanus toxin (ToX, 300 11gjml), fragment
," (F, ag. tt, 70 Agjml), frogment p (Frog. p, 280 Agjml) and frogment p-I (Frog. p-I, 60 Agjml) "galnst (A),
horse antitoxin serum (HAT) and human antitoxin (MAT) ; (B), against mouse tetanus antitoxin serum
(in AT), and (C), against guinea pig tetanus antitoxin serum (gAT).
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The results are summarizecl in Table I,
column (P). The amounts are expressed as
percentages of the amount of total antitoxin
Horse antitoxin sera invariably, contained all
four kinds of antibodies, though different an-

I

50 100

, gs Toxin equivalent
(B)

-0. .-

150

titoxin preparations \, atletl in their propoi'tions
of antibody that could be precipitatecl by flag-
merit ,I, ,3 or ,3-I ('Fable I). On the other
hand, none of the I\urnan antitoxins tested

contained am, detectable anti-fragment n (Fig.
3A, Fig. 4C, Table I). In Ilorsc antitoxins,
the percentage of anti-I antibody \, aried re-
markably depending tin the particular pre-
paration. Ten rabbits \\. ere jinmunized \\. ith

purified \\, hole toxin-toxoid in complete
FTCund adjuvant, followed + \\, eeks later' by
a I)QOSter injection of toxoid, in complete
F1'etind adjuvant in five rabbits, in incomplete
Freund adjuvant in thc other five. Antitoxin
sera of two of five rabbits in each group con-

150

\'IAT'SUDA, A'I. at a1. '11/1'body '01/1pos!11b, , of lein, Ills fill!1'10\,',! sei'a 137



TABLE I antibody compositions of tetanus antitoxins nom ho?'se, labbzt nitd mall

Antitoxin

Horse (Lot B139)
Anti-a

Anti-, a
Anti-, 3-I
Anti- 3-2d

Anti-;

(Lot B215)
Anti-a

Anti-, S

Amount of antibody
p, ecipitated" (P) (%)

Anti-7

Robhii (Lot I-3)
Anti-n

Anti-13

Anti-13-I
Anti- a-2

10.9

65.5

42.4

23.1

23.6

Neutralizing acti\. Its,
associated \\. ith

the antibody" (N) (%)

Anti-13-I
Anti-p-2

18.9

77.5

53.4

24.1

3.6

Anti-I

(Lot I-5)
Anti-n

Anti-p

12.5

80.8

47.5

33.3

6.7

Anti-j

Hitmo" (Lot L77)
Anti-tt

Anti-,

Anti-,-I
Anti-13-2

18.9

+8.1

20.2

27.9

32.8

NIC"

23.1

81.5

57.7

23.8

<3.1

P, the amount of antibodies precipitable by each antigen preparation \\. as determined by quantitative
precipitation and expressed as a percentage of the total antibodies precipita e I t e \\ o e oxi in -
CUIe (anti-whole toxin).

" N the toxin-neutralizing activity associated \\. ith the antibodies \\, as calculated by determining t e re-
SIdual acti\, ity in the supernatant after precipitating the antibodies \\. Ith eac antigen prepara 10n an
subtracting the \. alue from the activity before the precipitation. it is expressed as a percentage o t e
total toxin-neutralizing activity, of the antitoxin serum (anti-\^hole to XIIt).

" Nip, ratio of the amount of precipitating antibodies to the toxin-neutralizing activity associate \\I e
antibodies.

it The amount of anti-13-2 and its toxin-neutralizing acti\, It}, \\. ere calculated b}. su tracting e \. a ues or
anti- a-I from those of anti-,.

" The amount of anti-I and its toxin-neutralizing activity were calculated b}, subtracting t e \, a ues o an i-
n and anti-, a from those of antibodies precipitable by the toxin (anti-\^hole toxin).

