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SUMMARY A toxin fragment produced by a phage-mutant lysogen (C7 (5~-NG2))
of Corynebacterium diphtheriae and ““ fragments A and B ” of diphtheria toxin

protein were purified by polyacrylamide gel electrophoresis. The finger prints ”’
and antigenic specificities of these purified proteins were studied by peptide mapping
and immunodiffusion. Tryptic peptide maps showed that B-NG2 protein had a
very similar *“ finger print ” to *“ fragment A except that the latter had a few minor
additional peptides. These maps were entirely different from that of « fragment B 7,
Immunodiffusion analyses using a horse antitoxin demonstrated that B-NG2 protein
appeared to be identical with *fragment A ” in terms of antigenic specificity. f-

NG2 protein did not cross-react with * fragment B” on immunodiffusion.

INTRODUCTION

Previously, we reported the isolation of a unique
mutant (4-NG2) of converting phage 8
(Matsuda et al, 1972). The lysogen (C7
(B-NG2)) of this mutant produced extracel-
lularly a single major protein species (~-NG2
protein) with a molecular weight of 24,000.
The protein had no diphtheria toxicity but had
ADP ribosylation activity and cross-reactivity
with diphtheria antitoxin. These properties
suggested that $-NG2 protein might be a
fragment of the diphtheria toxin molecule
with very similar properties to those of “ frag-
ment A > of the toxin (Gill and Dinius, 1971 ;
Gill and Pappenheimer, 1971; Collier and

Kandel, 1971; Drazin et al., 1971). Ac-
cordingly the relationship between these pro-
teins related to toxin were studied. This paper
describes the results of comparison of f-NG2
protein with “fragments A and B on the
peptide “finger print” and antigenic speci-
ficity.

MATERIALS AND METHODS

1. Preparation and concentration of the B-NG2
protein fraction

B-NG2 protein was obtained from a phage-
mutant lysogen, C7(8-NG2) of Corynebacterium
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at 10 C in a specially designed apparatus. Other
procedures for compressing the series of bands
separated by electrophoresis into a fine line, for
chromatography in the second dimension and for
subsequent color development with ninhydrin were
as described by Fukui et al. (1971).

5.  Analytical polyacrylamide gel electrophoresis

Analytical electrophoresis in polyacrylamide gel
was performed using 7.59% gel by the method
originally described by Davis (1964). Samples
were applied to gel (6.5cmx0.5cm or 7cmx0.5
cm) with sample gel or with a droplet of glycerol.
Electrophoresis was carried out at a constant cur-
rent (2 mamp per gel) employing Tris-glycine buffer
(Tris 6 g and glycine 28.8 g per liter, pH 8.3) as
electrode buffer. Gels were stained with 1%
amido black solution and destained electrophore-
tically in 79 acetic acid.

6. Sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis

SDS-gel electrophoresis was carried out as
described by Weber and Osborn (1969) using 10%
gel and the standard buffer system. Bovine serum
albumin (Armour Pharmaceutical Co.), pepsin (2x
crystallized, Worthington Biochem. Co.) and egg
white lysozyme (3x crystallized, Sigma Chem. Co.)
were used as standard proteins for estimating
molecular weight.

7. Protein determination

Protein was estimated by the method of Lowry
et al. (1951).

8. Assay of ADP ribosylation activity

ADP ribosylation activity was assayed by measur-
ing incorporation of radioactive label from NAD-
(adenosine)-*H (590 pCifpmole, New England Nu-
clear) into material precipitated with trichloroacetic
acid in the presence of a partially purified prepara-
tion of rabbit reticulocyte transferase II, following
the method of Collier and Kandel (1971) with slight
modifications (Matsuda et al., 1972).

9. Immunodiffusion analysis

Immunodiffusion was carried out at 30C in
Ouchterlony’s plates employing 0.75%, agarose in
0.01 »1 phosphate buffer (pH 7.5) containing 0.5 M
glycine, 0.14 M NaCl and 0.02% merthiolate.
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10. Antitoxin

Pepsin-treated horse antitoxin Lot. no. 68 (1300
Lf/ml) was obtained from Kanonji Institute of the
Research Foundation for Microbial Diseases of
Osaka University.

11.  Chemicals

Dithiothreitol (DTT) was purchased from Nakarai
Chemicals, Ltd. Glacial acetic acid (super special
grade), 999% formic acid (guranteed reagent) and
ninhydrin (for the automatic amino acid analyser)
were from Wako Pure Chemical Industries Ltd., and
n-butanol, pyridine and acetone (pro analysi) were
Merck’s reagents.

