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Abstract Helicobacter pylori is the etiologic agent of human
gastritis and peptic ulceration and produces urease as the
major protein component on its surface, H, pylori urease
is known to serve as a major virulence factor and a potent
immunogen. Deletion mutageneses were performed in the
H. pylori urease accessory genes by using combinations of
restriction enzymes and other DNA modifying enzymes in
order to assess the function of these accessory gene products
in the expression of the active urease. Selective disruptions
in the accessory gene regions resulted in complete abolishment
of the urease activity, which is consistent with other bacterial
ureases. Inierestingly, deletions in ureE-containing regions
caused reduced expression of the siructural enzyme subunits.
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Introduction

Helicobacter pylori is a microaerophilic, spiral-shaped, Gram-
negative bacterium which colonizes gastric mucosa of humans,
non-human primates and pigs. H. pylori produces bacterial
urease of high activity up to 6% of the soluble cell protein
[1] and this surface-presented, two-subunit enzyme [2] is
distinct from other bacterial ureases which are made of (hree
subunits and localized in the cytoplasm. H. pylori urease
serves as a major surface immunogen [3,4] and as an
important survival factor for the bacterinm in the acidic
environment of the gastric lumen [5]. As in the cases of
other bacierial enzymes, H. pvlori urease requires mickel
ions as an essential cofactor for the enzyme activity.
Sequence analysis revealed the presence of two structural
genes (ureA and ureB) followed by the additional accessory
genes (urel, E, F, G and H). These non-subunit auxiliary
genes are thought to be involved in nickel processing into
the apo-urease since the corresponding accessory genes in
the K. aerogenes urease gene cluster were previously shown
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to be required for urease metallocenter assembly [6]. For
example, deletion analysis of the Klebsiella aerogenes
urease gene cluster revealed that one gene (ureD) located
directly upstream and three genes (urekE, wreF, and ureG)
found immediately downstream of the three structural subunit-
encoding genes (ured, ureB, and ureC) are involved in the
functional assembly of the urease metallocenter [6,7]. Although
detailed and precise function of these accessory proteins has
not been established, UreE has been shown to be a nickel-
binding protein [8], and other accessory proteins are thought
to function as complexes with the urease subunits [9,10].

In this report, we generated deletion mutants which include
selective gene disruptions in each or combinations of the
accessory genes and the urease activities of these mutants
were compared with the clones containing parental recombinant
plasmids. Effecis of the absence of these accessory gene
ptoducts on the expression of urease-related proteins were
also examined.

Materials and Methods

Construction of plasmids and deletion mutageneses
of the accessory genes

Previously described plasmid pHU1013 [11], a pBluscript
KSII{+) derivative, containing the whole urease gene cluster
of H. pylori was isolated and purified from the E. coli BL21
{pHU1013) culture by using standard alkaline-lysis methods
and Gene Clean (IT) kit (Bio101 Inc., CA, USA). Separately,
pHU1012 was constructed by subeloning a M{ul-EcoRI frag-
ment (6.3 kh) from the plasmid pHP808 [12] into a EcoRI-
Smal digested, calf intestinal phosphatase-dephorylated pUC19
VECtor.

Selective deletions within wreE, wurelEF, ureGH, ureH
regions were obtained by using a combination of restriction
digestion and Baf31 digestion. For ureE deletion, pHU1013
wag digested with BsiWT then the ends were bidirectionally
digested with Bal31 and made blunt-ended by treating with
T4 DNA polymerase and then with Klenow fragment for
15 min at 12°C, respectively. The linearized DNA was extracted
with phenol-chloroform and self-ligated with T4 DNA ligase.
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This clone, designated AureE, contained about 250 bp
deletion. For ureH deletion, pHU1013 was digested with
Mnunl and the larger fragment was isolated from an agarose
gel by using Gene Clean (II) kit then self-ligated and designated
AureH. For urelEF deletion, pHU1013 was digested with
Nceol and self-ligated as above and designated AurelEF, For
ureGH deletion, pHU1012 was digested with Nsil and self-
ligated after removing smaller fragment and designated A
ure(GH. These deletion-mutagenized plasmids were transformed
into E. coli BL21 or DH5q. The extenl of deletions was
confirmed by 1.2 or 1.5% agarose gel electrophoresis by
using 100 bp-, 500 bp- and 1 kb-ladders as standards after
restriction pattern analyses with appropriate restriction
ENEYINES.

Cell Growth and Disruption

E. coli BL21 (pHU1013), E coli DH3@ (pHU1012), and
cells carrying deletion mutant plasmids were grown to late
exponential phase in LB media containing 1 mM nickel
chloride and 100 pgfml ampicillin. Helicobacter pylori
ATCC43504 and NCTC11638 cells were incubated in brain
heart infusion agar plates and brucella broth in an anaerchic
jar containing a CampyPak Plus (BBL, USA) gas generator
pouch.

Cells were harvested by centrifugartion, washed twice with
ice-cold 20 mM potassium phosphate (pH 7.03-1 mM EDTA-1
mM Z2-mercaptoethanol (PEB} buffer, resuspended in an
equal volume of PEB containing 1 mM phenylmethylsulfonyl
fluoride, disrupted by using a sonic dismebrator (Fisher
Scientific Co., PA, USA) with a maximum output of 70
W for 1 min/ml, and centrifuged at 50,000 xg for 30 min,

Polyacrylamide gel electrophoresis

SDS-polyacrylamide gel electrophoresis was carried out by
using buffers of Laemmli [13] and included a 12% polyac-
rylamide running gel with a 4.5% polyacrylamide stacking
gel. Gels were stained with Commassie brilliant blue R250.

