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We have cloned and sequendédlicobacter pyloria-class carbonic anhydrase (hpCA) from patients with
different gastric mucosal lesions, including gastritis{ 15), ulcer 6 = 6), and cancem(= 16). Although
several polymorphisms were newly identified such?ada, 1°Thr, 18lle, and®®Phe, there was no significant
relevance of any polymorphism with gastric mucosal lesion types. A library of sulfonamides/sulfamates has
been investigated for the inhibition of hpCA, whereas new derivatives have been obtained by attaching
4-tert-butyl-phenylcarboxamido/sulfonamido tails to benzenesulfonamide/1,3,4-thiadiazole-2-sulfonamide
scaffolds. All types of activity for inhibition of hpCA have been detected. Dorzolamide and simple
4-substituted benzenesulfonamides were weak inhibitar8{3—4360 nM). Sulfanilamide, orthanilamide,
some of their derivatives, and indisulam showed better actiWty4(3—640 nM), whereas most of the
clinically used inhibitors, such as methazolamide, ethoxzolamide, dichlorophenamide, brinzolamide,
topiramate, zonisamide, etc., acted as medium-potency inhibkers06—378 nM). Some potent hpCA
inhibitors were detected toK( 12—84 nM) among acetazolamide, 4-amino-6-chloro-1,3-benzenedisul-
fonamide and some newly designed compounds incorporating lipophilic tails. Some of the newly prepared
derivatives had selectivity ratios for inhibiting hpCA over hCA 1l in the range of £248, showing thus

some selectivity for inhibiting the bacterial enzyme. Since hpCA is essential for the survival of the pathogen
in acid, it might be used as a new pharmacologic tool in the management of drug-reldispsbri.

Introduction Helicobacter pylorj a Gram-negative neutralophile discovered
by Warren and Marshall in the early 198@syas shown to be
associated with chronic gastritis, peptic ulcers, and, more
recently, gastric cancer, the second most common tumor in
humans'® H. pylori is a globaly spread pathogen with roughly
50% of the human population being contaminated, causing
sometimes severe gastrointestinal diseases that lead to a
significant morbidity and mortality® Although there is an
effective treatment for peptic ulcer disease causeH hyylori,
usually consisting of a triple therapy with two antibiotics
(amoxicillin and clarithromycin) and a proton pump inhibitor

The a-carbonic anhydrases (CAs, EC 4.2.1.1) constitute a
family of monomeric zinc metalloenzymes that catalyze the
reversible hydration of C&to bicarbonate and a protén® We
have been working with the molecular cloning of some of the
16 presently known human CA (hCA) isoforfis as well as
screening analyses for inhibitory effects of a variety of
compounds on most of them, showing that various such
isozymes (e.g., hCA 1I, IV, VA, VB, VII, IX, XllI, XIIl, and
X1V) constitute valid targets for the development of novel
antiglaucoma, antitumor, antiobesity, or anticonvulsant dfus. (PPI), such first-line treatment/eradication regimens are con-

Furthermore, very recently representatives pfdﬂqe)r B-CA . stantly being compromised by an increase in the prevalence of
class have been cloned and characterized in other organisms

such asPlasmodium falcioarurd Mveobacterium tuberculo- antibiotic resistancél~23 After failure of the eradication by the

sis 15 Crvptococeus neofo?mari@or )(l:andidas 17 some of first-line treatment, an empirical quadruple regimen (PPI,
S yp . - ASPP.,- . bismuth, tetracycline, and metronidazole) has generally been

them being also investigated from the inhibition point of

. . - h nd-line therapy. However, several ies hav
view,1416 as it has been proved that these enzymes are crltlcalused as the second-line therapy. However, several studies have

. N demonstrated that even two consecutive regimens failed to
for the growth or virulence of these pathogéts.’ Since many . . o1 og .
X : . . eradicateH. pylori in some patient3!~23 Thus, there is a real
of these organisms are highly pathogenic and present different

degrees of resistance to the currently available drugs targetin need for the development of alternative therapies, eventually
grees of It . y @ 9 9 gexploiting novel targets, that should be devoid of the problems
them, inhibition of their CAs may constitute novel approaches

to fighting such diseaséé.17 arising with currently available drugg?
' H. pylori has the unique ability among bacteria to grow and

t Nucleotid od inth have been d red _thmultiply in the stomach, in the harsh and highly acidic
ucleotide sequences reported In this paper nave been depositea wi o 4,
GenBank under Accession Number AB242859. conditions at pH valut_as as low as 24T herefore, the p_athogen

