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The gene coding for a putative 19-kDa arthritogenic antigen of Yersinia enterocolitica O:3 (A. K. H. Mertz
et al., J. Clin. Invest. 87:632-642, 1991) was cloned and sequenced after amplification of part of the gene by
the polymerase chain reaction using degenerate primers, inferred from the amino acid sequence. The deduced
amino acid sequence of the antigen showed similarity to small subunits of ureases from several different
organisms, including the jack bean urease. Screening of a genomic library of Y. enterocolitica O:3 with a
19-kDa-antigen-specific DNA probe allowed recombinant clones containing the entire urease operon to be
obtained. These clones expressed urease activity in Escherichia coli.

Yersinia enterocolitica serotype O:3 strains cause infec-
tions accompanied by enterocolitis and mesenterial lymph-
adenitis (26). Patients with certain HLA types, especially
those positive for HLA-B27, quite often develop postinfec-
tious symptoms, such as reactive arthritis, erythema no-
dosum, and uveitis (26). Despite intensive efforts in many
laboratories to identify the bacterial arthritogenic factor(s),
only minimal progress has been made. A putative bacterial
arthritogen is lipopolysaccharide, which has been found in
synovial fluid cells of affected joints (9). Another putative
arthritogen is a cationic 19-kDa antigen derived from Y.
enterocolitica O:3, which when injected intra-articularly into
preimmunized rats triggered joint inflammation (16). In this
study, we further characterized the 19-kDa antigen and
identified it as a small B-subunit of urease.

MATERIALS AND METHODS

Bacterial strains and plasmids. A Y. enterocolitica sero-
type O:3 strain isolated from a case of enteritis (Freiburg
strain 10543) was used as a source for purifying the 19-kDa
antigen (16). Y. enterocolitica O:3 strain 6471/76-c (23) was
used for the construction of the genomic library (1). The
cloning vector in the library was pBR322 (5). Recombinant
plasmids isolated from this library are shown in Fig. 2.
Bacteriophage M13mp18 (17) was used as a vector in single-
stranded sequencing. Escherichia coli C600 (2) and JM103
(17) were used as host strains for the genomic library and
M13mpl8, respectively.

Construction of the genomic library. The genomic library
has been described earlier (1). Briefly, the genomic DNA of
6471/76-c was partially digested with restriction endonucle-
ase Sau3Al, and fragments larger than 6 kb were isolated by
preparative electrophoresis. These fragments were ligated to
plasmid pBR322, which was opened with restriction endo-
nuclease BamHI.

PCR. Polymerase chain reaction (PCR) was performed by
using degenerate oligonucleotide combinations PrS and Pr3
(see Results). Amplification was carried out in a reaction
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mixture containing 20 ng of Y. enterocolitica genomic DNA,
300 pmol of each oligonucleotide combination, 200 pM each
deoxynucleoside triphosphate, and 2.5 U of Tag polymerase
(Boehringer GmbH, Mannheim, Germany) in 10 mM Tris-
HCI-1.5 mM MgCl,-50 mM KCl plus 1 mg of gelatin per ml
in a reaction volume of 100 ul at pH 8.3 at 20°C. Amplifica-
tion for 30 cycles was carried out under the following
conditions: denaturation at 94°C for 45 s, annealing at 35°C
for 1 min, and extension at 72°C for 2 min.

Purification of the 19-kDa antigen. Purification of the
19-kDa antigen has been described in detail earlier (16). Y.
enterocolitica O:3 strain 10543 was grown in brain heart
infusion medium at 30°C. Fifty grams of washed cells was
disrupted in a Braun homogenizer, and after DNase treat-
ment, the ribosomal pellet was obtained by differential
centrifugation. This pellet was acid extracted, and the solu-
ble fraction was dialyzed to neutrality. Further purification
was performed on a fast protein liquid chromatography
system (Pharmacia-LKB, Uppsala, Sweden) using a mono-S
cation exchanger and a sodium chloride salt gradient (0.15 to
2.0 M); a highly purified fraction eluted at 0.3 M NaCl in low
quantities was employed in this study.

Amino-terminal sequence determination of the 19-kDa an-
tigen and its tryptic peptides. Two hundred micrograms of
protein was digested with 4 pg of sequencing-grade trypsin
for 4 h at 37°C in 300 .l of phosphate-buffered saline (PBS)
buffer, adjusted to pH 8.0. The fragments were separated on
a reversed-phase high-pressure liquid chromatography
(HPLC) column (PEP-S; Pharmacia) by 0.1% trifluoroacetic
acid-acetonitrile gradient elution as described earlier (22).
Peptides were sequenced in a pulsed-liquid gas-phase se-
quencer with on-line identification of the amino acid deriv-
atives (models 477A and 120A; Applied Biosystems, Foster
City, Calif.) according to the manufacturer’s instructions.
The N-terminal sequence on 60 ug of the whole protein was
determined in the same way.

