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Expression and validation of D-erythrulose 1-phosphate dehydrogenase
from Brucella abortus: a diagnostic reagent for bovine brucellosis

Hyungjin Eoh, Bo-Young Jeon, Zhiyeol Kim, Seung-Cheol Kim, Sang-Nae Cho1

Abstract. Brucella abortus is a bacterium of brucellosis causing abortion in cattle. The diagnosis of bovine
brucellosis mainly relies on serologic tests using smooth lipopolysaccharide (S-LPS) from B. abortus. However,
the usefulness of this method is limited by false-positive reactions due to cross-reaction with other Gram-
negative bacteria. In the present study, the eryC gene encoding B. abortus D-erythrulose 1-phosphate
dehydrogenase, which is involved in the erythritol metabolism in virulent B. abortus strain but is absent from a
B. abortus vaccine strain (S19), was cloned. Recombinant EryC was expressed and purified for the evaluation
as a diagnostic reagent for bovine brucellosis. Other B. abortus proteins, Omp16, PP26, and CP39 were also
purified and their seroreactivities were compared. Recombinant EryC, Omp16, PP26, and PP39 were all
reactive to B. abortus-positive serum. The specificity of recombinant Omp16, PP26, CP39, and EryC, were
shown to be approximately 98%, whereas that of B. abortus whole cell lysates was shown to be 95%. The
sensitivity of Omp16, PP26, CP39, and EryC were 10%, 51%, 64%, and 43%, respectively, whereas that of B.
abortus whole cell lysates was 53%. These results suggested that B. abortus EryC would be a potential reagent
for diagnosis for bovine brucellosis as a single protein antigen.

Key words: Brucella abortus; diagnosis; enzyme-linked immunosorbent assay; EryC; smooth lipopolysac-
charide.

Introduction

Brucella abortus (order Rhizobiales, family Brucel-
laceae), the etiologic agent of bovine brucellosis, is
facultative intracellular Gram-negative bacteria.5

Bovine brucellosis primarily affects cattle, and causes
abortion and decreases reproductive efficacy, leading
to economic losses.23 Brucella abortus is also able to
infect human beings, resulting in a public health
problem, especially in developing countries.23

Bovine brucellosis control programs mainly rely on
individual tests and eradication by slaughter. There-
fore, an early and correct diagnosis is essential for the
treatment of bovine brucellosis. Current diagnosis of
bovine brucellosis is mainly based on the detection of
antibodies against B. abortus.42 Thus, various sero-
logic tests are used to diagnose B. abortus-infected
animals as early as possible after infection.1,18 Most
serologic tests, including the standard tube aggluti-
nation test (TAT), are based on the smooth lipopoly-
saccharide (S-LPS) of B. abortus as an antigen.21

Although the S-LPS is widely used, as it is a highly
immunogenic and dominant antigen, it has a critical
defect in that it cross-reacts with other Gram-negative
bacteria, such as Yersinia enterocolitica O:9,15 Esch-
erichia coli O:116/O157,25 Salmonella urbana,26 Fran-
cisella tularensis,2 Vibrio cholerae,17 Pseudomonas
maltophilia,8 and Pasteurella multocida.11 These
cross-reactions generate false-positive results, thus
impeding accurate diagnosis of bovine brucellosis.41

For the purpose of discriminating infected and
vaccinated animals, the B. abortus RB51 vaccine
strain, which expresses weak O-antigen of LPS, has
been practiced.37 However, possibly serologic tests
using the S-LPS could not distinguish between B.
abortus infection and the B. abortus S19 vaccine
strain. This is another significant impediment in
diagnosing bovine brucellosis in countries where
vaccination using B. abortus S19 is practiced.27 To
alleviate this problem, a few B. abortus proteins have
been evaluated as alternate diagnostic reagents for
bovine brucellosis.9,13,14,20,30,39 These include the outer
membrane protein 16 kDa (Omp16),4 the periplasmic
protein 26 kDa (PP26),30 the cytoplasmic protein
39 kDa (CP39),9 and brucellin.19 However, Omp16
showed weak cross-reactivity with phylogenetically
related bacteria such as Ochrobactrum anthropi and
Phyllobacterium rubiacearum6 (also known as Phyllo-
bacterium myrsinacearum), and CP39 showed rela-
tively weak serologic responses.9 Therefore, novel
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B. abortus–specific antigens that are able to induce
high specificity and sensitivity for bovine brucellosis
are needed.7

Brucella abortus has a tropism for reproductive
organs and colonizes in the placenta and fetus of
pregnant cattle, where B. abortus uses the carbon
source erythritol,22 which accumulates in the repro-
ductive organs during the later phases of gesta-
tion.31,34 There are 4 open reading frames (ORFs) in
the ery operon of B. abortus that are involved in
erythritol metabolism. The eryA gene encodes puta-
tive erythritol kinase, the eryB gene encodes an
erythritol phosphate dehydrogenase, the eryC gene
encodes a D-erythrulose 1-phosphate dehydrogenase
(EryC), and the eryD gene encodes a regulator of ery
operon.32 The B. abortus S19 vaccine strain is unable
to use erythritol because the eryC gene is trun-
cated.35,36 Therefore, EryC may constitute a B.
abortus target antigen for diagnostic tests, as it would
distinguish the individuals infected with virulent B.
abortus strain from B. abortus S19 vaccinated
individuals.