* Correspondence author: te139-055-457 3005; fax-39-055-4573385;  has evolved in specialized processes that maintain the cyto-
e-mail claudiu.supuran@unifi.it. _ _ plasmic pH around 6.4 for survival and growth. Basically, at
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chool. .
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an inner membrane of this bacterium. Howevep3-€A has
also been found in the cytoplasm f pylori, where it seems
to play an important role in the urea and bicarbonate metabolism,
as well as acid resistance of the pathogfen.

hpCA was cloned and purified in 2001 by Lindskog’s grétp,
who showed that the enzyme had a catalytic activity similar to
that of the human slow isoform hCA | (highly abundant in red
blood cells and the gastrointestinal trdct)and that the enzyme
was susceptible to inhibition by sulfonamides (and thiocyanate).
However, no quantitative data were provided for acetazolamide
inhibition of hpCA in this study?’ Recently, Sachs’ grodp2°
has proved that hpCA is essential for the acid acclimation and
survival of the pathogen. In their elegant st#8ysing CA
deletion mutants oH. pylori as well as the potent, clinically
used sulfonamide inhibitor acetazolamide AAZ, it has been
shown that the urease generation of ]\iths a major role in
regulation of the periplasmic pH and inner membrane potential

Nishimori et al.
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under acidic conditions, allowing adequate bioenergetics neces-':igulre 1. Alignment of amino acid sequence o£CA from four

sary for'surVIvgl and growth of the pathogen. In addmon oy pylori strains. H. pylori strain KMT-12 was obtained from a
urease, interestingly, hpCA was also shown to be crucial to such japanese patient with gastritis and contains all substitutions newly
processes. Thus, Western analysis confirmed that hpCA wasdiscovered in the present study as compared to the sequences of three
bound to the inner membrane, being present only within the clones previously reported2®3! Strain 26695 was isolated from a
periplasm oH. pylori. Furthermore, in the deletion mutant (i.e., Patient with gastritis in the United Kingdof.From this strain, two

H. pylori lacking the hpCA) or in the wild-type organism in different sequences for hpCA were reported, one by Chirica et al.

; f (26695-BBAf” and one by The Institute for Genomic Research (TIGR)
the presence Of.aceta.lzmaml.de’ there was an approximately 1000sequence center (26695-TIGR}! Strain J99 was isolated from a
fold decrease in acid survival df. pylori. It has also been  patient with a duodenal ulcer in the United Staand the sequence

proved that, in acid medium, the absence of hpCA activity was deposited by ASTRA sequence center (J-99-ASTRRplymor-
decreased membrane integrity, as observed by using membraneghism with amino acid number is indicated by asterisks and parentheses
permeant and -impermeant fluorescent DNA d§esThe above the sequences. A reading frame shift®he occurred in 26695-
increase in membrane potential and cytoplasmic buffering TIGR (), resulting an early appearance of the stop codon in the TIGR
following urea addition to the wild-type organisms in acid was,

on the Other hand, absent |n the hpCA knOCkOUt mutant and |n Table 1. Po|ym0rph|5ms in-CA Sequence oH. py|0r| from Japanese

the presence of acetazolamide, although the urease remaine@atients with a Variety of Gastric Mucosal Lesions

fully functional?® Thus, buffering of the periplasm to a pH

residue amino  gastritis  gastric ulcer gastric cancer  total
consistent with viability depends not only on the ammonia efflux  no.  acid (n=15;%) (n=6;%) (W=16;%) (n=37;%)
from the cytoplasm (and thus urease) but also on the conversion 1, Ala 10 (67) 5 (83) 12 (75) 27 (73)
of CO, (produced by urease) to bicarbonate by the periplasmic 10 Val 5 (33) 1(17) 4 (25) 10 (27)
hpCAZ25 In fact, the X, of the carbonic acid/bicarbonate couple 12 Thr B(7) 0 (0) 0 (0) 1(3)
of around 6.1 is very appropriate for such a task, unlike the 12 Ala  14(93) 6 (100) 16 (100) 36 (97)
ammonium/ammonia buffer, which, having E4of 9.2, is less ig ﬁﬁ 114(83) 06(?1)00) %?)100) éé3()97)
useful for buffering the periplasm to pH values close to 14 lle 14 (93) 6 (100) 16 (100) 36 (97)
neutrality. This excellent stud¥is in fact the proof-of-concept 16 Val 12(7) 0(0) 0(0) 1(3)
one that hpCA may be an attractive drug target for developing 74 Ala 8(53) 5(83) 11 (69) 24 (65)
anti-H. pylori agents, provided that potent (and hopefully ng IEL : ((74)7) 01(%1)7) 05(81) 113(:()’:)35)
specific) inhibitors can be found. 168  Phe 14 (93) 6 (100) 16 (100) 36 (97)