SDS-PAGE and immunoblotting. A total cell lysate of
bacteria was prepared by sonicating about 200 mg of bacteria
(wet weight) in 1 ml of PBS containing a protease inhibitor.
Sodium dodecyl! sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed as described previously (3) by
using a 4% stacking gel and a 12.6% separating gel. The
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TABLE 1. Amino acid sequences of proteolytic fragments and of the amino terminus of the intact protein

Peptide

Sequence”

Positions in deduced

sequence®
NH, terminus STKTNSTKAT SEKTDSLKTN RGTKSSAGYS EQNTPLGGxI LAD 2-44 (C)
Peak 7 AAAYGK + GFK° 88-93, 159-161
Peak 8 TDSLK 15-19
Peak 12 ALEFDR 82-87
Peak 15 LNISSTTAIR 95-104
Peak 20 NTGDRPIQVG SxF 62-74 (H)
Peak 27 FEPGDET 105-111
Peak 31 QTLYGFNNLYV DGx,TGx,GVVP Nx,x,R 122-145 (W, E, S, E)
Peak 32 SSAGYSEQNT PLGGXILADT PITFN 26-50 (C)

“ x, an unidentified amino acid residue.

® See Fig. 4. Amino acids represented by “x’ under “‘Sequence” are identified in parentheses, as deduced from the DNA sequence.
¢ Peak 7 was interpreted in the first analysis as AFAYGK, but reanalysis after availability of the nucleotide sequencing data revealed that this peak contained

the two peptides AAAYGK and GFK.

separated bands were transferred to an Immobilon mem-
brane (Millipore, Molsheim, France) by electrotransfer. The
membrane was blocked with 10% skim milk in PBS and
incubated first with rabbit antiserum to the 19-kDa antigen
diluted 1:5,000 (16) and, after washing, with peroxidase-
conjugated goat anti-rabbit antibodies (Dianova) at a 1:4,000
dilution. Finally, the bound peroxidase was detected by
incubating the blot in substrate solution containing diami-
nobenzidine (Sigma, St. Louis, Mo.).

Antiserum to the 19-kDa polypeptide was raised in rabbits
by repeated immunization with purified antigen (see above)
in Freund’s complete adjuvant; a panel of mouse monoclonal
antibodies was also produced. Titer and specificity of the
antibodies were tested by Ouchterlony’s diffusion test and in
immunoblot. In the latter case, SDS-PAGE gels were run
under both native and reducing conditions; this switched the
antigen from a 38-kDa thiol-linked dimer to the 19-kDa
monomeric form, providing a further specificity control. The
antibodies obtained could be absorbed with the antigenic
fraction (16).

DNA techniques. Isolation of DNA, restriction digestions,
colony hybridizations, labelling of probes, and autoradiog-
raphy, etc., were performed by using standard techniques
(3). DNA sequencing was performed on single- and double-
stranded templates by the dideoxy chain termination method
using the Sequenase version 2.0 kit (United States Biochem-
icals), as recommended by the supplier. Primers for se-
quencing and for PCR were synthesized by using the PCR-
Mate DNA synthesizer (Applied Biosystems).

Computer analysis. The DNA sequences were handled by
the GENEUS (11) and Genetics Computer Group (Univer-
sity of Wisconsin) (7) program packages. Data bank searches
for homologous polypeptides were performed by the
TFASTA program (15). The amino acid sequences were
aligned by using the GAP and LINEUP programs, and the
consensus sequence was generated by the PRETTY pro-
gram.

Nucleotide sequence accession number. The nucleotide
sequence of the urease operon genes yeud, yeuB, and yeuC
of Y. enterocolitica O:3 has been submitted to the EMBL,
GenBank, and DDBJ nucleotide sequence data bases under
accession number Z18865.

RESULTS

Amino acid sequence determination for the 19-kDa protein
and its tryptic fragments. The 19-kDa protein was sequenced
from its N terminus to the 43rd residue. Tryptic peptides

generated from the whole protein were separated by re-
versed-phase HPLC and subjected to Edman degradation.
Table 1 shows the sequences obtained and a comparison
with the DNA-deduced primary structure (see below). These
results agreed completely.