In the current study, the B. abortus eryC gene was
cloned, expressed, and purified. Seroreactivity of
recombinant EryC, as a single protein antigen, was
validated as a potential diagnostic reagent for bovine
brucellosis using enzyme-linked immunosorbent as-
say (ELISA). Brucella abortus Omp16, PP26, and
CP39 were also expressed and purified, and their
seroreactivities were compared.

Materials and methods

Bacterial strains and culture conditions

Escherichia coli strains (Top10 and M15)a were used for
cloning and expression of B. abortus genes, respectively,
and were cultured on lysogeny broth (LB) media. The
virulent B. abortus S2308 strain was obtained from the
National Veterinary Research & Quarantine Service (An-
yang, Korea) and was grown in tryptic soy broth (TSB)b

supplemented with 5% bovine serum albumin (BSA)c at
37uC.

Serum samples

A total of 300 serum samples from cattle (100 TAT-
positive and 200 TAT-negative) were provided by the
Gyeonggi-do Veterinary Service (Suwon, Korea). The
TAT-positive serum samples (n 5 100) were used as
positive controls for bovine brucellosis in the validation of
B. abortus proteins. A group of randomly selected TAT-
negative serum samples (n 5 43) was used as negative
controls for recombinant Omp16, PP26, and CP39, and the
other group of TAT-negative serum samples (n 5 93) was
used as negative controls for recombinant EryC. Brucella
abortus whole cell lysates were also used as ELISA antigen
for bovine brucellosis. Control B. abortus–positive and B.
abortus–negative serum samples were provided by the U.S.

Department of Agriculture (USDA; Washington, DC) and
were used for validation of recombinant B. abortus proteins
by Western blot analysis.

PCR amplification and cloning of omp16, pp26, cp39,
and eryC

The sequences of B. abortus S2308 omp16, pp26, cp39,
and eryC genes were obtained from GenBank,d and were
amplified by polymerase chain reaction (PCR) using
oligonucleotide primers harboring appropriate restriction
enzyme sites (Table 1). The PCR-amplified genes were
ligated into the pT7 blue vector,e and their sequences were
confirmed.

Expression and purification of recombinant Omp16, PP26,
CP39, and EryC

All 4 genes were ligated into the pQE30 expression
vectorf after digestion with corresponding restriction
enzymes, affording pQE30::omp16, pQE30::pp26, pQE30::
cp39, and pQE30::eryC. These constructs were then used to
transform E. coli Top10, and then amplified using a
commercial kit.f The expression constructs (pQE30::omp16,
pQE30::pp26, pQE30::cp39, and pQE30::eryC ) were used to
transform E. coli M15 creating M15[pQE30::omp16 ],
M15[pQE30::pp26 ], M15[pQE30::cp39], and M15[pQE30::
eryC ]. Cells were grown to an optical density (OD) of 0.6 at a
wavelength of 600 nm (OD600) in LB media containing 100 mg/
ml ampicillin and 50 mg/ml kanamycin, treated with 0.5 mM of
isopropyl beta-D-thiogalactoside (IPTG) at 37uC for 4 more
hr, recovered by centrifugation, and resuspended in binding
buffer (6.0 M guanidine HCl, 0.1 M sodium phosphate, 0.01 M
Tris-HCl at pH 8.0). The mixture was rocked for 1 hr at room
temperature and centrifuged, and the supernatant was
collected. A high-yield, homogenous preparation of B. abortus
proteins were obtained using a nickel–nitrilotriacetic acid (Ni-
NTA) resin, according to the standard procedures described
by the manufacturer.g Briefly, the supernatants were added to
the equilibrated Ni-NTA agarose in a 1:10 volume ratio. The
bead slurry was then washed with 10 volumes of 50 mM
sodium phosphate, 300 mM NaCl, 10% glycerol, and 20 mM
imidazole (pH 8.0). Recombinant Omp16, PP26, CP39, and
EryC were eluted with 300 mM or 500 mM imidazole in
50 mM sodium phosphate, 300 mM NaCl, and 10% glycerol
(pH 6.0). The eluted proteins were dialyzed with phosphate
buffered saline (PBS; pH 7.4) for 48 hr at 4uC.