In the present study we sequenced hpCA DNAs from a large
panel of independent strains f pylori, which were obtained
from patients with a variety of gastric mucosal lesions. We were
interested to investigate whether the enzyme isolated from
gastritis, gastric ulcer, and gastric cancer patients is the sam
or different. Furthermore, we evaluated the inhibitory effects
of a panel of sulfonamides/sulfamates (known inhibitors of other
o-CAsY8 against this enzyme, showing that effective inhibitors
targeting this bacterial CA can be detected/designed.

a Strain from an identical patient (KMT-45).

contains all substitutions newly discovered in the present study,
together with the sequences of three clones previously re-
€ported?7:29 The novel amino acid substitutions incluéfala-
(GCG)— Val(GTG),?Thr(ACG)— Ala(GCA),1°Thr(GCT)—
Ala(ACT), and "“Ala(GCT) — Thr(ACT). 168 eu(CTT) —
Phe(TTT) was previously reported in the clone HP1186 by the
TIGR sequence centé?.It is noteworthy that only one strain
(KMT-45) showed an identical amino acid sequence to that
reported by Chirica et a¥/,including8lle(ATA) — Val(GTA).
Sequence ofH. pylori o-CA. All DNA sequences of the  In total, six types of amino acid substitutions were deposited
hpCA obtained from 37 differeritl. pylori strains encoded a  (Table 1), probably proving the high selection pressure under
247-amino acid polypeptide, which was similar to the clones which the pathogen is found due to the drug treatment of patients
reported by ASTRA research cerfferand Chirica et af’ from which the samples were obtained.
Although all sequences encoded identical-length polypeptides, Polymorphism of H. pylori a-CA and Gastric Mucosal
they showed a variety of point mutations, resulting in six types Lesions Table 1 shows the prevalence of amino acid substitu-
of amino acid substitutions (Figure 1). Figure 1 shows the tions at the six residues described above among thé ®ylori
aligned amino acid sequences of a clone (KMT-12), which strains from patients with a variety of gastric mucosal lesions.

Results
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There were some variations in the prevalence of polymorphism Chart 1
at 1%A/v and "A/T. However, there was no statistical signifi- SONH, SONH, O,NH, ONH,
cance of differences in their prevalence among the three types NH,

of gastric mucosal lesions, indicating thus a normal polymor-

phism. All strains, except KMT-45, showédAla, 13Thr, 16lle, \ NH,

NHNH,

and6®he (see KMT-12 in Figure 1). At these residue numbers, 2 3 4
KMT-45 used the same amino acids as the clone reported by  sonw, O,NH, O,NH, SONH,
Chirica et ak”

Recombinant hpCA Preparation. Chirica et ak’ reported . o
that the full-length gene product ¢i. pylori a-CA is pos- CH,NH, CH,CH,NH, NH, N
sibly toxic to Escherichia colihost cell BL21(DES3). In the 5 6 7 .
present study, we tried to produce both full-length and N- ONH, SONH, ONH, SONH
terminal truncated recombinant proteins for the hpCA by using CFs cl o
E. coli IM109. As previously reported,these bacteria failed o | o
to produce the full-length hpCA but successfully produced the NH, N, | e