RESULTS

1. Immunodiffusion analyses of 5~NG2 protein,
“ fragment A and *‘ fragment B

It was previously shown that the antigenicity
of /~NG2 protein was partially identical with
that of whole diphtheria toxin (Matsuda et al.,
1972). To clarify the antigenic specificity of
the mutant-protein further, 5~-NG2 protein,
“fragment A and ‘‘fragment B” were
subjected to immunodiffusion analysis. The
results are shown in Figs. 3(a) and 3(b).

Fig. 3(a) shows that 3~NG2 protein and
“fragment A >’ each formed a single precipita-
tion band and these bands fused completely
with each other, while the single precipitation
band formed by a crystalline diphtheria toxin
preparation fused with the band of each of
these proteins with clear spur formation.
On the other hand, the single precipitation
band formed by ¢ fragment B ”’, which partly
fused with the band of crystalline toxin, clearly
crossed that formed by g—NG2 protein (Fig.
3(b)). A similar immunodiffusion pattern to
that shown in Fig. 3(b) was obtained when
B-NG2 protein was replaced by * fragment
A”. Heating of 3-NG2 protein or “frag-
ment A" at 100 C for 10 min in Tris-glycine
buffer (pH 8.3) did not diminish its precipi-
tability with horse antitoxin, but no precipita-
tion band was observable when the prepara-
tion of *fragment B had been heated at









pattern differs greatly from that of p-NG2
protein or “ fragment A 7.

DISCUSSION

Previously we showed that a single major
protein species with a molecular weight of
24,000 (3-NG2 protein) produced by a phage-
mutant lysogen (C7 (f~-NG2)) has no toxicity
but has ADP ribosylation activity and cross-
reactivity with diphtheria antitoxin. We
suggested that S-NG2Z protein resembles
“fragment A of diphtheria toxin (Matsuda
et al.,, 1972). The results presented in this
paper provide further evidence of the similar-
ity between these proteins related to the
toxin. Thus S-NG2 protein and “ frag-
ment A *’ were shown to have an almost identi-
cal peptide “finger print” and antigenic
specificity.

Peptide maps of tryptic digests of 4-NG2
protein, ““fragment A” and “fragment B”
revealed 21, 22-23 and more than 30 peptide
spots, respectively. 'The numbers of peptide
spots of ‘“fragments A and B” appear to
correspond fairly well to those expected from
the numbers of lysine and arginine residues in
diphtheria toxin (Raynaud et al., 1965 ; Michel
et al,, 1972) and in the fragments (Michel et al.,
1972), suggesting that the tryptic digestion was
almost complete. The finding that §-NG2
protein gave 2-3 fewer peptide spots than
“fragment A’ was reproducible and this
suggests that g-NG2 protein is a little bit
shorter polypeptide than *fragment A”,
provided the latter preparation contains no
contaminants.

Immunodiffusion analysis showed that §-
NG?2 protein has a similar serological specificity
to “fragment A”. This implies that the
determinant groups of these proteins re-
sponsible for combining with precipitating
antibody are essentially the same. However,
this requires confirmation using anti g~-NG2
protein and anti ‘‘fragment A ” sera. Re-
sults also showed a distinct difference in the
serological specificities of “ fragment B ” and

A-NG2 protein or ““ fragment A, indicating
the presence of at least two kinds of precipitat-
ing antibody relevant to diphtheria toxin in
the horse antitoxin employed (Pappenheimer
et al., 1972).

The crude concentrated extracellular product
of the lysogen showed no definite protein
bands other than that of 5~NG2 protein on
SDS-gel clectrophoresis (Fig. 1) and even a
freshly prepared culture supernatant of the
lysogen gave a single band of 3-NG2 protein
on gel electrophoresis. Thus it appears
that p-NG2 protein may be produced by
C7 (f-NG2) in the form in which it is syn-
thesized. At least it may not be a degrada-
tion product of diphtheria toxin or of a frag-
ment of the toxin larger than 3-NG2 protein
formed by proteolytic enzyme(s) during the
isolation procedure.

Recently, Michel et al. (1972) examined the
amino acid composition and end groups of
diphtheria toxin and of its thiol-splitted sub
units (the “ L and H chains ”) and established
that the ““ L chain " (corresponding to * frag-
ment A”) is the N-terminal moiety of the
toxin polypeptide, as suggested by Gill and
Dinius (1971). The N-terminal amino acid
of 5~NG2 protein has not yet been determined.
However, p~NG2 protein is in many respects
similar to “fragment A, so it may also be
the N-terminal portion of diphtheria toxin, as
in the case of CRMA45 (mol. weight, 45,000)
reported by Uchida et al. (1971).

Previously we showed that production of
£~NG2 protein was inhibited by excess iron
in the medium and suggested that the N-
terminal portion of the toxin might be involved
in the mechanism of inhibition of diphtheria
toxin by iron. To study this, we are now
trying to isolate phage mutants, the lysogen
of which may produce much smaller frag-
ment of the toxin than g-NG2 protein,
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