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Computer analysis showed that the gene encoding the latex test-reactive protein of Clostridium difficile
exhibited high levels of homology with glutamate dehydrogenases from various sources. Further analysis
demonstrated that the recombinant protein possessed glutamate dehydrogenase activity. Our results show that
the protein that reacts in commercial latex tests for C. difficile is a glutamate dehydrogenase.

Clostridium difficile, which causes pseudomembranous
colitis in patients undergoing antibiotic therapy, is an impor-
tant nosocomial pathogen (8). The disease results from the
tissue-damaging toxins (toxin A and toxin B) produced by
toxigenic strains of the organism. A number of different tests
(tissue culturing, enzyme immunoassay, and latex agglutina-
tion) have been developed as aids in the diagnosis of the
disease. The tissue culture test, which has been in use for
over 10 years, and the enzyme immunoassay, which is
currently being evaluated, detect the toxins produced by the
organism. The latex agglutination tests marketed by Becton
Dickinson Microbiology Systems (Culturette CDT) and Me-
ridian Diagnostics, Inc. (Meritec-C. difficile), on the other
hand, detect a nontoxic protein (Mr 43,000, as determined by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
[SDS-PAGE]) produced by C. difficile and do not distinguish
between toxigenic and nontoxigenic strains (9). The gene
encoding the protein was originally cloned in our laboratory
to demonstrate the absence of toxic activities associated
with the latex test-reactive protein and to show that it is
distinct from the toxins of C. difficile (7). Strains of C.
sporogenes and Peptostreptococcus anaerobius produce a
similar protein.
During the course of our studies of the latex test-reactive

protein, we noted that the protein possesses several proper-
ties that may yield useful information about clostridial pro-
teins in general. First, the latex test-reactive protein elicits
high levels of precipitating antibodies in experimental ani-
mals, indicating that it may be useful as a carrier molecule
for antibody production. Second, the recombinant protein is
produced in high amounts (>10 Fxg/ml) when expressed in
Escherichia coli, unlike other clostridial proteins that we
have examined (10); thus, the results of studies of this
protein may indicate why some recombinant clostridial
proteins are expressed much better than others. On the basis
of these observations, we continued our studies of the
protein in an effort to identify its function. Our experimental
approach consisted of (i) sequencing the gene encoding the
protein, (ii) identifying the function of the protein by com-
paring the deduced amino acid sequence with the sequences
of other proteins, and (iii) confirming the identified activity
by enzymatic analysis.

Cloning and sequencing were done with the DraI fragment
(pCD5A) encoding the latex test-reactive protein (7) by
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previously described procedures (3, 11). Expression of the
recombinant protein was accomplished with an exonuclease-
digested portion of the fragment. The Sequence Analysis
Software Package developed by the Genetics Computer
Group at the University of Wisconsin was used for sequence
analysis. The National Biomedical Research Foundation
Protein Sequence Data Base was used for analysis of the
deduced amino acid sequence.
For N-terminal sequencing, flasks containing 500 ml of

Luria-Bertani medium were inoculated with E. coli JM109/
pCD5A carrying the gene insert and incubated at 37°C with
shaking (200 cycles per min on a gyratory shaker) for 48 h.
The cells were collected by centrifugation, suspended in 20
ml of 0.05 M Tris-HCl buffer (pH 7.5), and lysed with a
French pressure cell. The debris was removed by centrifu-
gation, and the lysate containing the recombinant protein
was passed through a 0.45-,um-pore-size membrane and
stored at 4°C. The recombinant protein was purified by gel
filtration chromatography on Ultrogel AcA22. Fractions
containing the recombinant protein were identified by fused
rocket immunoelectrophoresis (1) with rabbit antiserum
against the latex test-reactive antigen (7), and the N-terminal
sequence was determined by previously described methods
(3, 12).
Glutamate dehydrogenase activity was measured at 340

nm with reaction mixtures containing 1 ml of 300 mM
potassium phosphate buffer (pH 8), 0.5 ml of 300 mM
glutamic acid neutralized to pH 7.5, 0.45 ml of 1 mM NAD,
1 ml of deionized water, and 0.05 ml of test sample. Bovine
liver L-glutamate dehydrogenase (Sigma Chemical Co.)
served as the positive control. The protein concentration
was determined by use of Coomassie protein assay reagent
with bovine serum albumin as the standard (Pierce, Rock-
ford, 111.).