Urease Assay

Urease activity was measured by quantitating the rate of
ammonia released from wrea by formation of indophenol,
which was monitored at 625 nm as previously described
[14]. The assay buffer consisted of 25 mM N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid, 50 mM urea, and
0.5 mM EDTA (pH 7.5). The reactions were initiated by
the addition of enzyme, the concentration of released
ammonia was measured in time aliquots, an the rates were
determined by linear regression analysis. One unit of urease
activity is defined as the amownt of enzyme required to
hydrolyze 1 pmol of urea per min at 37C under the assay
conditions described above. Protein was measured by the
method of Lowry er al. [15], with the bovine serum albumin
as the standard.

Results And Discussion

Extracts of H. pylori ATCC43504, NCTCI11638, E. coli
BL21(pHU1013) and E. coli DHS @ (pHU1012) cells were
examined for urease activity as shown in Table 1. E. coli
BL21(pHU1013) produced the recombinant urease of highest
specific activity, whereas £. coli DHS ¢ (pHU1012) produced
the enzyme of relatively low specific activity compared to
wild-type H. pylori strains. It is as expecled since in E.
coli BL21(pHUi1013) expression of the urease structural genes
were apparently directed by a strong T7 phage promoter, while
in E. coli DH5z (pHU1012) RNA transcription was under
the influence of its own H. pylori-specific promoter.
Deletion mutagenesis, however, were performed with both
pHU1013 and pHU1012 for different availability of restriction
sites.

A map of the H pylori urease gene cluster indicating
deletions within the wreFE, ureH, urelEF, and ureGH genes
is provided in Fig. 1. Exiracts of tecombinant E. coli cells
from control cultures and from each of the deletion mutants
were examined for urease activity, as shown in Table 2.
Ureases from all the deletion mutants were inactive. The
AureE mutant also showed completely inactivation of the
urease, which is in contrast with the Klebsiella aerogenes
AureF mutants that retained partial activity [6].

The extracts from the deletion mutants were subjected
to SDS-polyactylamide gel electrophoresis, as shown in Fig,
2. The urease subunits {UreA and UreB} were preseni at
high levels except in the AwreE and AwrelFF clones. This
is also in contrast with the K. gerogenes studies in which
the mutations in the accessory genes did not affect urease
expression. Lee ef al [8] observed that K, aerogenes UreE

Tabie 1. Urease specific activities of cell extracts from
Helicobacter pylori standard strains and the recombinant E. coli
cells

Strains Specific activity (Ufmg)
H. pylori ATCC43504 20.08
H. pylori NCTC11638 1371
E. coli BL21{pHU1013) 39.90
E. coli DHS o (pHU1012) 7.70
Sl ¢ AT FroRl
pHU1D13 ared] 8 Hrle]l 7 le] A
AunlEF P
dural |
AureGH [ ]
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Fig., 1. H pyiori urease pene cluster contained in the plasmid
pHU10M3 and location of deletions in mutant derivatives. Sites
of deletions are indicated by solid bars. The hatched bars indicate
pBluscriptKSII{+)} sequences. The map of pHU1012 is identical
excepl the pUC19 vector sequences at both ends of the urease
gene cluster.
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Table 2. Urease specific activides of cell exwmacis from the
recombinant £, coli cells carrying conirol plasmids or deletion
Titaits

Plasmids Specific activity (Uimg) % Activity
pHU1013 37.45 100
pHUILO13AureE a 0
pHU1013Aure H 0 0
pHU1013AureGH 0 0
pHUL012 8.26 22
pHU1012ureE 0 0

protein exists ag a dimer binding nickel ions during equilibrium
dialysis and thus suggested that it may act as a nickel denor
in the nickel metallocenter assembly of urease. Predicted
peptide sequence of UreE contained multiple histidine residues
clustered at the carboxyl terminus [7], and it was implied that
these His residues were participating in nickel ligation. The
predicted amino acid sequence of the H. pylori UreE protein
is homologous to that of K. aerogenes UreE peptide, but
unlike K, gerogenes, H. pylori UreE lacks poly-histidine tail
at the carboxyl terminus.

Absence of the urease subunits in these deletion mulants
(AuwreE and AurelEF) is intriguing and it might have been
caused by two different ways. First, absence of UreE peptide
caused failure in the assembly of the functional accessory

UreA +

UreB + :

Fig. 2. 12% SDS-polyacrylamide gel electrophoresis of the cell
extracts of E coli (pHU1012AurefEF)(lane 1), £ coli (pHU1012)
{(lane 2), E. coli (pHU1013AureGH)(lane 3), E. coli (pHUI013A
ure)(lane 4), E. coli (pHU1013AureE)(lane 5) and E. coli (pHU
1013)(lane 6). Molecular weight markers(lane 7) were phosphorylase
b, M, = 97,400, bovine serum albumin, M, = 66,200; ovalbumin,
M; = 45,000; carbonic anhydrase, M, = 31,000; soybean trypsin
inhibitor, M, =21,500; and lysozyme M; = 14,400,

protein complex that might include UreE, thus could not
assist the proper folding of andfor nickel incorporation into
the active urease subunits. Alternatively, deletion in wreE
gene region might have caused a kind of polarity effects
in transcription andfor translation, thus prevented the
expression of the urease structural genes altogether. Either
way, H. pylori UreE peptide appears to play a different role
from that of K. aerogenes protein.
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