PCR cloning. On the basis of the determined amino acid
sequence of the amino terminus and the peak 31 fragment,
two degenerate oligonucleotide combinations were con-
structed. Degenerate oligonucleotide Pr5 corresponds to
amino acids 2 to 10 of the amino-terminal sequence, and Pr3
corresponds to the amino acids present in the peak 31
fragment (Table 1). The codon usage in the published se-
quences of Y. enterocolitica was used as a guideline in
selecting the bases for wobble positions. Taking into account
the 19-kDa size of the intact protein (150 to 180 amino acids),
the anticipated length of the amplified PCR product could be
at most 500 bp (in case the peak 31 fragment is located close
to the carboxy terminus of the protein). Accordingly, if the
peak 31 fragment is located closer to the amino terminus of
the protein, the PCR product would be shorter. Thus, any
PCR product shorter than 500 bp could be considered
representative. Chromosomal DNA of Y. enterocolitica O:3
6471/76-c was used as a template, and upon amplification
under conditions given in Materials and Methods, several
fragments of different sizes, among which a fragment of
about 400 bp was dominant, were obtained. This fragment
was purified from a preparative agarose gel and cloned into
M13mpl8, and its DNA sequence was determined (Fig. 1).
One of the reading frames was open throughout the length of
the fragment and some of the sequenced peptides as well as
the amino-terminal amino acid sequence could be identified
from this open reading frame (Fig. 1 and Table 1).

The 400-bp fragment was used as a probe to screen the
genomic library of Y. enterocolitica O:3 previously cloned
into pBR322 (1). Nine positive clones were identified. The
recombinant plasmids of the clones were shown to carry six
different overlapping inserts of Y. enterocolitica DNA, rang-
ing in size between 3 and 13.5 kb. The restriction maps of
these plasmids are shown in Fig. 2.

Nucleotide sequence. The recombinant plasmid of one of
the recovered clones, p19kd-107, was used as a template to
determine the DNA sequence outside the sequenced 400-bp
PCR-amplified fragment. The whole sequence is shown in
Fig. 1.

It is interesting that the degenerate primers, constructed to
generate the 400-bp fragment by PCR, had significant homol-
ogy to the actual sequence only in their 3’ ends and that
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yeuA
¥ QL TPREVES KLMMTIYTTLSTDVATF
aaggtctagttaagttgtttttctcactttcactttett g fnﬂgggggggctf-v agttgaaaagctcatgatctacacgectgtctgatgtggegt

K RKPKARGL I KULNYU®PEA AV S ITITVTA AMETGARUDTGT K SVETDTVYVMEZKE
te g gegegtggettgaaactcaattatccggaagecgtttctattatcacagtgactgecaatggaaggggccagagatggcaaatccgtagaggatgtgatgaaag

A 8 K VLT KDUDVMMDGV ADULTIZPNVAOQVEATITFTDSGS®RULVTVHTIDTPTI
aag gt ttet tgatgtgatggatggggtggctgatctgattccgaatgttcaggttgaagecatttttaccgacggcagecgtttggtcacggtgcacgacecta

yeuB
K M 8 T K TN ST KAT S EKTTD S L KT
tcaaatgagtgacggcagcat cgagtaaaacctgatctgaacattgcag_ggattaaagcatgagcacaaagacaaatagcaccaaaqcaacgaghgaaa gatagctt g
SphI Prs

5/-tcaacta tt -3/
t a t t t t

N R GT K S 8 A G Y A EQNTUPULGGT CTIULAD T P I T F NENIKZ®PVTIEKUVI KYV
aaatagaggcactaaatcaagtgcaggttatgctgaacaaaataccccactcggtggetgecattttagecg gat tttaatgaaaataagcctgttaccaaagtgaaagt

R NT G DR UPI QV G S8 HF HF P EANURALEUPUDU RAAAY G KR RTULNTISS ST
teg gg g attcaggtggggtcacatttccatttctttgaagectaaccgegecactggaatttgacegegeggeggettacggaaaaagactgaatatctcttcaac