I,

1.15

1.23

I. 12

1.14

0.28

Anti-13-I
Anti-,-2

o

48.3

23.8

24.5

51.7

Anti-I

Anti-whole toxin

15

55

I. 22

1.05

1.08

0.99

< 0.86

15

40

o

72.6

32.8

39.2

28.4

100

30

55

0.79

I. 14

0.74

I. 43

O. 91

10

45

138

45
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tained no anti-flagnlent ,I antibody. Exam-
PIes of the t\\. o types of rabbit antisera are
shown in Table I. In contrast to antibodies

directed against determinant groups j. and ,I,
antibodies directed against determinant groups
on fragment ,3, that is fragment ,3-2 and 13-I
complex, were consistently present in tetanus
antisera of all preparations froilT it orse, rabbit
and itTan, and fragment ,3 precipitated rip-
proximateIy two-thirds to half the total an-

From the percentages of the fourtitoxins

kinds of antibodies, CSpecially, anti-, I, and
anti-; antibodies in antitoxin sera, it appears
that tctanus antitoxins show patterns of an-
tibocly, conTposition cliaractcristic of the par-
ticular animal species : the norsc type is very
differcnt from the ITUinan type and the rabbit
type is intermediate between these two types

2. TOXIN-"elf /,'riftsi, Ig act!"11y of a"/I/O XIIis
To estimate the toxin-neutralizing potency

of antibodies directed against the deterin I-
nant groups on each fragment, \\, c assayed the
neutralizing activity rcmaining in the super-
natant of the antiserum by the mouse meth-
od, after absorption \\, ItIT an amount of frag-
merit just sufficient to result in maximum pre-
cipitation of the antitoxin. Loss of neutral-
121ng activi^, in the antiserum \\, as attributed
to the antibodies precipitated by the frag-
merit, and \\, as expressed as a percentage of
the total neutralizing activity of the anti-

The results of thesetoxin serum experi-

merits arc summarizcd in column (N) of
Table I. Column NIP in Table I shows the
toxin-neutralizing activity relative to the
amount of precipitable antibody. Approx-
jinately SO-SO percent of the total neutralizing
activity of the antisera \\, as precipitated by
fragment is (fragment ,3-2. ,3-I compelex). In
horse antitoxins, more than half the netitraliz-
ing activity \\, as precipitated by fragment 13-I,
the anti-!;-I antibody of \\, hich is associated
with higher neutralizing activit}, than anti-19-2,
and only a small fraction of the neutralizing
activ;ty of \\, hich is attributable to anti-;.. In
contrast, ITUman antitoxins showed quite dif-

forent characteristics : no detectable neutral-

izing activitv \\, as associated \\, ith anti-, 3-I, and
high neutralizing activity was associated \\, ith
anti*. antibodies. The toxin-neutralizing ac-
ti\, itIes of rabbit antitoxins showed roughly, in-
termed late characteristics between those of

horse and human antisera. In any case, anti-
,3-2 antibodies \\, ere constantly associated \\, ith
high neutralizing activity, except in one horse
antiserum Lot B215, irrespective of the species
of animal from \\, hicli the antiseruin was ob-
tained

3. COINpd, '1,011 by 1111"IN"oofiffiisi011 mmb, $13
7011/1 pill'yied 10 XIIi rind IIJ flagi, Ie"/s, of lein, ,r's
rillti'/0. Till sri'd Ironi 1110/1, , rind gill"err 113 forth
IhOS, of hill, inn ONd froi's,

Figure 3B sho\^s results on jinmunodif}u-
SIon analysis of mouse antitoxin serum. The

pattern shows the absence of anti-, I antibody
and the presence of anti-,-I and anti-frag-
merit , and by the spur formation between
the bands of fragment 3-I and fragment B
that is a complex of fragment 13-2 and ,-I,
the presence of anti-, 3-2 antibodies. Spur
formation between the precipitation bands of
toxin and fragment 13 shows the presence of
anti-;. antibody, because the mouse antiscrum
lacks anti-rr antibody, which is clirected against
fragment ,I that is complementary to frag-
merit 13. The jinmunodifTusion pattern in
Fig. 3 C witll guinea pig antiserum, again
indicates the absence of anti-(I antibody.
Anti-13-I antibody, \\, as also undetectable and
so the reaction \\, it it fragment 13 is that against
anti-13-2 antibody. Therefore, spur forma-
tion bet\^een the bands of toxin and fragment
13 shows the presence of anti-r antibody, in
guinea pig antiserum. Similar results \\, ere
obtained \\, It IT different preparations of an-
titoxin sera from mice and guinea pigs. Figure
3A shows the jinmunodiffusion pattern of hu-
man and ITorse antitoxin sera as a control.