N-terminal truncated one. Accordingly, we employed a mature

10
form of hpCA lacking a putative Nerminal signal sequence ° " "

of 18 amino acid residues for the inhibition study. It is of NN e o NN
note that the hpCA clone encoding the recombinant protein HZN/QS)\SOZNHZ HNJ\S»\SOQNHQ HZNO—%fu/(s)\SOZNHZ
inherits the identical polymorphism types as KMT-12 clone does 1 1 °
(Figure 1).
Chemistry and CA Inhibition. A large number of derivatives @ﬂ’ /—QSOQNHZ HN @E_NI@SOZNHZ
. : s . HN =N 2 il H
was investigated for the inhibition of the bacterial enzymes IH 0
hpCA. Simple aromatic and heteroaromatic sulfonamides of 16 17

types1—24 (Chart 1) are among them. Derivatives AAZ-IND

H N—N
(Chart 1) are clinically used drugs: acetazolamide AAZ, (J C sod. ©\7|N Q/(S\ SO,NH,
HO S SO,NH.
S / 2 2

methazolamide MZA, ethoxzolamide EZA and dichlorophen-

amide DCP, are the classical, systemically acting CA inhibitors N/<NH2 18 19 “

(CAls)1=3 Dorzolamide DZA and brinzolamide BRZ are

topically acting antiglaucoma agent$benzolamide BZA is an SONH SONH, SONH,

orphan drug belonging to this class of pharmacological agents, o .

whereas topiramate TPM and zonisamide ZNS are widely used ©/ ’

antiepileptic drugd!32 Sulpiride SLP® and indisulam INB* Lion CH.CH,OH oon

were recently shown by this group to belong to this class of ’

pharmacological agents. Compounds 2, 4-6, 11, 12, 21 # ne ? u

18—20, 23, and AAZ-SLP are commercially available, whereas )N Ny N

3, 7-10.35 13—17,3637 21, 22,38 and 24,3 zvere prepared as encom o cnoon=hg sonm, EtOQ\t K somm,

reported earlier by this group. AAZ MZA e2a
Since H. pylori has both an outer as well as an inner s, et

membrané?25and as it is still not very clear whether the main

NHEt

target of the sulfonamide drugs inhibiting its growth is the msoM /msozNHz
a-class enzyme we have cloned here (hpCA),AHeA found oL e we s MeClemT 5%

in the cytoplasn# or both of them, we have also decided to bop ozA BRZ
prepare sulfonamides incorporating lipophilic tails in their %

mbollecules, r\‘/\/hich tr)’nay sahow a fﬂccijlitated membran% perme- Q‘O‘ 7_5\ o E/O’S\b ? -
ability. We have obtained 12 such derivatives using benzene- SN~ Ng” S0, N
sulfonamide/1,3,4-thiadiazole-2-sulfonamide scaffolds to which o " OJiIO>< w

the highly lipophilic 4tert-butylphenylcarboxamido or tert- BZA )YO oM s
butylphenylsulfonamido tails have been attached by the proce- OMe O

dures previously developed by our grotfgrhus, reaction of ©)ku“® 7 N 0:3/9
amino-containing sulfonamides withtdrt-butylbenzoyl choride N C'%/N \CL

A or 4-tert-butylbenzenesulfonyl chloride B afforded the new SONH, SONH,
compound25—36 (Scheme 1). sLp ND

Inhibition data of these sulfonamides/sulfamates against theh T . ;
. : ) ave been analyzed, indicating that this is the exact wild-type
host ISozymes h.CA | and hCA i (highly abgndant in the blood protein length. During the screening analysis for the hpCA
and gastrointestinal traét)® and the bacterial enzyme hpCA sequence in a panel 61. pylori strains, several new amino

i 41 . . . " K
are shown in Table 2 acid substitutions were found. These findings prompted us to
study a possible relevance of the polymorphisms in the hpCA

Discussion amino acid sequence, correlating them with gastric mucosal
Sequence and Polymorphism of. pylori a-CA in Gastric lesion types in which each strain might be involved, since the
Mucosal Lesions.Two different length polypeptides (202 and hpCA (as well as theg-class CA found in the cytoplasm of
247 residues) were previously reported for hp€A% 3 In the this pathogen) were suggested to function in urea and bicarbon-
present study, DNA sequences of 37 independénpylori ate metabolism and acid resistance/acclimation of these bacte-

strains encoding an open reading frame with 247 amino acidsria.26 However, the sequence analyses in a panel of strains from
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Scheme 1 Table 2: Inhibition of H. pylori Carbonic Anhydrase and of the Human
ONH ONH, o Isoforms hCA | and hCA I, with Compounds—35 and the 11
a e Clinically Used Sulfonamides/Sulfamaté£\Z —IND