T A I RPEUPGDETEVZPULTIUPTFG 6 KQ TLYGPNUNILVDGWTGEGVYV
caccgcaatccgttttgaacccggtgatgaaaccgaagttcegttgattccttttggtggtaagcaaacactgtatggetttaataacctggtggatggttggactggtgaaggegtegt

ot 5¢

P N S E R P DKULEATIURU®RAAEU RGT FIKS S K *
t gcg gt .-ataaqctaqaggctattcgtcgtqcggccqaacgtggcttcaaatcgtccaaacgacaccctatctcactaaaaattatcgaaattcgcatacgtqcaat

tagctttaaccaatagatttcaagtttcagg t gatgagcta tgcaacttgaaagatgaaggttacgcgtaccggaaaaagaaaggagcgacag
sd

yeuC
M P Q I S RQEYAGULTFGEPTTGDI KTIU®RULSGUDTNTLTPFMOQTITETZ KUDTILTZ RTGEGTYG
ATGCCTCAAATTTCTCGGCAAGAATACGCGGGTCTATTTGGCCCAACGACTGGCGATAAAATCCGTTTGGGTGACACCAATCTATTTATGCAAATCGAAAAAGACCTGCGTGGATATGGT

E BE S VY G Q@ G K 8 L RDGMGANNU HTLTRIDNGS GTYTULETFSHNU QRIHEYT CSOC
GAAGAGTCGGTTTACGGTGGGGGTAAGTCATTGCGTGACGGGATGGGCGCGAATAACCATC TGACCCGCGATAACGGTGGTTACTTGGAATTTAGTCATAACCAACGTCACTATTGTTGT

S PP RV IKADTVGTIRUDGZ KTITVGTI G K 8 G NP GV M DGV TUPGULV YV G V
AGCCCGTTTAGGGTTATCAAAGCCGACGTC 'CCGTGAT 'AAAATTGT T AAAGTGGCAACCCAGGCGTGATGGACGGAGTTACACCTGGACTGGTGGTGGGGGTC

8§ T DAI 8G EHTLTITLTAAGTITUDTHTIUHTLTISZPOQOQATYHA ALTSNG GV VA ATTF
AGTACCGATGCCATTTCCGGTGAACATTTGATTCTCACTGCCGCCGGTATTGATACTCATATTCACTTAATTTCTCCACAACAGGCTTACCATGCGC TCTC TAATGGCGTGGCGACTTTC

P G G I GP TDGTNGTTVTPGZPWNTIRAO QMLTPERTSETYVEG GLTPVNTVG
TTGGCGGTGGGATTGGCCCAACTOATGGCACCAACGGGACGACAGTCACCCCCGGCCCGTGGAACATTCGCCAGATGCTGCGCTCAGTTGAAGGGCTGCCGGTCAACGTGGGTATTCTG

G K G N S Y G RGP LULEOQATIA AGVYVY VG Y K H E DW G A T AN AL RUESTLR
GGTAAABGTAACTCTTACGGCCGTGGCCCGTTGTTAGAACAGGCGATTGCCGGTGTTGTCGGCTATAAAGTCCACGAAGACTGGGGCGCGACAGCCAATGCCCTGCGCCATTCATTACGG

M A DEMDIQV SV HTDSLNUECUGYVEDTTIUDA AFPFPZEGRTTIUHTTFHTE
ATGGCGGATGAAATGGATATTCAGGTTTCCGTACATACCGACAGTTTGAACGAATGTGGTTATGTAGAAGACACCATTGATGCCTTCGAAGGCCGCACCATCCACACTTTCCACACCGAG

G AGGGHAPDTITIRVYVASGO QTPNTVTILPSSTNTPTULTPZYGV VNS SSI QA ATETULTFD
GGTGCGGGECGGGEGGCCATGCGCCGGATATCATCCGTGTTGCCAGTCAGCCTAACGTACTACCAAGTTCGACTAACCCAACCCTGCCATACGGGGTGAACAGCCAAGCCGAACTGTTCGAC

M I M V ¢C HN L NP NV P A DV 8 F A E S RVRUZPETTIAAMENVILHDM MGV VI
ATGATCATGGTGTGTCATAACCTCAACCCAAATGTACCTGCTGACGTCTCCTTTGCCGAAAGCCGTGTGCGCCCGGAAACCATCGCGGCAGAAAACGTTCTGCACGATATGGGGGTTATC

8 M F 8 8 D.8 Q A M G R YV G ENWI LRV MOQTANAMTEKA AZ SR RTGI KTULUZPETUDATPSG
TCCATGTTCTCCAGTGACTCACAAGCCA TG' AAAACTGGCTACGTGTGATGCAAACGGCTAATGCAATGAAAGCATCACGCGGCAAATTGCCAGAAGATGCGCCGGRT