\'IAI'SUD \. A1. at a1. '11/1'body, '01/1posit^^,! of leinJii, s '11/1'/ONi', I sei'"

4. 11/1/'11, "0ge"IC
leta"us 10 XIIi

\\;e first jinmunized groups of mice \\. ith

acti"lires of 11'agme"/s of

139
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FIGURE 5. Dose-response curves in mice (strain ICR)
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fr"ginents, F""g. ,I (A---A), Frog. , (.-.) and
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10 mice \\, ere jinmunized \\, ith five (or six) graded
doses of the antigens (single subcutaneous injection
in 0.5 inI, \\, ithout adjuvant) and challenged 4 weeks
later \\, ith 20 L050 of toxin (0.5 inI subcutaneous
injection) at 5 weeks of age (18-20 g, female). Pro-
tective activity \\, as evaluated b}, the score method
(I\IUTata at a1. , 1961): score O, death \\, ithin two
da}, s; I, death on day, 3; death in +-7 days or
sur\. I\, al \\. Itit se\ ere tetanus ; +, survi\'al \\, itIt slight
tetanus, and 6, no SI'inptom. Observations \\, ere
made for 7 days. The doses of antigens used for
immunization are expressed in Lf tinits equi\, alent
to the \\. hole toxin. \7alues are meanstS. E. for

6 mice

I
I

o

I

I
I

I

I
I
I

merit 13, which is composed of fragments ,-2
and 13-I and is complementary to fragment it,
was about one-third to half effective as the

whole toxin toxioid on a molar basis, and so
had roughly similar potency (50-100 percent)
to the \\, hole toxin to xiod on a weight basis.

11

11
11

11
,,

11
,,

11
11

11
11
"

---4

DISCUSSION

The multiplicity of the antigenic determinants
of tetanus toxin and the heterogeneity of te-
tanus antitoxins \\, ere first shown by Turpin
and Raynand (1959). They f. und that purl-
fled tetanus toxin after digestion witlT trypsin
gave t\\, o distinct lines with most antitoxin
sera on jinmunodiffusion. They considercd
that antibodies directed against only onc of
thesc determinants were responsible for neu-
trailzing the toxicity of the tetanus toxin mole-
CUIe. By freezing crude tetanus toxin, Pee-
toom and van der \jeer (1967) obtained a de_
graded product that \\, as devoid of toxicity and
showed partial identity with toxin on jinmu-
nodiffusion. Using this degraded tetanus
toxin, Cohen et a1. (1970) isolated two neutral-
izing antibodies from tetanus antitoxin. Sub-
sequently, Nagel and Cohen (1973) extended
these studies and demonstrated by successive
absorption using three kinds of antigens -t11,
-t21 and -t31, prep"red from an. nthncously
degraded toxin, that tetanus antitoxic sera
contain at least four antitoxins (Cohen at al. ,
1970; Nagel and Cohen, 1973). However,
the structural relations of these degraded

the tetanus toxin molecule areantigens to
unkno\\, n.

\\!e have elucidated the antigenic substruc-
ture of the tetanus toxin molecule (ATatsuda
and Yoneda, 1977). Using purified coinple-
meritary toxin fragments that \\, ere sufficiently
native to be reconstituted into the whole toxin

molectile almost completely (Matsuda and
Yoneda, 1976) and a subfragment of one of
the complementary fragments, we demon-

in ITorse and rabbitstrated the presence
tetanus antitoxic sera of at least four distinct

antibodies each having toxin-neutralizing

10

toxoid derived from \\, hole toxin or the for-
maim-treated fragment and then challenged
them with toxin and evaluated the jinmuno-

genic activity against tetanus toxin using the
score system (A{urata at a1.1961) by observing
symptoms for 7 days. Figure 5 shows the
dose-response curves obtained in representa-
tive experiments. Fragments ,r and ,-I both
showed roughly one-thirtieth as much pro^C-
tive activity as the \\, hole toxin toxioid. Frag-
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AlthouglT it Is not known \\ hetlieractivit\

these four kinds of tetantis antitoxins are Idcnt-

ical \\, ith those reported b\, Nagel and Cohen
(1976), the present results provide exact in-
formation on the antibodies directed against
four kinds of antigenic determinant gi. oups
\\, hose locations in the tetanus toxin moleculc
were \\, ell defined: tetanus antitoxin sera con-

tain three 1<1nds of antihodics tlirected against
thi'ee kinds of determinant groups (, I, ,-2,
13-I) carried I)y three portions Ifragment ,!,
13-2 and 13-I : ITagn\ent ,I and 13-I \\'CTC report-
CLI to be N-terminal and C-tcrnTinal poitions,
respccti\, ely, of the toxin (NCUhauu' and
HeIting, 1979)I 11f tetanus toxin, antl an lid-
ditional rintihod}, tlircctccl against a fourth
topographic" antigenic tletcrininant group (;'),