N. Io) le)
O,NH, N K& (nM) selectivity ratio,
H . inhibitor ~~ hCAP ___ hCAII®  hpCAS hCA I1/hpCA
" " O 1 45 400 295 426 0.69

H,N
n-02 2 25 000 240 454 0.52
NG 2 3 28 000 300 316 0.94
NN - 4 78 500 320 450 0.71
I\

sz*s)\sozwz H /ES&SOZNH, 5 25 000 170 873 0.19
13 %—@4{ o 6 21000 160 1150 0.14
° 28: 01 7 8300 60 1230 0.04
. 30 29:n=2 8 9800 110 378 0.29
9 6500 40 452 0.08

O,NH,
Nl O:NH, 10 6000 70 510 0.13

N—N =0 0.0 11 5800 63 412 0.15
v P~som, \J N 12 8400 75 49 153
13 ).‘ 13 8600 60 323 0.18
\ HNG 20 14 9300 19 549 0.03

O,NH, S
32 ° 15 6 2 268 0.007
B “ 16 164 46 131 0.35
HN 17 185 50 114 0.43

" n-02 H/N,QS&SOZNHQ 18 109 33 84 0.39
de 19 95 30 207 0.14
> 3310 20 690 12 105 0.11
3 38: n=2 21 55 80 876 0.09
22 21000 125 1134 0.11
patients with gastritis, gastric ulcer, and gastric cancer failed to 2431 %i 888 gg lgii 8:;%
show significant relevance of any polymorphism with gastric AAZ 250 12 21 057
mucosal lesion types (Table 1). Thus, hpCAs from patients with MZA 50 14 225 0.06
different types of gastric lesions are all similar, pointing out EZA 25 8 193 0.04
that drugs able to inhibit them might be used in the management DeP 1200 38 38 0.10
o ) ; DZA 50 000 9 4360 0.002
of gastritis/gastric ulcers as well as gastric tumors. BRZ 45 000 3 210 0.01
Interestingly, all strains except one (KMT-45, from a patient BZA 15 9 315 0.02
with gastritis) showed the following amino acid substitutions: TPM 250 10 172 0.05
12Ala, 13Thr, 8lle, and168Phe. Although'®lle and*%Phe were gt‘g 12%% i% 22?& %11%
previously reported in other clonégAla and**Thr were newly IND 31 15 413 0.03
found in our study. The present study employ&dylori strains 25 12 300 241 539 0.44
isolated from Japanese patients, whereas other sequences were 26 10750 210 316 0.66
previously obtained from the strain 26695, which was isolated % ig g?g ig? Zg %-gi
from a patient with gastritis in the United Kingdothpr from 29 12 450 123 51 541
the strain J99, which was isolated from a patient with duodenal 39 541 18 13 1.38
ulcer in the United State¥.Accordingly,H. pylori strains with 31 14 700 354 640 0.55
12Ala and 13Thr in the o-CA sequence could be hallmarks for 32 9620 203 318 0.63
specific variants of the pathogen found in Japan. Probably the 3431 ig 2(5)8 iéi g(l) é'gg
KMT-45 strain obtained in the present study might be of foreign 35 12 045 94 27 3.48
origin and infected a Japanese patient. 36 338 15 12 1.25
Chemistry and CA Inhibition. Sulfonamides and sulfamates aErrors in the range of 510% of the shown data, from three different
are well-known for their high affinity for mang-CA isozymes, assays? Human recombinant isozymes, stopped-flow Q@drase assay