N DN F RV VR Y VA KTITTINZPAIAQGV S HV I G 8V EV G KMADTLUVL
AACGATAACTTCCGCGTGGTGCGCTATGTGGCAAAAATCACCATTAACCCAGCGATTGCACAAGGTGTCAGCCATGTCATCGGTTCAGT TGAAGTGGGCAAAATGGCCGATCTGGTGCTG

W VPRUPFUPGAK?P KMV I KGGMTINUWAALAMGTDUPNASTLZPTUZPAOQPVFJYR
TGGGTACCGCGTTTCTTTGGTGCGAAACC TAAGATGGTTATCAAAGGCGGCATGATCAACTGGGCGGCAATGGGTGATCCGAACGCCTCATTACCAACCCCACAACCGGTGTTCTATCGT

P M FP G A MG KT NMXQDTOCV TVPFV S8 QA ALDUD GV YV KTERKA G L D R Q V I A V
CCAATGTTTGGCGCAATGGGTAAAACCATGCAAGACACC TGCGTCACCTTCGTTTCTCAGGCCGCGCTGGATGATGGCGTGAAAGAGAAAGCCGGGCTGGATCGCCAGGTTATTGCGGTT

K NCRT IS8 KHDILTVRNDU QTT®PNTIETVDTPETTFA AVIEKVYVDGYVHATT CTEFP
AAAAACTGCCGTACCATCTCTAAACATGACCTGGTGCGCAATGACCAAACACCAAACATTGAAGTGGATCCTGAAACCTTTGCGGTCAAAGTGGATGGCGTACATGCCACCTGTGAACCT

I DT AAMNDNUO QR YVFF G *
ATCGATACAGCAGCAATGAACCAGCGCTATTTC TTTGGTTGAGAGATGAGTCTGGACGTAAATCTAGTTTGTT TAAGCATTCAGT TTGCTCATGGTAAGTGTCATCTGGCGGTTGGATGG
Clal

GGCGACCAACAATGGTCGGGATGCGTGGCATAGAAACGGATTTCATTACTGTGGGCAACTGCTTTTGCCAAAAATACAGGCAAGGAGTCTATACATGATTTTGATA 2986

FIG. 1. Nucleotide sequence of the urease operon genes yeud, yeuB, and yeuC of Y. enterocolitica O:3. The positions and sequences of
the degenerate primer combinations, Pr3 and Pr5, deduced from amino acid sequences, are indicated. Note that none of the degenerate primér
combinations perfectly matched the genomic sequence. The sequences of the oligonucleotide pair incorporated into the cloned and sequenced
PCR product (see text) are given closest to the genomic sequence. Amino acid sequences of the open reading frames are given by the
one-letter code; stop codons are indicated (*). The ribosomal binding sequences (sd) and Sphl and Clal restriction sites are also indicated.

identity in a sequence as short as 8 nucleotides had been peptide fragments shown in Table 1 could be tracked to this
sufficient for initiation of amplification. open reading frame. The calculated size of the polypeptide

An

open reading frame which could code for a 164-amino- was 17.9 kDa, with a high pI of 10.2.

acid polypeptide was identified (Fig. 1). All the sequenced A second open reading frame was identified upstream of
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FIG. 2. Recombinant-DNA plasmids positive for the 19-kDa antigen probe. pBR322 DNA in the plasmids is shown as a shaded box, and
the Y. enterocolitica DNA is shown as a solid line. Restriction enzymes: E, EcoRI; H, HindIll; S, Sphl; C, Clal. Urease expression and the
19-kDa antigen expression of the clones carrying these plasmids are shown on the right. Only the EcoRI site of pBR322 is shown to indicate
its orientation. The arrow above the pl9kd-48 map indicates the position and the 5'-to-3’ direction of the pBR322-specific primer used to
determine the direction and location of the open reading frames shown by a thick line and arrow at the top.

the one described above. This frame had a coding capacity
for 102 amino acids. The calculated size of the polypeptide
was 11.3 kDa, with a pI of 5.95. An Sphl restriction site was
found between the open reading frames. The Sphkl site was
mapped in plasmid pl19kd-48 as shown in Fig. 2. In PCR
analysis, using pl9kd-48 as a template and Pr6 or Pr7
(positions 746 to 763 and 493 to 473, respectively, in Fig. 1)
together with a pBR322-specific primer (arrow above the
pl19kd-48 map in Fig. 2), a 2.3-kb amplified product was
obtained with the Pr6-containing PCR mixture while nothing
was amplified in the Pr7-containing PCR mixture (data not
shown). On the basis of this information, we could map the
open reading frames and their directions as shown in Fig. 2.