\\, hicli is not (letcctctl in any of isolate11 ITag-
merits but is <1ctcctcti In the \\, 1101c toxin mole-
CUIe

The above results of quantitative 11nnTu-

nochemical analyses of the antibody coinposi-
tion of various preparations of antitoxin sera
revcaled Itetcrogcneity in antibody, coinposi-
tion, in terms of thc four 1<1nds of antitoxin

antibodics (anti-, I, anti-, 3-2, anti-,;-I, anti-I. ) in
tetanLis antitoxin sera not only in different
animal species, but also in antiserum prepara-
tions derived from the same animal species.
However, there appeared to I>c distinct pat-
terns I)f antihi)d\, composition characteristic of
particulai' animal SPCcics. For instance, anti-, I
antibody \\, as dctectablc in antitoxic scra from
horse, but not man. Rabbit antitoxin scra

appeare{I to show an intcrmcdiatc pattci. n lie-
tween tliose of IToi'sc and ITUman, anti-rr anti-
hocly being detcctablc in onI\, some rabbit an-

A'IOUsc and guinea pig antiscra alsotisera

sho\\, ed a similari. pattern to that of human
antisera

The fact that anti-, I antibody \\, as undetect-
able in human antisera in a\, be correlated

with the absence of anti-t11 antibodies in hu-
man antiserum reported by :\agel and Cohen
(1973), and suggests the Identi^, of anti-n
antibody \\, ith the anti-t11 antibody that thcy
reported. It is unlikel\, that the kinds of ad-

IUVants lised significantly affected the antibody
patterns characteristic of different an inTal spe-
cies and the heterogeneity in preparations. A
horse jinmunized \\, ith complete Freund ad-
Iuvant and aluminum phosphate adjuvant (Lot
B139) and one jinmunized witl\ aluminum
phosphate adjuvant (Lot B324) ga\, e quite
similar patterns of antitoxin antibody coin-
POSiton. Some rabbits (two of five in each
group) had no detectable anti-tr antibodies
iri'CSpccti\, e of the kind of adjuvant (FTCund
incomplctc or complete) \\, it 11 \\. hic!\ they, were
jinmunizcd. However, piecisc studies are re-
quired on tllc cfTcct of adjuvant on the anti-
body crimpi)sition

Discrcpancics navc bccn reported on thc
titers of tctanus antitoxin sei. a obtainccl using
different antiscra as ICfcrcnccs or standards

(YanTainoto ct a1. 1970). The present results
sho\\, that these disci. cpancics can be explained
h}, heterogcnciiy in the composition of
tetanus antitoxin and indicate tlTe importance
of obtaining information on the exact antibody
composition of tetanus antitoxin sera LISed as
references or standards.

The facts that, irrespective of thc different
patterns of antibody composition, the anti-13-2
antibod}, sho\\, ed high toxin-neutralizing ac-
tivity and \\, as invariably present in antisera
from all animal species testcd sccm to indicate
that the ,3-2 portion of the tetanus toxin mole-
CLIlc is important in tetanus. In fact, on
challenge \\, it 11 toxin in inICc, fragment 13,
whicll is a complex of fragment ,;-2 and ,3-I,
SITUwcd the highcst jinmunogcnic activity of
thc toxin fragntcnts, being roughly coinparablc
to that of the \\, hole toxin toxoid.