acting as potent inhibitors with clinical applications as anti- method! °Recombinantd. pylori enzyme lacking the first Nerminal
glaucoma, diuretic, antiobesity, or antitumor dréigs28 Various signal Zﬁquence of 18 amino acid residues, stopped-flopt@@rase assay
isoforms are responsible for specific physiological functions, methodt
and drugs with such a diversity of actions target in fact quite dioxide#243Interestingly, although the treatment of ulcers with
different isozymed:>28 In all of them, the sulfonamide/  CAls has not been widely used except by PuSqadso because
sulfamate drug binds in deprotonated form to the catalytically the H2-receptor antagonists and the PPIs were discovered in
critical Zn(1l) ion, also participating in extensive hydrogen-bond the late 1970s and 1980s, respectively), this approach was quite
and van der Waals interactions with amino acid residues both successful, since the healing rate after 30 days of AAZ was
in the hydrophobic and hydrophilic halves of the enzyme active 94% (as compared to 48% for antacid-treated patients), and the
site, as shown by X-ray crystallographic work of enzyme relapse after 2 years was only 6.2% after AAZ treatment as
inhibitor complexeg?%11.1332 compared to a relapse of 34% for the antacid-treated patiénts.
In the early 1970s it was reported in the literature that In light of the recent findings of Sachs’ gro¥fg>that hpCA is
acetazolamide, AAZ, the CA inhibitor par excellence, is also essential for the life cycle dfl. pylori (its absence in knockout
effective in the therapy of gastric and duodenal uléérEhe bacteria or due to inhibition with AAZ leading to a 3 log unit
antiulcer effects of this potent CAl (developed in the 1950s as decrease of the pathogen survival in acid), and considering that
the first nonmercurial diureti¢j was assigned as being due to AAZ is probably a potent hpCA inhibitor (as mentioned by
the inhibition of CA isoforms present in gastric mucosa, mainly Lindskog’s groug’ but without any quantitative inhibition data),
CA | and Il, which were considered to be involved in gastric we may reinterpret Puscas’ d&as another proof-of-concept
acid secretion due to Hions generated by hydration of carbon  “experiment” that hpCA inhibitors can successfully be used for
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the management of gastric diseases. Thus, we decided tostructural point of view, these sulfonamides belong to a rather

investigate a library of sulfonamides/sulfamates (of type24
and AAZ-IND) for their interaction with hpCA, to detect potent
inhibitors with potential use as gastric drugs.

H. pylori has two CAs (the periplasmic hpCA belonging to
the a-class, and a cytoplasmjg:CA hypothesized to be also
involved in the bicarbonate/urea metabolism and survival in
acid mediaf® A drug targeting these enzymes should cross
easily one (for the hpCA targeting) or two membranes (for the
pB-CA targeting) in order to inhibit them. Thus, we decided to

heterogeneous group of derivatives, being either orthanilamides
(1, 24, 25, and 31), 4-substituted benzenesulfonamid@s4,

IND), halogenated sulfanilamide8 &nd10), or the heterocyclic
compoundl4 and the benzene-1,3-disulfonamide derivafite

As the previously discussed sulfonamides, also these derivatives
are much better hCA II inhibitors and much weaker hCA |
inhibitors, as compared to their action on the bacterial enzyme.
(iif) A group of 18 derivatives, including, 8, 13, 15—17, 19,

20, MZA, EZA, DCP, BRZ, BZA, TPM, ZNS, SLP26, and

prepare sulfonamides with enhanced lipophilicity and thus a 32 showed medium potency as hpCA inhibitors, wiis in
facilitated access through biological membranes. A series of the range of 105378 nM. Again a rather large structural
such derivatives were obtained by using benzenesulfonamide/heterogeneity was noted, with some derivatives being (3),4-
1,3,4-thiadiazole-2-sulfonamide scaffolds to which the highly (di)substituted benzenesulfonamides/halogenated sulfanilamides
lipophilic 4-tert-butylphenylcarboxamido or tert-butylphenyl- (3, 8,16, 17, DCP and SLP) or substituted metanilamid2§ (
sulfonamido tails have been attached by the procedures previ-and32) but most of them belonging to the heteroaromatic class
ously developed by this groif Reaction of amino-containing  of sulfonamides, mainly 1,3,4-thiadiazole-2-sulfonami@é, (
benzenesulfonamides or 5-amino-1,3,4-thiadiazole-2-sulfon- MZA, BZA) and benzothiazole-2-sulfonamide derivativas,(
amide with 4tert-butylbenzoyl choride A or 4ert-butylben- EZA). The clinically used antiglaucoma heterocyclic sulfon-
zenesulfonyl chloride B in the presence of triethylamine or in amide BRZ, the antiepileptic sulfamate TPM, and the aliphatic
Schotter-Baumann conditions afforded the new compounds sulfonamide ZNS also belong to this class of medium-potency
25—36 (Scheme 1). Compound®5—36 reported here were  hpCA inhibitors. The tremendous difference of activity between
characterized by routine spectroscopic and analytic proceduresDZA and BRZ should be noted, although the two compounds
that confirmed their structures (see Experimental Section for are structurally similar. Thus, DZA is approximately 21 times

details).

