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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 (M, 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 pg/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 Dral fragment
(pCDSA) 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-HCI 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-pm-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, Ill.).

In our previous cloning studies of the latex test-reactive
protein (7), a 2.5-kb Dral restriction endonuclease fragment
containing the gene was inserted into the Hincll site in
pUC19 and expressed in E. coli IM109. 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-



J. CLIN. MICROBIOL.

NOTES

2640

0921

0LTT

080T

066

006

ot8

ozL

0€9

(149

oSy

09¢

oLe

081

06

&rv%‘ DJo ﬂmouo.—n— QAI0BII-1S3) X3l Y} w_.—_—..vooco ouad Yy} jo saouanbas pIoe ourwe padnpap pue apnodPNN ‘1 ‘DI

A 9 ¥ T A K

v A X XA I s H
991 VOO VOV VIL VVV OLV 109 VVO 1

119 VVV 9VV 11V VOl 1VD

v
A W Vv I I 3I 1A

29
A M I s T 4
119 9LV 139 VIV VVD VVO VvV
29

I
vV
vV X
VVV 991 11V ID1 VVO 11l VOO VWV
A M I 4 X S A I A 95 95 V N 1 1
V19 991 9VO 1ll JVI 101 11D VOV 11D V99 199 109 1IVV 1OV VIl

v 2 4 I 1 4 9 N V v 3 2 A 1 1A
109 9V9 VIO IOV IOV VID V99 IVV 109 109 9v9 ISl 119 VIL VvV
vV v 4 I A I @ A 4 S VvV M a&a 3 13
V09 109 VD VIV VIO VIV IVD 119 1IVO VOI 109 991 OIL 9VI VvV
d X K X @ T W VvV d 9 a 1T 9 N 13
VVO VVV 91V IVI IVD VII 91V 129 VVD 199 1IV9 VIL 199 IVV VVO
V A A I 9 9 1T X 3 2 N T A 1I &
199 VIS 119 10V 199 199 11D VVV VVD 191 OVV 11D 119 VOV IVl
N @ I 9 1T X3 VvV v VvV T3 4 V I A V
SIV 1V VIV V99 VII VVV 109 109 109 VVD VOV VO9 VOV 119 109
g A 4 X 9 I I A 9 I s s d 9 1
VVD 119 VOO 9VV 199 IOV VIV 119 199 VIV IO01 IOV VVD V99 1oV
I N A @ & V d A a A X 3 9 I 1
IOV IVV VI9 OVD VDD V39 I3 119D OVD 119 VVV V9 199 VIV Vil
9 d s 1T I s$§ 4 @ A I I 9 9 A 9
199 VVD ID1 VII IOV VDL VDD 1VD VIO VIV VIV V99 199 VVV 199
I § T v X A T @ ¥ S A N dD H 4
VIV I0L VIL 129 VVV VIO VVD OVO VOV VOL 119 IVV VVD 1IvD DLl
¥ 4 9 ¥ &4 I X I S 9 4@ @ W X A
VOV 111 V99 VVV 111l IOV VVV VIV IOL 199 IV9 1IV9 9LV VVV V19
X AV &4 I K 9 1T A @ 2 V N A A
IVL 119 VD9 VIO VVO 91V 199 VIL VVV 1IVD ISI V09 IVV VVV VIO

W
olv

b
AL

I
viv

v
129

1
Vil

N
ivv

S
121

A
119

T
Vil

§o g~ 3= §o 3

S
< >

L OV1

X VvV v I ¥ W I A N X I
OVI 129 1J9 VVO VOV 91V VOV 11O 1IVV OVI 9VO VVd

I A 3 I 3 s M X X 9 &
OVO VIO VVO VVO VVO VO1 991 DV1I DV1I VOO IVl V.

a 4 I T A I 9 ¥ I V 4
IVO VOJ IOV 11D 119 VIV VOO VOV VV9I 129 11l V.