Western blot analysis

The recombinant B. abortus proteins were analyzed by a
discontinuous sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE), and the expression of the
proteins were visualized by staining with Coomassie
Brilliant Blue 250R. Proteins resolved by SDS-PAGE were
electrophoretically transferred onto a nitrocellulose mem-
brane for Western blot analysis. Membranes were in-
cubated in PBS containing 0.05% Tween 20 and 5% normal
goat serum (PBST-NGS) at room temperature for 1 hr and
then incubated with a 1:300 dilution of B. abortus–positive
and B. abortus–negative sera, provided from USDA, for
1 hr. The membranes were washed 4 times and subsequently
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treated with horseradish peroxidase (HRP)-conjugated goat
antibovine immunoglobulin G (IgG) antibodiesh at a
1:10,000 dilution for 1 hr at room temperature. Protein
binding was detected using a commercial immunoblot
system.i

Whole cell lysate preparation

Brucella abortus cells were cultured for 3–4 days in TSB
supplemented with 5% BSA and harvested by centrifuga-
tion at 4,000 rcf for 10 min. To eliminate the residual
media, the recovered bacteria were washed with PBS and
heat inactivated at 120uC for 15 min after adjusting the
number of bacteria at McFarland 3.0 (9 3 108/ml).16 After
centrifugation, the pellet was lyophilized and dissolved in
appropriate buffer for further study.

Indirect enzyme-linked immunosorbent assays

The ELISAs were performed to evaluate the reactivity of
recombinant B. abortus proteins as previously de-
scribed.28 Ninety-six–well enzyme immunoassay (EIA)
platesj were coated overnight with 1.5 mg/ml Omp16,
1.0 mg/ml PP26, 2.0 mg/ml CP39, or 1.5 mg/ml EryC, or
with 2 mg/ml B. abortus whole cell lysates diluted in
100 ml of polycarbonate buffer (pH 9.6) at 4uC. Plates
were then washed and blocked with PBST-NGS. Serum
samples, diluted (1:300) in PBST-NGS, were added to
the wells and incubated for 1 hr at 37uC. The bound
antibodies were detected with HRP-conjugated goat
antibovine IgGh (1:20,000 dilution). After washing 6
times with PBST, an enzyme substrate solution contain-
ing O-phenylenediaminec and hydrogen peroxidase was
added to the plates, and the plates were incubated for
15 min in the dark. The reaction was stopped by the
addition of 2.5 N H2SO4. The absorbance was read at
490 nm using an automatic ELISA plate reader.k Each
serum sample was assayed in duplicate, and the mean
absorbance of carbonate buffer control wells was
subtracted for the mean absorbance of B. abortus
antigen-coated wells. The cutoff was defined as the
mean absorbance value plus 3 standard deviations of the
optical density (OD) values measured in the negative
control samples, as previously described.29 The TAT-
negative serum samples were included as negative
controls. Specificities and sensitivities of ELISA results
using the recombinant B. abortus proteins were calcu-
lated as previously described.12

Statistical analysis

Statistical significances of the specificities and sensitivi-
ties for each protein antigen were determined by the
analysis of variance test using the GraphPad Prism (version
4.0) program,l and differences were considered significant
when P values were ,0.05.

Results

Cloning, expression, and purification of B. abortus omp16,
pp26, cp39, and eryC

The PCR-amplified omp16, pp26, cp39, and eryC
genes were ligated into the pT7 blue vector,
subcloned into the pQE30 vector after enzyme
digestion, and expressed in E. coli M15 cells. All 4
purified recombinant Omp16, PP26, CP39, and
EryC proteins were analyzed by SDS-PAGE, and
the gels were stained with Coomassie Brilliant Blue
250R (Fig. 1A). The molecular masses of Omp16,
PP26, and CP39 were approximately 16, 26, and
39 kDa, respectively. Two protein bands were
observed in the lane of purified EryC (Fig. 1A).
The size of the upper band in SDS-PAGE gel was
approximately 36 kDa, corresponding to the ex-
pected molecular mass of EryC. The unexpected
lower band was shown at the position of approxi-
mately 26 kDa in the lane.

Western blot analysis of recombinant Omp16, PP26, CP39
and EryC

The identification of purified recombinant B.
abortus Omp16, PP26, CP39, and EryC were con-
firmed by Western blot analysis using B. abortus–
positive or B. abortus–negative sera. All 4 B. abortus
proteins were reactive to B. abortus–positive serum
(Fig. 1B), but not reactive to B. abortus–negative
serum (data not shown). Recombinant Omp16 and
CP39 reacted strongly to B. abortus–positive serum,
whereas PP26 did relatively low. Only the upper EryC
protein band reacted to B. abortus–positive serum,
suggesting that the lower EryC protein band contains
no antigenic epitope for generating corresponding
antibody in cattle. These results suggest that all 4

Table 1. Oligonucleotide primers for cloning Brucella abortus genes.*

Primer sequences Restriction enzyme

Omp16 Forward GGATCCATGCGCCGTATCCAGTCGATTGCA BamHI
Reverse AAGCTTACCGTCCGGCCCCGTTGAGAAC HindIII

PP26 Forward GGATCCATGAACACTCGTGCTAGC BamHI
Reverse AAGCTTCATACCCCGGCTATTTAC HindIII

CP39 Forward GGATCCGTGACGTCCGGCGGCGAAG BamHI
Reverse CTGCAGTTATTTTGCGGCTTCAACCGCCAC PstI

EryC Forward GGATCCACAACGCCAATCTAGTTC BamHI
Reverse GCATGCATCTGCCATTGAACGCGG BbuI

* Restriction sites are underlined.
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recombinant B. abortus proteins used in the current
study are reactive to anti–B. abortus sera.