Recently Halting and Zwislcr (1978) report-
ed extremely, low, but nonspastic toxicity in
one of the fragments from papaln-digested
toxin, fragment B, \\, hich corresponds to our
papaln fragment, fragment ,I-,;-2 complex.
Very recently we found acute botulinum-like
toxicity on intravenous injection of tetanus
toxin (!\Iatsuda at a1. , 1982a) and reported
that the acute toxicity \\, as clue to the fragment
,"-,;-2 cornpl. x (Mat^"d" at "I. , 1982b). At

,
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the meeting in 1978, at which we reported an
outline of this work, }leiting and Nau report-
ed that protection against tetanus by active
immunization \\, ith their fragment B (\\, hich
corresponds to our fragment ,I - 19-2) was as
efficient as that witli tetanus toxoid, whereas
immunization \\, ith fragment C (whiclT cor-
responds to OUT fragment e-1) \\, as less Gill-
cient in guinea pigs but approached the pro-

of tetanus toxoid in micetective capacity
(Summaries of the Presentations, 5tlT Interna-
tional Conference of Tetanus, Ronneby, Swe-
den, June 18-23,1978). These findings ^gain
indicate the important role of flaginent 13-2 in
tetanus, because as we describecl above, no
anti-rr antibody could he detectcd in human,
mouse or guinca pig antiscra by the quantita-
tivc piecipitation reaction or jinmunodifTusion
and only very weal< protective I'esponses were
GIIcited in mice by active immunization with
both fragments ,I and 13-I. For determina-
tion of the activity of fragment 13-2, attempts
to isolate fragment 13-2 are in progress in our
laboratory. Since purified preparations of
fragment ti showed no contamination with
toxin in toxicity tests, the protection of mice
jinmunized \\, itIT fragment ,r against tetanus
toxin is considered to be due to antibodies

directed against fragment it. For detection of
very low titers of anti-, I antibody, a more sen-
sitive metliod is needed than those employed
in this study. \\re could not detect any anti-ri
antibody in human tetanus antitoxins by pre-
cipitation reaction. The possibility that anti-
,I antibody exists in a univalent form still re-
mains to be investigated. The fourtlT " topo-
graphic " antigenic determinant group j. \\, as

detected by precipitation reactions in the su-
pernatant after successive precipitations of the
antitoxin serum with fragments. Thus it is
possible that the supernatant contains anti-
bodies against single determinants belonging
to each of the ,I, ,3-2 andjor is-I portions of
the toxin nTolecule. This possibility must be
examined by aminity chromatographies using
each fragment as a Iigand.

The present results demonstrating the re-
semblance of the antibody compositions of ITU-
man, mouse and guinea pig antisera indicate
that mice can be used in place of guinea pigs,
which are more expensive but have conven-
tionally been LISed in routine potency assay of
tetanus toxoid

Recently monoclonal antibodies against
tetanus toxin ITave been reported (NIIzuguchi
or a1. , 1982; Gigliotti and Irise1, 1982). All
the antibodies described above were studied

by the precipitation reaction, so, exactly speak-
ing, they are each groups of antibodies direct-
ed against a group of determinants on each
flagment. For precise characterization of the
antibodies against tetanus, monoclonal anti-
bodies against tetanus toxin and its fragments
are being isolated in OUT laboratory

REFERENCES

Cohen, H. , Nagel, I. , \. an der \jeer, A1. , Peetoom, F
1970. Sttidies on tetanus antitoxin. I. Tm-
inun01.104: 1417-1423

DIM, ,i, S. I. , Hasl, , I. I-I. . R. binson, I. H. 1982
Ch"rncterizatioit of tetantis toxins und toxin coin-

Donents 11^ aimino terminal analyses. Arch. BIO-
chem. Biophys. 214: 354-365

01gliotti, F. , Irisel, R. A. 1982. Pi'otccti\, e ITUman

ACKNO\VLEDGA, IENT

we thanl< Prof. Shizuo Tanabe, Hyogo Prefectural
Himeji Junior College, for' kindly supplying the
original pairs of n, ice (strain OFl) Lised for ^andom
breeding and the gtiinen pigs (Hartley, strain) LISed
in this studv. This work was supported in part
by a Grant-in-Aid for Scientific Research from
Ministry of Education, Science and Culture of Japan

142 BIKEN JouRNAi, \!o1.26 No. 4 1983

hybridoma antibody to tetantis toxin. I. Clin
invest. 70: 1306-1309

HeIting, T. B. , Z\visler, 0. 1977a. Structure of
tetanus toxin I. Bi. eakdown of the toXII, ntole-

CLIle and discrimination bet\\, een poll. peptide
fragments. I. Biol. Chem. 252: 187-193

HeIting, T. B. , Z\\. isler, 0. 1977b. StrLictLire of
tetanus toxin 11. Toxin binding to ganglioside



I. Biol. Chem. 252: 19'1-198

Heiting, T. B. . Z\\islet. 0.1978. Toxicit\. of papa-
in digested tetanus toxin : pathological effect of
fragment B lit the absence of spastic paralysis. I
Biol. Chent. 253 : 125-129

Lowry, 0. H. , Rosebrotigh, N. I. , Farr, A. L. , Ran-
drill, R. I. 1951. Protein measurement \\. itIt the
FDlin phenol fengeitt. I. Biol. Chem. 193: 265-
275

A, Iatsuda, itI. , Sugimoto. N. 02utsumi, 1<., HimI,
T. 1982a. Acute botulinum-Iikc into xicatioi, b\.