A I s T3 V A I A I I S
VVV VIV 101 VVO 129 119 VVO VVV 1OV VIV 1Dl O

I
1
11
A
19
N
vV
s I ¥ X vV 95 4 4 N T 1T N
101 VIV VOV 9VV 129 VI9 VID D1l OVV VIL VI OVV I
I
bl
99
I
1
)
T
11

A I VvV X s 9 ¥ s A O ~n
OVL VIV 129 1IVL IDL 199 VVO VOL VVV 191 991 VV9 I

9 A N 9 I 9 dD A V I X
199 11D OVV VOO VIV 199 VVO 11O 1J9 VIV VVV 129

9 &4 9 I Vv v I ¥4 9 1T S
199 LIIl V99 1DV 1D9 109 VOV VOV VOO VIl 1Ol I

go 3x B< 8o 3w im $= iu

g:: 3:-: é«n §:: 3:-1 sz En-. 3& E: gn E" gn Sa l-u-c

§o

VVV IVV OV1I 9VO 1IVO 119 91V 991 1Dl 91V ViV

v
I N X T @ A W M S K I D
WO
IVI VIV VOO 1IVO VIV OV1 V99 VOV 19V V1L VOV VVvO
H

X I 9 a I X 9 ¥ s T ¥ 1
Vil

9 X 4 I 9 I A s O X 4 R
199 IVI VOO VIV 199 VOV VIO IOl ISl 9VV D1l 1OV 91V

I 9 9 X I 4 9 A V a N b
VIV V99 199 VVV VOV VOO 999 VIO VO9 IV IVV 1VD VWO

I 8 A I I A ¥ W 4 T X 1
LIV VOI 119 9VO VIV 11D VOV 9LV 1DD VVO VVV Vil V1l

s d vV R ¥ 4 N A A a X 9 s
IO1 VVD 909 91V 9VO DOLI JI19 IVV V1O 1VD VVV VIO VOl

192t

vV TL1T

-
-]
o
-

166

106

118

1L

1€9

1549

1534

19¢

TLe

181

-
]