Determination of seroreactivity of recombinant Omp16,
PP26, CP39, and EryC using indirect ELISA

The seroreactivity of recombinant Omp16, PP26,
CP39, and EryC was determined using an indirect
ELISA. A total of 300 serum samples (100 TAT-
positive and 200 TAT-negative) were used as sources
of B. abortus antibody. The 300 serum samples were
prediagnosed using TAT, the standard test of bovine
brucellosis in Korea. The mean absorbance values for
TAT-negative serum samples were measured to be
0.15, 0.14, 0.05, and 0.12 when recombinant Omp16,
PP26, CP39, and EryC were used as antigens,
respectively. The mean absorbance value of B. abortus
whole cell lysates for TAT-negative serum samples
was measured to be 0.20 (Fig. 2). The mean
absorbance value of recombinant CP39 for TAT-
negative serum samples was significantly lower than
those of other proteins and of B. abortus whole cell
lysates (P , 0.001). The mean absorbance value of
recombinant EryC for TAT-negative serum samples
was significantly lower than that of B. abortus whole
cell lysates (P , 0.05). The mean absorbance values
for TAT-positive serum samples were measured to be
0.34, 1.06, 0.36, 0.69, and 0.83 when recombinant
Omp16, PP26, CP39, and EryC and B. abortus whole
cell lysates were used as antigens, respectively. The
mean absorbance value of recombinant PP26 for

TAT-positive serum samples was significantly higher
than those of the other proteins (P , 0.001) and that
of B. abortus whole cell lysates (P , 0.05). The mean
absorbance value of recombinant EryC for TAT-
positive serum samples was higher than that of
Omp16 (P , 0.001) or CP39 (P , 0.001). The
sensitivities for recombinant Omp16, PP26, CP39,
and EryC and for B. abortus whole cell lysates against
TAT-positive serum samples were calculated to be
10%, 51%, 64%, 43%, and 53%, respectively (Table 2).
Although the sensitivity of recombinant CP39 was
highest, the overall absorbance values of positive or
negative samples were relatively lower than those
obtained when other proteins were used as antigens.
The sensitivity of the recombinant PP26 was compa-
rable to that of B. abortus whole cell lysates. The
sensitivity of recombinant EryC was considerably
comparable to that of PP26 or B. abortus whole cell
lysates. The specificities of recombinant Omp16, PP26,
CP39, and EryC were calculated to be 97.7%, 97.7%,
97.7%, and 97.8%, respectively, whereas the specificity
of B. abortus whole cell lysates was calculated to be
94.6%. These results indicate that recombinant PP26
and EryC react strongly toward bovine brucellosis
serum samples and could serve as single diagnostic
protein reagents for bovine brucellosis.

Discussion

Most serologic tests for bovine brucellosis are
based on the detection of antibodies reacting to the

Figure 1. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) analysis and Western blot analysis of
recombinant Brucella abortus proteins. A, SDS-PAGE analysis of recombinant B. abortus proteins. Lane 1: molecular weight marker;
lane 2: Omp16; lane 3: PP26; lane 4: CP39; and lane 5: EryC. Recombinant B. abortus proteins in SDS-PAGE gels were stained with
Coomassie Brilliant Blue 250R. B, Western blot analysis of the purified proteins was performed using B. abortus–positive serum samples.
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B. abortus S-LPS antigen. Although the S-LPS
antigen is highly immunogenic, it shares epitopes
with other bacterial LPS antigens, possibly leading to
false-positive reactions. The identification of new B.
abortus–specific protein antigens as diagnostic re-
agents is needed to improve the quality of diagnosis
of bovine brucellosis. Although the outer membrane
proteins,4,5,20,38,39 periplasmic proteins,18,30,33 or cyto-
plasmic proteins9,13 of B. abortus have been explored
as a diagnostic reagent for bovine brucellosis, the
serologic test using them is far from ideal.

In the present study, the seroreactivity of a novel B.
abortus protein EryC, using an indirect ELISA with
TAT-positive and TAT-negative serum samples, was
determined. Among B. abortus proteins previously
reported, Omp16 reacted strongly to B. abortus–
positive cattle serum shown by Western blot analysis,
but the sensitivity was relatively low (10%). The
results obtained herein are consistent with previous
reports that B. abortus Omp16 was immunogenic, but
its sensitivity was low due to cross-reactivity with
phylogenetically related other bacteria.7,40 Recombi-
nant CP39 generated low absorbance values in an
indirect ELISA. These results are consistent with a
report performed previously,9 which demonstrated

that the seroreactivity of 39-kDa cytoplasmic protein
was relatively weak. Although recombinant CP39 had
the highest sensitivity (64%), it may not be a good
diagnostic reagent for bovine brucellosis because its
seroreactivity was indistinguishable between TAT-
positive and TAT-negative serum samples. Recombi-
nant PP26, a periplasmic protein, reacted most
strongly to both B. abortus–positive serum samples
shown by Western blot analysis and to TAT-positive
serum samples by an indirect ELISA among the
protein antigens used in the current study. The
highest mean absorbance value was observed in the
ELISA using recombinant PP26 and TAT-positive
serum samples, and the sensitivity of recombinant
PP26 was comparable to that of B. abortus whole cell
lysates. These results are consistent with a previous
report, indicating that the 26-kDa periplasmic protein
had a high agreement with the conventional test for
bovine brucellosis.21