In our previous cloning studies of the latex test-reactive
protein (7), a 2.5-kb Drat restriction endonuclease fragment
containing the gene was inserted into the HincII site in
pUC19 and expressed in E. coli JM109. When the 2.5-kb
fragment was sequenced, an open reading frame of about 1.2
kb was identified at the 3' end of the insert. Immunodiffusion
analysis of the protein expressed by the open reading frame
confirmed that the protein reacted specifically with antise-
rum against the latex test-reactive antigen (data not shown).
The gene sequence and the deduced amino acid sequence are
shown in Fig. 1. The start site was confirmed by N-terminal
sequencing of the expressed recombinant protein. The pro-
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FIG. 3. Analysis of the recombinant protein for glutamate dehy-

drogenase activity. Lysates were prepared from E. coli DH5a
containing pUC19 (A) and E. coli DH5a containing pUC19 with the
gene encoding the latex test-reactive protein of C difficile (O).
Assay mixtures contained ca. 0.75 mg of lysate protein. Bovine liver
L-glutamate dehydrogenase (17.5 p.g containing 0.023 U) was used
as the positive control (El). Assays were performed in triplicate. The
bars denote standard deviations.

tein consists of 421 amino acids with a deduced molecular
weight of 46,015.

Analysis of the deduced amino acid sequence of the latex
test-reactive protein with the National Biomedical Research
Foundation Protein Sequence Data Base revealed that this
protein has high levels of homology with glutamate dehy-
drogenases (4, 5, 13-18) from various other sources (Fig. 2).
On the basis of this finding, we analyzed the recombinant
protein for glutamate dehydrogenase activity (Fig. 3). A
lysate prepared from cultures of E. coli expressing the latex
test-reactive protein possessed glutamate dehydrogenase
activity, whereas a lysate prepared from cultures not ex-
pressing the protein were negative in the assay.
Our results demonstrate that the latex test-reactive protein

of C. difficile is a glutamate dehydrogenase. Under denatur-
ing conditions, the protein exhibits an Mr of 43,000, as
determined by SDS-PAGE, and this estimated molecular
weight correlates well with the molecular weight of 46,015
deduced from the gene sequence. Under nondenaturing
conditions, however, the protein exhibits anMr of >200,000,
indicating that it exists as an aggregate of subunits. Gluta-
mate dehydrogenases from other sources have also been
shown to exist as subunit aggregates, usually as hexamers (4,
5, 13-18). The findings that the native enzyme from C.
difficile has a high molecular weight and that it is highly
immunogenic probably help to explain why this protein was
originally confused with toxin A. Toxin A preparations
containing small amounts of contaminating glutamate dehy-
drogenase would elicit high levels of antibody against the
protein in addition to antibodies against the toxin. Therefore,
latex reagents utilizing these antibodies would not distin-
guish between toxigenic and nontoxigenic isolates, since
nontoxigenic isolates produce as much glutamate dehydrog-
enase as do toxigenic isolates.

Glutamate dehydrogenases, which reversibly catalyze the
amination of ao-ketoglutarate to glutamate and the deamina-
tion of glutamate to cx-ketoglutarate, have been of interest
because of their role in nitrogen metabolism and their
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regulatory mechanisms. These enzymes are highly con-
served and exhibit an extremely low rate of point mutations
relative to many other proteins (2). The glutamate dehydrog-
enase of C. difficile, which has been of interest because of its
usefulness as a diagnostic marker for the presence of the
organism in fecal specimens, also is highly conserved. Glu-
tamate dehydrogenases from other clostridia, including C.
butyricum, C. kluyveri, and C. symbiosum, have been stud-
ied, but their sequences have not been determined (6, 19).

Nucleotide sequence accession number. The GenBank ac-
cession number for the sequence reported here is M65250.