VoL. 29, 1991 NOTES 2641

[~ Y . . . . . . . 05
= . . . . . . .
© oy 4 © ° © ~- ]
a8 5 Lol "o ®Nw ®WNo = & AN Ao
Ly @ Q@ @ @ (2] Q Q
a —_
§é - N Q (2] @ @ Q Q Q E
B, T vl = o~ = [X] - £
NS g = » » » » w » o
<
w3 .g o) [ o < < < I z x o)
€39 . . . . . . . ~
=35 8
[ = . . . . . . . (o)
3 —_— 8 . . . : . : : 0
8gs : : D N e
T %o vwe we[oe ©e Du|lwof[oa [
ag ™ - B tm tm tm - tn £
[ =9 [o]
RN t [ < < < [l < 7]
< Za
82 [m_® =® =®m ®m =® = 2
= & <
SZ8 m wm | > > » [ »
R g
o 0
S e [ nd [ [ ad [ [ [ [
2 o3 B . N . B . .
» 3 = . . . . . .
o n 3 . . . . . . .
=0 : : : : :
358 g oL of of 02 op oo 0o 1 2 3 4 5 6 7 8 9 10
Lo a . .
£38 |o o >3] o o Time (minutes)
3 § £ b = [l ol ol = bl FIG. 3. Analysis of the recombinant protein for glutamate dehy-
5 =3 @ o > 5] @ @ drogenase activity. Lysates were prepared from E. coli DHS5a
Bas Le e @ @ @ @ @ containing pUC19 (A) and E. coli DH5a containing pUC19 with the
29 : : : . : . . ene encoding the latex test-reactive protein of C. difficile (O).
55> : : : : : : g g : P . ve {
SR® . . . . . . . Assay mixtures contained ca. 0.75 mg of lysate protein. Bovine liver
3C¢& - .
@ e = U+ U+ Do DO ON OO O L-glutamate dehydrogenase (17.5 pg containing 0.023 U) was used
[ ] w © =) w o w N . - s
» g3 < < < < < < < as the positive control (OJ). Assays were performed in triplicate. The
£3 po -
s o o o o o e o bars denote standard deviations.
a L» > > > > > >
35
Q [
¥6S o @ 9 " wm [@] =~
So«<
s ([e__o] = z |9 © o | . . . . .
"h(‘::. 3 . . . . : . . tein consists of 421 amino acids with a deduced molecular
S5% ¢ : : : : : : weight of 46,015.
[ . . . . . > . .
sg B b b ob of of EEEET Analysis of the deduced amino acid sequence of the latex
388 [ @ @ o o @Y o test-reactive protein with the National Biomedical Research
3 Ng (e @ @ @ @ @ @ Foundation Protein Sequence Data Base revealed that this
] % 2 2 =& | P om om | b e protein has high levels of homology with glutamate dehy-
28 s drogenases (4, 5, 13-18) from various other sources (Fig. 2).
A8 = m] @ e e [=] e g A X : g
I Yo w w w = ™ On the basis of this finding, we analyzed the recombinant
45 U2 for gl dehyd 4 (Fig. 3). A
g . . -
S22 . . . . R . protein for glutamate dehydrogenase activity (Fig. 3).
g s 2 : : : : : : lysate prepared from cultures of E. coli expressing the latex
28 al[PR]ef 0f 08 ol HR] test-reactive protein possessed glutamate dehydrogenase
g8 3 N - & N t-r p po g ydrog
2y < > > > > > > activity, whereas a lysate prepared from cultures not ex-
BY A e = = = = 0= ressing the protein were negative in the assay.
P 4 P g y
26 = o @ ® o [x] @ . .
S e Our results demonstrate that the latex test-reactive protein
5 5 - ~ - ] - . o] . g . P
TE5 > " - - - " - of C. dtjﬁgle is a glutamate dehyglrpgenase. Under denatur-
G g8 m < - - - - - ing conditions, the protein exhibits an M, of 43,000, as
og @ > i v w 2] determined by SDS-PAGE, and this estimated molecular
€ w [m] & _ o Jm ®w = . . :
= weight correlates well with the molecular weight of 46,015
o % .
38 = @ > > > z > deduced from the gene sequence. Under nondenaturin
2w X v | © o [a |o ce g qu - 2
55 . . " . : . . conditions, however, the protein exhibits an M, of >200,000,
Q Q . . . . . . . indi . h . 2 p £ lr) . Gl
£ : . : : : : : indicating that 1t exists as an aggregate of subunits. Gluta-
% & wo (B =8 =4 =6 =9"=2 mate dehydrogenases from other sources have also been
5% e =ZM]sY T 2" ¥ »® shown to exist as subunit aggregates, usually as hexamers (4,
&S ) ggreg Sually
<> o L @ L] @ @ @ 5, 13-18). The findings that the native enzyme from C.
8o o . 8 . DTS
2= © = je e e e @ difficile has a high molecular weight and that it is highl
ez » ™ < < < < < . . g . . ughly
& S n - - - - immunogenic probably help to explain why this protein was
Bs = < < < Izl < originally confused with toxin A. Toxin A preparations
SR =« @ » @ ©» ©» ) containing small amounts of contaminating glutamate dehy-
] 8 g g y
2 (] = > < < @ < drogenase would elicit high levels of antibody against the
o g Q > ] ] oy (9 L] PO cer . . . :
o5 protein in addition to antibodies against the toxin. Therefore,
= latex reagents utilizing these antibodies would not distin-
"ég o= o §' k=10 guish between toxigenic and nontoxigenic isolates, since
2SS BB g ) E e 3 nontoxigenic isolates produce as much glutamate dehydrog-
4] I i1 g ~ th enase as do toxigenic isolates.
e B B 5 8 8 5 k Glutamate dehydrogenases, which reversibly catalyze the
8 3 B S »r - N -y amination of a-ketoglutarate to glutamate and the deamina-
£ H & z Z . .
20 = = tion of glutamate to a-ketoglutarate, have been of interest

because of their role in nitrogen metabolism and their



2642 NOTES

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.
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