EryC, D-erythrulose 1-phosphate dehydrogenase, is
involved in erythritol metabolism. During recombi-
nant EryC protein purification, 2 bands were
observed on SDS-PAGE gel analysis. An upper band
corresponding to the correct EryC protein size was
reactive but the lower band, which is possibly either a
truncated form of EryC or nonspecifically eluted
protein during purification steps, was not reactive, as
shown by Western blot analysis. Recombinant EryC
had considerably high specificity (97.85%) and
reasonable sensitivity (43%). The mean absorbance
value of recombinant EryC for TAT-negative serum
samples was lower than that of B. abortus whole cell
lysates (P , 0.01) and comparable to that of PP26,
the best protein diagnostic reagent among B. abortus
proteins selected for the current study. The mean
absorbance value of recombinant EryC was quite
high, although it was relatively lower than that of
recombinant PP26 (P , 0.001) and that of B. abortus
whole cell lysates (P , 0.05). The agreement rate of

Figure 2. Seroreactivity of recombinant Omp16, PP26,
CP39, and EryC, and of Brucella abortus whole cell lysates, for
bovine brucellosis. Tube agglutination test (TAT)-positive serum
samples (n 5 100) were used as positive controls for bovine
brucellosis, and TAT-negative serum samples (n 5 43 or 93) were
used as negative controls to evaluate the seroreactivity of
recombinant B. abortus proteins used in the current study using
an indirect enzyme-linked immunosorbent assay with 1.5 mg/ml
Omp16, 1.0 mg/ml PP26, 2.0 mg/ml CP39, or 1.5 mg/ml EryC, or
with 2 mg/ml B. abortus whole cell lysates. Vertical bars represent
mean 6 SD and dotted lines represent cutoff values (0.83, 0.54,
0.14, 0.66, and 0.80 for Omp16, PP26, CP39, and EryC, and for B.
abortus whole cell lysates, respectively). OD 5 optical density.

Table 2. The sensitivity and specificity of the recombinant
Brucella abortus proteins and B. abortus whole cell lysates for
seropositive or seronegative sera determined by tube agglutination
test standard assay.

Sensitivity* Specificity{

Omp16 (10/100) 10% (42/43) 97.7%

PP26 (51/100) 51% (42/43) 97.7%

CP39 (64/100) 64% (42/43) 97.7%

EryC (43/100) 43% (91/93) 97.8%

B. abortus whole
cell lysates (53/100) 53% (88/93) 94.6%

* Sensitivity (%) 5 (number of seropositive serum samples/total
number of tested TAT-positive serum samples) 3 100.
{ Specificity (%) 5 (number of seronegative samples/total

number of tested TAT-negative serum samples) 3 100.
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recombinant EryC was 69.4% for bovine brucellosis,
whereas the agreement rate of recombinant PP26 was
65%. Recombinant EryC may also serve as a
diagnostic reagent for bovine brucellosis in that it is
better to apply to distinguish between cattle carrying
B. abortus S2308 strain and those vaccinated with B.
abortus S19, as S19 is null for eryC.

The sensitivity of B. abortus antigens was more
than 90% for bovine brucellosis in previous re-
ports,3,10,24 but in the current study, the sensitivity
of B. abortus whole cell lysates for TAT-positive
serum samples was approximately 50%. False-posi-
tive reactions may be present in TAT-negative
samples that were identified using S-LPS as a
diagnostic antigen, thus B. abortus–uninfected cattle
might be diagnosed as TAT positive. Other serologic
tests would be required to confirm this issue. In
Korea, bovine brucellosis is prevalent. Therefore, B.
abortus–infected cattle might also be diagnosed as
TAT negative, which could increase the cutoff value
due to high seroreactivity. The present study suggests
that a novel protein of B. abortus, EryC, as well as
PP26 may serve as diagnostic reagents for bovine
brucellosis, as these proteins had a high sensitivity
and specificity for bovine brucellosis. In addition,
EryC may be used to discriminate B. abortus–infected
cattle from B. abortus S19–vaccinated cattle.

Acknowledgements

This work was supported in part by a grant from the
Ministry of Agriculture, Forestry and Fisheries-Special
Grants Research Program (MAFF-SGRP) in Korea, by a
grant from the Korean Health 21 R&D Project, the
Ministry of Health and Welfare, Korea (A010381), and
by a grant from the Brain Korea Project for the Medical
Science in Yonsei University.