Blochei. . Bioph\. stetanus neLirotoxin In mice

Res. Cuminun. 104: 799-80s

A'IntsLid". itI. , Sugimoto. N. , OZLitsumi, 1<. 1982b
ACLite bottilinLim-like into XIc"tioi, it\' retaiTus

toxin in mice anti the IOC"112"tion of the ticute

toXIcity In titc A'-terntin"I pnPiit-tmgitteitt of the
toxin. p. 21-32. Proc. 6tli int. Conf. o1. Tetai, Lis,
in Lyon. o1, Deccmbcr 3-5. 1981, Fond"tioit

A'Inrcel NICrieLix, Lyon
A, Intstidn, A, I. , Varied", A, I. 1974. Dissociation of

tetanus neurotoxin into two polypeptide frag-
Blocltei. I. Biophys. Res. Coinmun. 57merits

1257-1262

IVlntsuda, A, I. , Yoneda, A1. 1975. isolation and

purification of two antigenicnlly acti\e. " coinplc-
meritar}. ' ' polypeptidc fragments of tetanus neti-

Infect. jinmun. 12: 1147-1153rotoxin

Nlatsuda, A1. , Yoneda, A, I. 1976. Reconstitution of

tetanus neurotoxin from, two antigenically acti\. c
polypeptide fragments. Biocltent. Bioph\'s. I{es
Coinmun. 68 : 668-674

A1atsuda, !\I. , Yonedn. itI. 1977. Antigenic sub-

structLire of tetanLis neurotoxin. Biocltem. Bio-

ph}. s. Res. Comintin. 77: 268-274
\'11zugLichi, T . Yoshida, T. , Sato, Y. , Nagaok". F. .

Kondo, S. , A, intuhasi, T. 1982. Requirement of
at least t\\o distinct monoclonal antibodies for

eH;cient iteutralization of tetanus toxin in \. I\ o

Natur\\is senschaften 69 : 597-598

\IUTnta, R. , wada, E. , Yamamoto, A. , 1<Libotn, K
1961. Sttidies on the standardization of tetanus

toxoid: differences in the reinti\e potency. by an-
jinnl species. JPn. I. A'led. Sci. Biol. 14: 121-
129

Nagel, I. , Cohen, H. 1973. Studies on tetantis an-
titoxiits. 11. Demonstr"tioit of at least four 11n-

titoxins of diHercnt specificit\ in antitoxic sera
I. Immun, I. 110: 1388-1395

Netib, itICr, \'., I-leiting, T. B. 1979. SII. uctLirc of
tct"nus toxin N-termin"I aimino acid tinnl\. SIS of
the t\\o ITtolectilnr forms of tct"nus toXII, and its

coll, POSitc chains. Biochem. Bioph> s. RUS, Coin-
in un. 86: 635-642

Peetoom. F. , van der Veer, A'I. 1967. The antigenic
structure of telaiTus toxin and toxoid tind its rein-

tionship with tet, in us Immunology. p. 237-24+
fir ECl<mann, L. led. l Principles on tet"nLis, Proc
Int. Conf. o1, 'Tetanus. Betil o1, July 15-19,1966
Hans I{Liber PIiblislters, Bent tind Stuttgart

Turpin, A. , Raynaud, M. 1959. La toxine tCtanique
Ann. Inst. PasteLir 97: 718-732

Ynmanioto. A. , 1<0ndo, K. ,itIUTntn, R. 1970. \!aria-

tion of Lf \aluc of tetanus toxiit depending on the
reference ill, titoxins for Hocculation. JPn. I
Aled. Sci. Biol. 23: 117-121

MATSUD, \, xi. at al. AJIt, 'body millposi'!Ib, ! of I'm, ,,, s nil!1'10xi',, sri'd 143




