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HAGREIENTHD, BEWSEEWpHRIEH T
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Transcriptional Regulation of the Urease Operon in Helicobacter
pyloriin Response to pH and Mechanisms of Stable Colonizaion
in the Stomach.

Mutsunori SHIRAI

Department of Microbiology.and.Reproductive,Pediatric and Infectious Science,
Yamaguchi University School of Medicine,
Ube, Yamaguchi 755-8505, Japan

SUMMARY

Helicobacter pylori is known to colonize in the human stomach by neutralizing acidic condition with urease
activity. The effect of acid on the transcription of the urease operon was investigated to determine whether H.
pylori is has a novel mechanism under such conditions.We investigated the transcription of the urease gene
cluster ureABIEFGH in Helicobacter pylori to determine the regulation of gene expression of the highly
produced enzyme urease. Northern blot hybridization analysis demonstrated that cells of the wild-type strain
grown in an ordinary broth had transcripts of ureAB, ureABI, urel, urelE and ure’ FGH, but cells of a urel-
disrupted mutant had only the ureAB transcript. When the wild-type cells were exposed to pH 8 for 30 min,
very little mRNA was detected. However, when exposed to pH 6, a large amount of the urelE"transcript,
which was longer than the urelE’ transcript, together with the additional transcripts ureABIEFGH and ure’
EFGH were detected. Rifampicin addition experiments demonstrated that urease mRNAs,and the urelE’
transcripts in particular, are more stable at pH 5.5 than at pH 7. In accord with these results, urease activity in
the crude cell extract of the pH 5.5 culture was twice as much as that of the pH 7 culture, although the
amounts of UreA and UreB detected by immunoblot analysis were similar.The transcription start point of urel
was identified by primer extension using a ureA promoter-deleted mutant,and a consensus sequence of RpoD-
RNA polymerase was found in the urel promoter. The 3”end of the urelE"mRNA, determined using S1
nuclease mapping, revealed that the transcript is able to cover the majority of the ureE open reading frame
(ORF)that might be sufficient for UreE activity. Based on the above results,we conclude that the urease gene
cluster of H. pylori consists of two operons, ureAB and urelEFGH, and that primary transcripts of the latter as
well as the read-through transcript, ureABIEFGH, are cleaved to produce several species of mRNA. It has
been suggested that the ureIEFGH operon is regulated post-transcriptionally by mRNA decay in response to
environmental pH. We are tempted to speculate that the ureE" transcript present in acidic pH may contribute
to produce an active product that can proceed the nickel incorporation to the active centre, the final step of
urease biosynthesis.

On the other hand, Thl and Th2 cells play a central role in immunoregulation during infection. We show
that H. pylori induces Thl cytokine responses early (2 weeks) but predominantly Th2 responses later (6
weeks) in infection. The switch is principally mediated by urease-specific CD4(+) T cells, and correlates with
a loss of urease-specific high-avidity JNK(+) Thl and gain of low-avidity JNK(-) (possibly Th2) cells at the
later stage of infection, concomitant with a 100-fold higher colonization level of H. pylori at 6 weeks than at 2
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weeks that might tolerize high-avidity Thl cells. Furthermore, differentiation of HIV gp160-specific CD4(+)
Th and CD8(+) cytotoxic T lymphocytes (CTL) into effector cells is impaired in 6-week H. pylori-infected
mice immunized with vaccinia expressing gp160, and serum IL-12 stimulated by vaccinia infection is barely
detectable. Adoptive transfer of urease-specific Th2 cells to mice infected only with gp160-expressing
vaccinia abrogates Thl polarization of the gpl20 response, down-modulates virus-specific CTL responses,
and delays virus clearance. Therefore, the H. pylori urease-mediated immunoregulation in the switch from
JNK(+) Thl to JNK(-) Th2 phenotype, and the preceding low IL-12 response, are likely critical steps in the
impairment of antiviral immunity. Other some novel mecahnisms of H.pylori colonizaion and the strain
diversity which we obtained were described and discussed in the text.
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