Sources and manufacturers

a. Invitrogen, Carlsbad, CA.

b. Difco, Detroit, MI.

c. Sigma Aldrich, St. Louis, MO.

d. National Center for Biotechnology Information of the
National Library of Medicine, Bethesda, MD.

e. Novagen, Darmstadt, Germany.

f. Qiagen Inc., Valencia, CA.

g. Clontech Laboratories Inc., Mountain View, CA.

h. KPL Inc., Gaithersburg, MD.

i. Amersham Pharmacia Biotech, Stockholm, Sweden.

j. Costar Corp., Cambridge, MA.

k. Molecular DevicesH, BioTek Instruments Inc., Hyland Park,
VA.

l. GraphPad Software, San Diego, CA.

References

1. Adams LG, Texas Agricultural Experiment Station: 1990,
Advances in brucellosis research, 1st ed. Texas A&M
University Press, College Station, TX.

2. Al Dahouk S, Nockler K, Tomaso H, et al.: 2005,
Seroprevalence of brucellosis, tularemia, and yersiniosis in
wild boars (Sus scrofa) from north-eastern Germany. J Vet
Med B Infect Dis Vet Public Health 52:444–455.

3. Ciftci C, Ozturk F, Oztekin A, et al.: 2005, [Comparison of the
serological tests used for the laboratory diagnosis of
brucellosis]. Mikrobiyol Bul 39:291–299. In Turkish. Abstract
in English.

4. Cloeckaert A, de Wergifosse P, Dubray G, Limet JN: 1990,
Identification of seven surface-exposed Brucella outer mem-
brane proteins by use of monoclonal antibodies: immunogold
labeling for electron microscopy and enzyme-linked immuno-
sorbent assay. Infect Immunol 58:3980–3987.

5. Cloeckaert A, Kerkhofs P, Limet JN: 1992, Antibody
response to Brucella outer membrane proteins in bovine
brucellosis: immunoblot analysis and competitive enzyme-
linked immunosorbent assay using monoclonal antibodies. J
Clin Microbiol 30:3168–3174.

6. Cloeckaert A, Tibor A, Zygmunt MS: 1999, Brucella outer
membrane lipoproteins share antigenic determinants with
bacteria of the family Rhizobiaceae. Clin Diagn Lab Immunol
6:627–629.

7. Connolly JP, Comerci D, Alefantis TG, et al.: 2006,
Proteomic analysis of Brucella abortus cell envelope and
identification of immunogenic candidate proteins for vaccine
development. Proteomics 6:3767–3780.

8. Corbel MJ, Stuart FA, Brewer RA: 1984, Observations on
serological cross-reactions between smooth Brucella species
and organisms of other genera. Dev Biol Stand 56:341–348.

9. Denoel PA, Vo TK, Tibor A, et al.: 1997, Characterization,
occurrence, and molecular cloning of a 39-kilodalton Brucella
abortus cytoplasmic protein immunodominant in cattle. Infect
Immunol 65:495–502.

10. Dohoo IR, Wright PF, Ruckerbauer GM, et al.: 1986, A
comparison of five serological tests for bovine brucellosis. Can
J Vet Res 50:485–493.

11. Durham JA, Antone SM, Cunningham MW, Confer AW:
1988, Monoclonal antibodies to Pasteurella haemolytica
serotype 1 lipopolysaccharide: demonstration of antigenic
similarities among several serotypes. J Clin Microbiol
26:885–889.

12. Galen RS, Gambino SR, eds.: 1975, Sensitivity, specificity,
prevalence and incidence. In: Beyond normality: the predictive
value and efficiency of medical diagnosis, pp. 10–14. John
Wiley & Sons, New York, NY.

13. Goldbaum FA, Leoni J, Wallach JC, Fossati CA: 1993,
Characterization of an 18-kilodalton Brucella cytoplasmic
protein which appears to be a serological marker of active
infection of both human and bovine brucellosis. J Clin
Microbiol 31:2141–2145.

14. Hemmen F, Weynants V, Scarcez T, et al.: 1995, Cloning and
sequence analysis of a newly identified Brucella abortus gene
and serological evaluation of the 17-kilodalton antigen that it
encodes. Clin Diagn Lab Immunol 2:263–267.

15. Kittelberger R, Bundesen PG, Cloeckaert A, et al.: 1998,
Serological cross-reactivity between Brucella abortus and Yer-
sinia enterocolitica 0:9: IV. Evaluation of the M- and C-epitope
antibody response for the specific detection of B. abortus
infections. Vet Microbiol 60:45–57.

16. Koch AL: 1970, Turbidity measurements of bacterial cultures
in some available commercial instruments. Anal Biochem
38:252–259.

17. Kumar S, Tuteja U, Batra HV: 2007, Generation and
characterization of murine monoclonal antibodies to genus-
specific 31-kilodalton recombinant cell surface protein of
Brucella abortus. Hybridoma (Larchmt) 26:211–216.

EryC protein for diagnosis of bovine brucellosis 529

 at International Relations on January 5, 2014vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/
http://vdi.sagepub.com/


18. Kumar S, Tuteja U, Kumar A, Batra HV: 2008, Expression
and purification of the 26 kDa periplasmic protein of Brucella
abortus: a reagent for the diagnosis of bovine brucellosis.
Biotechnol Appl Biochem 49:213–218.