A third open reading frame was identified downstream of
the 19-kDa open reading frame. This open reading frame had
a coding capacity for 573 amino acids. The calculated size of
the polypeptide was 61.5 kDa, with a pI of 6.33.

The recombinant plasmids were analyzed by immunoblot-
ting with antiserum specific for the 19-kDa antigen (Fig. 3).
All of the plasmids expressed a 19-kDa antigen, immunolog-
ically identical to the Y. enterocolitica 19-kDa antigen (Fig.
3, lanes 1 to 3 and 5), as revealed by using polyclonal rabbit
and monoclonal mouse antibodies to the 19-kDa polypep-
tide. The host strain of the recombinant plasmids, E. coli
C600, was negative (Fig. 3, lane 4).

The 19-kDa protein is a urease subunit. The amino acid
sequences of the three open reading frames, deduced from
the nucleotide sequence, were compared with the Gen-
EMBL nucleotide data base by using the TFASTA program
of the Genetics Computer Group program package (7, 15).
Several high scores were obtained. All of these turned out to

be subunits of ureases (4, 6, 13, 14, 19-21, 24, 25). Align-
ments of the complete amino acid sequences of the 19-kDa
antigen and the polypeptides of the upstream and down-
stream open reading frames with the urease subunits are
shown in Fig. 4.

These findings led us to search for urease activity in the
clones identified from the Y. enterocolitica O:3 genomic
library. The clone carrying the largest plasmid, p19kd-15,
was clearly positive for urease activity, as tested by using
Christensen’s urea agar (Fig. 2). On the basis of these
results, the structural gene of the 19-kDa antigen was desig-
nated yeuB, the upstream gene was designated yeud, and the
downstream gene was designated yeuC (for Y. enterocolitica
urease).

il

5 M

FIG. 3. Expression of the 19-kDa antigen by Y. enterocolitica
O:3 strain 10543 and E. coli strains. Bacterial samples were sepa-
rated by SDS-PAGE and transferred to a nitrocellulose membrane.
Immunodetection was performed with a rabbit anti-19-kDa-antigen
antiserum and total cell lysates as antigens. Lane 1, E. coli C600/
p19kd-48; lane 2, E. coli C600/p19kd-107; lane 3, E. coli C600/p19kd-
15; lane 4, E. coli C600; lane 5, Y. enterocolitica 10543; lane M,
molecular weight markers.

1. 20 3 4
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A
Y. ent YeuA (1) MQLTPREVEK LMiYT1sdVA fKRKDKARGL KLNYPEAVsi ItvtaMEGAR DG.KsVeDvM kEaskVLTKD dAVMDGVaDLI pnVQVEAiPt DGsrLVTVHD PIk. (102)
H. pyl HpuA (1) MKLTPKELDK LMLhyAGelA kKR..kekGi KLNYVEAVrL ISahIMEeAR rGKKTaABLM QEGRT1LkpD dAVMDGVasMI hEVGIEAmFP DGTKLVTVHt PIe. (101)
H. pyl UreA (1) MKLTPKBLDK LMLhyAGelA kKR..kekGi KLNYVEAVAL ISahIMEeAR aGkKTaAELM QEGRT1LkpD AVMDGVasMI hEVGIEBAmFP DGTKLVTVHt PIe. (101)
K1. aer UreA (1) MeLTPREKDK LLLFPTAalVA ErR..LARGL KLNYPESVAL ISafIMEGAR DG.KsVAsLM ¢BGRhVLTIrE QVMEGVPEMI DPDIQVEATFP DGsKLVTVHn PIi. (100)
L. fer gamma (1) MrLTKREQEK MMislAGmIA EKR..kdRGL KLNQPEAVAL ItsZlLEGAR DG.KTVgELM nEGATwLTKD dVMEGIPEMI DPmIQVEATFP DGTKLITVtD PIr. (100)
P. mir UreA (1) MeLTPREXDK LLLFTAGLVA ErR..LAKGL KLNYPErVAL IScaIMEGAR EG.KTVAQLM sRGRTVLTaE QVMEGVPEMI kDVQVECTFP DGTKLVsIHEs PIv. (100)
P. vul gamma (1) MeLTPREKDK LLLFTAGLVA ErR..LAKGL KLNYPESVAL IScaIMEGAR EG.KTVAQLM sEGRaVLTaE QVMEGIPEMI kDIQVECTFP DGTKLVsIHD PIv. (100)
U. ure gamma (1) MnLslREigK LLvtvAadVA RrR..LARGL KLNYsErVAL ItdhVVEGAR DG.K1VADLM gsaReVLrvD QVMBGVAtMV giIQVEVTFP DGTKLVsSVHD PIyk (101)
Jack bean (1) MKLSPREVEK LgLhnAGylA QKR..LARGV rLNYtEAVAL IasQIMBYAR DGeKTVAQLM clGqghlLgrr QVLpaVPhLl naVQVEATFP DGTKLVTVHD PIs. (101)