This study was supported by Public Health Service grant AI 15749
from the National Institutes of Health.
We thank Roger Van Tassell and Carol Phelps for technical

support and Bruce Anderson for help with the glutamate dehydrog-
enase assays.

REFERENCES
1. Axelsen, N. H., J. Kroll, and B. Weeke (ed.). 1973. A manual of

quantitative immunoelectrophoresis. Methods and applications.
Universitesforlaget, Oslo, Norway.

2. Creighton, T. E. 1984. Proteins. Structures and molecular
principles. W. H. Freeman & Co., New York.

3. Dove, C. H., S.-Z. Wang, S. B. Price, C. J. Phelps, D. M. Lyerly,
T. D. Wilkins, and J. L. Johnson. 1990. Molecular characteriza-
tion of the Clostridium difficile toxin A gene. Infect. Immun.
58:480-488.

4. Holder, A. A., J. C. Wootton, A. J. Baron, G. K. Chambers, and
J. R. S. Rincham. 1975. The amino acid sequence of Neurospora
NADP-specific glutamate dehydrogenase. Biochem. J. 149:757-
773.

5. Julliard, J. H., and E. L. Smith. 1979. Partial amino acid
sequence of the glutamate dehydrogenase of human liver and a
revision of the sequence of the bovine enzyme. J. Biol. Chem.
254:3427-3438.

6. Kanamori, K., R. L. Weiss, and J. D. Roberts. 1989. Ammonia
assimilation pathways in nitrogen-fixing Clostridium kluyveri
and Clostridium butyricum. J. Bacteriol. 171:2148-2154.

7. Lyerly, D. M., D. W. Ball, J. Toth, and T. D. Wilkins. 1988.
Characterization of cross-reactive proteins detected by Cul-
turette Brand Rapid Latex Test for Clostridium difficile. J. Clin.
Microbiol. 26:397-400.

8. Lyerly, D. M., H. C. Krivan, and T. D. Wilkins. 1988. Clostrid-
ium difficile: its disease and toxins. Clin. Microbiol. Rev.
1:1-18.

9. Lyerly, D. M., and T. D. Wilkins. 1986. Commercial latex test
for Clostridium difficile toxin A does not detect toxin A. J. Clin.
Microbiol. 23:622-623.

10. Lyerly, D. M., and T. D. Wilkins. Unpublished data.
11. Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular

cloning: a laboratory manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.

12. Matsudaira, P. 1987. Sequence from picomole quantities of
proteins electroblotted onto polyvinylidene difluoride mem-
branes. J. Biol. Chem. 262:10035-10038.

13. Mattaj, I. W., M. J. McPherson, and J. C. Wootton. 1982.
Localisation of a strongly conserved section of coding sequence
in glutamate dehydrogenase genes. FEBS Lett. 147:21-25.

14. McPherson, M. J., and J. C. Wootton. 1983. Complete nucleo-
tide sequence of the Escherichia coli gdhA gene. Nucleic Acids
Res. 11:5257-5266.

15. Moon, K., D. Piszkiewicz, and E. L. Smith. 1973. Amino acid
sequence of chicken liver glutamate dehydrogenase. J. Biol.
Chem. 248:3093-3103.

16. Moon, K., and E. L. Smith. 1973. Sequence of bovine liver
glutamate dehydrogenase. VIII. Peptides produced by specific
chemical cleavages; the complete sequence of the protein. J.
Biol. Chem. 248:3082-3088.

17. Nagasu, T., and B. D. Hall. 1985. Nucleotide sequence of the
GDH gene coding for the NADP-specific glutamate dehydroge-
nase of Saccharomyces cerevisiae. Gene 37:247-253.

18. Rasched, I., H. Jornvall, and H. Sund. 1974. Studies of gluta-
mate dehydrogenase. Identification of an amino group involved
in the substrate binding. Eur. J. Biochem. 41:603-606.

19. Syed, S. E.-H., and P. C. Engel. 1990. A pH-dependent activa-
tion-inactivation equilibrium in glutamate dehydrogenase of
Clostridium symbiosum. Biochem. J. 271:351-355.

2642 NOTES