19. Laudat P, Audurier A, Dubray G, et al.: 1984, [Counterim-
munoelectrophoresis of the brucellin antigen in the serological
diagnosis of brucellosis]. Dev Biol Stand 56:447–450. In
French.

20. Lindler LE, Hadfield TL, Tall BD, et al.: 1996, Cloning of a
Brucella melitensis group 3 antigen gene encoding Omp28, a
protein recognized by the humoral immune response during
human brucellosis. Infect Immunol 64:2490–2499.

21. Martin SW, Hudson MR: 1978, The effects of Brucella strain
19 vaccination on titers in the tube agglutination test: a case
control study. Can J Comp Med 42:35–42.

22. Meyer ME: 1967, Metabolic characterization of the genus
Brucella: VI. Growth stimulation by i-erythritol compared
with strain virulence for guinea pigs. J Bacteriol 93:996–1000.

23. Mikolon AB, Gardner IA, Hietala SK, et al.: 1998, Evaluation
of North American antibody detection tests for diagnosis of
brucellosis in goats. J Clin Microbiol 36:1716–1722.

24. Moyer NP, Evins GM, Pigott NE, et al.: 1987, Comparison of
serologic screening tests for brucellosis. J Clin Microbiol
25:1969–1972.

25. Nielsen K, Smith P, Widdison J, et al.: 2004, Serological
relationship between cattle exposed to Brucella abortus,
Yersinia enterocolitica O:9 and Escherichia coli O157:H7. Vet
Microbiol 100:25–30.

26. Nielsen K, Smith P, Yu WL, Halbert G: 2007, Salmonella
enterica serotype Urbana interference with brucellosis serol-
ogy. J Immunoassay Immunochem 28:289–296.

27. Olsen SC, Evans D, Hennager SG, et al.: 1996, Serologic
responses of Brucella abortus strain 19 calfhood-vaccinated
cattle following adult vaccination with strain RB51. J Vet
Diagn Invest 8:451–454.

28. Park JY, Cho SN, Youn JK, et al.: 1992, Detection of
antibodies to human nerve antigens in sera from leprosy
patients by ELISA. Clin Exp Immunol 87:368–372.

29. Richardson MD, Turner A, Warnock DW, Llewellyn PA:
1983, Computer-assisted rapid enzyme-linked immunosorbent
assay (ELISA) in the serological diagnosis of aspergillosis. J
Immunol Methods 56:201–207.

30. Rossetti OL, Arese AI, Boschiroli ML, Cravero SL: 1996,
Cloning of Brucella abortus gene and characterization of

expressed 26-kilodalton periplasmic protein: potential use for

diagnosis. J Clin Microbiol 34:165–169.

31. Samartino LE, Enright FM: 1993, Pathogenesis of abortion of
bovine brucellosis. Comp Immunol Microbiol Infect Dis

16:95–101.

32. Sangari FJ, Aguero J, Garcia-Lobo JM: 2000, The genes for
erythritol catabolism are organized as an inducible operon in

Brucella abortus. Microbiology 146(Pt 2):487–495.

33. Seco-Mediavilla P, Verger JM, Grayon M, et al.: 2003,
Epitope mapping of the Brucella melitensis BP26 immuno-

genic protein: usefulness for diagnosis of sheep brucellosis.

Clin Diagn Lab Immunol 10:647–651.

34. Smith H, Williams AE, Pearce JH, et al.: 1962, Foetal

erythritol: a cause of the localization of Brucella abortus in

bovine contagious abortion. Nature 193:47–49.

35. Sperry JF, Robertson DC: 1975, Erythritol catabolism by
Brucella abortus. J Bacteriol 121:619–630.

36. Sperry JF, Robertson DC: 1975, Inhibition of growth by

erythritol catabolism in Brucella abortus. J Bacteriol
124:391–397.

37. Stevens MG, Olsen SC: 1996, Antibody responses to Brucella

abortus 2308 in cattle vaccinated with B. abortus RB51. Infect
Immunol 64:1030–1034.

38. Tibor A, Saman E, de Wergifosse P, et al.: 1996, Molecular

characterization, occurrence, and immunogenicity in infected
sheep and cattle of two minor outer membrane proteins of

Brucella abortus. Infect Immunol 64:100–107.

39. Tibor A, Weynants V, Denoel P, et al.: 1994, Molecular
cloning, nucleotide sequence, and occurrence of a 16.5-

kilodalton outer membrane protein of Brucella abortus with

similarity to pal lipoproteins. Infect Immunol 62:3633–
3639.

40. Velasco J, Diaz R, Grillo MJ, et al.: 1997, Antibody and

delayed-type hypersensitivity responses to Ochrobactrum

anthropi cytosolic and outer membrane antigens in infections
by smooth and rough Brucella spp. Clin Diagn Lab Immunol

4:279–284.

41. Weynants V, Tibor A, Denoel PA, et al.: 1996, Infection of
cattle with Yersinia enterocolitica O:9 a cause of the false

positive serological reactions in bovine brucellosis diagnostic

tests. Vet Microbiol 48:101–112.