* *000t * O o * - * Q%*Q * *Q0 * Ot ** = * 00 O* 00 - *0 00 00 O0* *O **Q0*0 00 **
Consensus M-LtprE-dK lllftag-vA ekR--larGl kLNypEaVal Is--imBgAR dG-KtvaelM -egrtvit-d qVmegvpEmi -dvqvBatFp DGtkLvtvhd PI--

1 104
B
Y. ent YeuB (1) mstktnstka tsektdslkt nrgtkssagy aeqntplGgc iLadtp..IT FNEnkpvtkV KVrNtGDRPI QVGSHFHFFE aN.TXALeFD. ....... Rag
H. pyl HpuA (102) angkLVPGEl fLkned..IT iNEGKKAVsV KVDpPVGDRPV QIGSHFHFFE VN.rcLdFD. <Rek
H. pyl UreA (102) angkLVPGEl flLkned..IT iNEGkkAVsV KVKNVGDRPV QIGSHFHFFE VN.rcLdFD. <Rek
K1. aer UreB (1) MIPGBY hvkpgq..Ia LNtGRatcrV vVeNhGDRPI QVGSHYHFaR +PALKFD. «RQq
L. fer beta (1) MVPGBY kLqpdk..Vp Y )yDdIsl K V QVGSeYHFYE aNeqgLQFD. <Rsq
P. mir UreB (1) MIPGEL rvnaalgdle LNaGREtktI qVaNhGDRPV QVGSHYHFYE VN.eALrPa +Rke
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FIG. 4. Alignment of the Y. enterocolitica O:3 urease y- (A), B- (B), and a- (C) subunit amino acid sequences with the corresponding
subunit sequences of different organisms. The polypeptides were aligned by using the GAP program, such that all sequences were “‘gapped”
against each other to obtain maximal fitting. The gapped sequences were then lined up, and the consensus peptide was created by the
PRETTY program. A consensus was created whenever four or more sequences had the same or similar amino acids at a particular position.
Positions at which the consensus threshold was not reached are shown by dashes. In the sequences, amino acids identical or similar to those
in the consensus are in uppercase letters; others are lowercase. Positions occupied by the same amino acid in all sequences are indicated by
uppercase letters in the consensus sequence and by asterisks above the letters. Positions occupied by the same amino acid in seven of the
nine sequences are marked by circles above the consensus sequence. Gaps are shown by dots. Amino acid sequences are as follows: small
and large subunits of two Helicobacter pylori (H. pyl) ureases (HpuB, HpuA, and UreA; accession [acc.] numbers for the nucleotide
sequences, M60398, X57132, and X17079), Klebsiella aerogenes (Kl. aer) urease a-, B-, and y-subunits (UreC, UreB, and UreA; acc. no.
M36068), Lactobacillus fermentum (L. fer) urease a-, B-, and y-subunits (acc. no. D10605), Proteus mirabilis (P. mir) urease a-, B-, and
y-subunits (UreA, UreB, and UreA; acc. no. M31834), Proteus vulgaris (P. vul) urease a-, B-, and y-subunits (acc. no. X51816), Ureaplasma
urealyticum (U. ure) urease a-, B-, and y-subunits (acc. no. X51315), and Canavalia ensiformis (jack bean) urease (acc. no. M65260). The first
and last positions of each sequence used in the comparison are indicated in parentheses. Note that the H. pylori small subunit and the jack
bean urease sequences continue from panel A to panel B; the latter also continues to panel C.