42. Young EJ: 1995, Brucellosis: current epidemiology, diagnosis,

and management. Curr Clin Top Infect Dis 15:115–128.

530 Eoh et al.

 at International Relations on January 5, 2014vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/
http://vdi.sagepub.com/


Journal of Veterinary Diagnostic Investigation
24(4) 813
© 2012 The Author(s)
Reprints and permission: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1040638712450578
http://jvdi.sagepub.com

Erratum

450578 JVDXXX10.1177/1040638712450578

Corrigendum

Stegelmeier, BL, et al.: 2010, Experimental rayless goldenrod (Isocoma pluriflora) toxicosis in goats. J Vet Diagn Invest. 22: 570–577

In the article “Experimental rayless goldenrod (Isocoma pluriflora) toxicosis in goats” by Bryan L. Stegelmeier et al., the 
published mean body weight and the means and statistics of serum biochemistries were carried out on groups of 4 animals, 
not 3, as described in the Material and Methods section. The additional animal in each group was part of an auxiliary physi-
ologic study and though the animals were dosed and treated the same, they were not necropsied and were not included in the 
histologic study. To correct this oversight, the corrected weight and chemistry table (shaded cells indicate corrected numbers) 
are listed below. The differences are minimal and do not alter the conclusions. In addition, reference 7 has been deleted.

Material and Methods: “Fifteen, yearling, female Spanish goats weighing 29.4 ± 3.4 kg (mean ± standard deviation) were 
randomly divided into 5 groups with 3 animals per group.”

References: Reference 7 should be deleted

Corrected Table 1. Selected mean serum biochemical data from groups of 3 goats dosed with rayless goldenrod (Isocoma pluriflora) 
to obtain benzofuran ketone doses of 0, 10, 20, 40, and 60 mg/kg body weight for 7 days.*

Serum result (mean ± standard deviation)

Serum test (reference range†) Dose Day 0 Day 3 Day 6 Day 7

Creatinine kinase (< 350 U/l) 0 226 ± 93 107 ± 6 73 ± 16a 66 ± 30a

  10 226 ± 160 118 ± 8 206 ± 184a 495 ± 623ab

  20 967 ± 1233 306 ± 276 240 ± 113a 497 ± 277ab

  40 125 ± 18 117 ± 24 6,699 ± 5,329b 16,270 ± 11,054b

  60 202 ± 93 202 ± 124 2,987 ± 3,701a 10,433 ± 4,326ab

Cardiac troponin-I (<0.40 U/l‡) 0 <0.02 ± 0.0 <0.02 ± 0.0 <0.02 ± 0.0 <0.02 ± 0.0
  10 <0.02 ± 0.0 <0.02 ± 0.0 <0.02 ± 0.0 <0.02 ± 0.0
  20 <0.02 ± 0.0 0.17 ± 0.26 0.05 ± 0.03 <0.02 ± 0.0
  40 <0.02 ± 0.0 <0.02 ± 0.0 1.98 ± 3.39 1.79 ± 2.97
  60 <0.02 ± 0.0 <0.02 ± 0.0 1.38 ± 2.31 0.13 ± 0.18
Aspartate aminotransferase (<125 U/l) 0 96 ± 7 91 ± 6 83 ± 2a 72 ± 3a

  10 147 ± 69 104 ± 11 89 ± 8a 97 ± 13a

  20 164 ± 82 284 ± 248 293 ± 252ab 376 ± 256a

  40 112 ± 17 102 ± 12 991 ± 184c 3,277 ± 1,556b

  60 96 ± 13 115 ± 31 819 ± 571bc 2,095 ± 1,333b

Alanine aminotransferase (<55 U/l) 0 39 ± 3 37 ± 3 38 ± 0a 43 ± 18a

  10 44 ± 1 42 ± 3 39 ± 2a 37 ± 1a

  20 41 ± 9 57 ± 34 63 ± 38ab 61 ± 25a

  40 46 ± 2 44 ± 4 134 ± 24a 333 ± 127b

  60 40 ± 7 44 ± 5 118 ± 84ab 267 ± 176b

Lactate dehydrogenase (<1,560 U/l) 0 1,061 ± 145 1,075 ± 62 875 ± 213a 573 ± 115a

  10 1,334 ± 668 1,050 ± 223 942 ± 265a 709 ± 182a

  20 1,650 ± 1,546 2,617 ± 2,685 1,185 ± 449a 753 ± 447a

  40 1,054 ± 201 1,162 ± 130 5,996 ± 2,491b 9,891 ± 3,210b

  60 1,026 ± 287 1,277 ± 348 3,623 ± 2,924ab 7,011 ± 5,205a

*Different means (<0.05) between groups are indicated with superscript letters.
†Estimates of normal range were determined as 2 standard deviations from mean values of control goats and pretreatment samples. These ranges are 
probably laboratory and assay specific.
‡Cardiac troponin-I concentrations below detection limits are reported as <0.02 ng/ml.