DISCUSSION

This article describes the molecular cloning, sequencing,
and identification of a cationic 19-kDa antigen isolated from
Y. enterocolitica. The antigen was identified as a B-subunit
of the Y. enterocolitica urease. Two lines of evidence
support this conclusion. First, the amino acid sequence
similarities to other urease small subunits are convincing
(Fig. 4). Second, recombinant plasmids carrying and ex-
pressing the gene of the 19-kDa antigen conferred urease
activity to urease-negative E. coli strains. Likewise, the size
of the insert in the urease-positive clones is in accordance
with the known sizes of urease operons of other bacteria.
Bacterial ureases are usually large composite structures of
two or three different subunits, designated a-, p-, and
y-subunits (4, 14, 19). In addition to the genes for the
subunits, the urease operons contain genes coding for acces-
sory and regulatory proteins (13, 14, 20). The accessory
proteins are required to assemble the holoenzyme, which
needs nickel ions for activity (20). Thus, the sizes of the
urease operons are usually between 5 and 10 kb. In this
study, the urease activity was expressed only by the recom-

binant plasmids containing the largest Y. enterocolitica DNA
insert, i.e., 13.4 kb (p19kd-15), but not by p19kd-63, which
contained a 9.2-kb insert. On the basis of the data obtained
in this study and assuming that yeuA is the first gene in the
operon, the minimal size of the operon would be over 6 kb
(Fig. 2). No apparent promoter motifs were detected up-
stream of the yeud gene. Most probably, expression of the
19-kDa antigen by an E. coli strain carrying plasmid
p19kd-48 was made possible by the tetracycline resistance
gene promoter of pBR322. Further work will be needed to
elucidate the structure of the Y. enterocolitica urease
operon.

Comparison of the amino acid sequences of the Y. entero-
colitica urease subunits with other corresponding sequences
revealed that the +y-subunit is highly conserved. Identities
ranged between 51 and 60%, and similarities ranged between
67 and 80%. In addition, the lengths of the polypeptides are
constant, ranging between 100 and 102 amino acid residues.
The B-subunit seems to be less conserved, with the lengths
of the polypeptide chains ranging between 106 and 164 amino
acid residues. Likewise, the identities and similarities be-
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FIG. 4—Continued.

tween the sequences range between 33 and 52% and between
51 and 67%, respectively. Comparison of the amino acid
sequences of the a-subunit (Fig. 4C) suggests that it is also
highly conserved. The length is about 570 amino acid resi-
dues, and the identities and similarities between the se-
quences range between 48 and 57% and between 68 and 75%,
respectively.
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The regularity of occurrence of lysine residues in the N
terminus of the 19-kDa antigen (positions 4, 9, 17, 19, and 25,
etc.) is a striking structural feature, reminiscent of many
DNA-binding proteins. It explains the polypeptide’s high
affinity for polyanionic molecules, like nucleic acids, and
accounts for its occurrence in the ribosomal pellet as well as
for the marked tendency for aggregation with other proteins
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(16). Under the conditions employed for preparation, the
polypeptide was obtained as a thiol-linked dimer (a single
cysteine residue at position 40 was found), usually com-
plexed with other molecules (16). The cellular distribution of
the urease or the 19-kDa antigen was not examined; it is
likely to be cytoplasmic, as this appears to be the case with
all other urease-positive enteric bacteria studied to date (18).
The antigen may be released from living cells and, in
addition, be set free following cellular degradation.

In humans, arthritis following Y. enterocolitica O:3 infec-
tion is closely linked with the HLA-B27 antigen. No homol-
ogies between the B27 sequence and the 19-kDa antigen
were seen. However, we found a panel of nine possible
nonapeptides with the HLA-B27-specific anchor residue
arginine at position P2. Of these, nonapeptide RRAA
ERGFK, the nine residues in positions 153 to 161, should be
ranked at the top because of the large consensus in sequence
pattern to the peptide motifs fitting to the binding cleft of the
HIA-B27 molecule (12, 15b). On the basis of structural
studies, this nonapeptide would bind excellently to HLA-
B27 (15a). Thus, the 19-KDa antigen could function as a
source of an arthritogenic or immunogenic peptide to be
presented to cytotoxic T lymphocytes. The relevance of this
finding to Y. enterocolitica-induced reactive arthritis re-
mains to be elucidated.

The B-subunit of the Y. enterocolitica O:3 urease, the
19-kDa cationic antigen, described here, attracted our atten-
tion because it has arthritogenic potential in rats (16).
Antibody to the 19-kDa peptide is found in humans (16) and
may prove to be a useful marker of Yersinia infection. As
occurs with some other cationic antigens, intra-articular
challenge of preimmunized rats induces a chronic destruc-
tive joint lesion (8, 16, 28); however, it is the first bacterial
product reported to have this ability. Whether the B-subunit,
as an antigen, plays a role in the induction of human and
experimental Yersinia-reactive arthritides (10, 26, 27) re-
mains to be determined.
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