less effective as a hpCA inhibitor as compared to BRZ (these

The hpCA preparations obtained in this study by means of a two compounds are also very weak hCA | inhibitors but very

GST fusion protein technique, previously reported for other
o-CAs by our groug;112showed a catalytic activity similar
to the enzyme reported earlier by Lindskog's gr&ugior the
CO; hydration reaction), with &5 of 2.5 x 10° s71 and
KeafKnm Of 1.47 x 10 M1 s71 at 25°C and pH of 8.9. Thus,
hpCA is rather similar to hCA | from the catalytic viewpoint
(keat OF 2.0 x 10° and keafKm Of 5 x 107 under the same
conditions)?2 as already noted by Chirica et@IHowever, in
contrast to the previous preparation metBbthe GST fusion
protein technique allows the facile preparation of rather high

potent hCA Il inhibitors). On the other hand, all these sulfon-
amides/sulfamates act as very potent hCA Il inhibitors (Table
2), whereas their activity on hCA | is much more variable, as
some of them are strong inhibitor$5, 21, MZA, EZA, BZA,
ZNS, IND), others are medium-potency inhibitors, whereas
others, as mentioned above, are quite weak hCA | inhibitors
(3, 8, 13 DZA, BRZ, 26, and 32). (iv) A last group of 11
derivatives 12, 18 AAZ, 27—30, and33—36) showed potent
hpCA inhibitory activity, with inhibition constants in the range
of 12—84 nM. Except for the benzene-1,3-disulfonamidz

amounts of recombinant hpCA (see Experimental Section for the 4-aminopyrimidinylsulfanilamide derivative8, and acet-

details), needed for the inhibitor screening studies.

azolamide AAZ (the CA inhibitor par excellence), these strong

here act as inhibitors of the bacterial enzyme hpCA, at the samecorporate the 4ert-butylphenylcarboxamido/-sulfonamido moi-

time being inhibitory against the hostCA isoforms hCA |
and Il, but with a quite different behavior against the three
targets (data for hCA | and Il of compounds-24 and AAZ-
IND have previously been publishett 12 but are included for

eties (derivative27—30 and 33—36). Several findings should
be noted here. A large difference of activity against hpCA
has been found for the two strucurally related benzene-1,3-
disulfonamidesl1 and 12, with the last one being 8.40 times

discussing the selectivity issue of these CAls for the bacterial better as an inhibitor as compared 1d. Thus, the bulkier
versus the host enzymes; see later in the text). The hCA | zNStrifluoromethyl group in the 6 position of the benzene ring is

data, are new, together with the hpCA inhibition data of all 47
derivatives. The hCA | and Il data of derivativ@s—36 are
also reported here for the first time. The following SAR can be
drawn from data of Table 2 for the library of investigated
sulfonamides/sulfamates: (i) A group of derivatives, including
5—7, 21-23, and DZA, acted as very weak hpCA inhib-
itors, with inhibition constants in the range 878360 nM.
Except for the heterocyclic sulfonamide DZA, all these com-

detrimental to activity on hpCA as compared to a chlorine atom
in the same position. Derivatization of the sulfanilamigle
homosulfanilamide5, or 4-aminoethylbenzenesulfonamiée
leads to molecules (which are all weak hpCA inhibitors) with
bulky moieties, such as those present in derivati¥&s18,
27—29, and33—35, and leads to an important increase (around
4.5-45 times) of the hpCA inhibitory activity (generally
paralleled by the increase of hCA | and hCA Il inhibitory

pounds are benzenesulfonamide derivatives possessing moietiegctivities too). However, the best inhibitors of the bacterial en-
substituting the benzene ring in the para position with respect zyme were the acetazolamide-like derivati@@sand36, incor-

to the sulfamoyl group, of the aminomethyl/ethyl, hydroxym-
ethyl/ethyl, or carboxy type7(is the fluorinated derivative of

porating the lipophilic 4ert-butylphenylcarboxamido/-sulfon-
amido moieties ; 12—13 nM), together with acetazolamide

sulfanilamide). It may also be noted that all these derivatives AAZ itself, a compound known for its usefulness in treating
act as much better hCA Il and as weaker hCA | inhibitors, as H. pylori-mediated diseasé3.We also confirm the strong

compared to their activity on hpCA. (ii) Derivativels 2, 4,
9—11, 14, 24, IND, 25, and31 were better hpCA inhibitors as
compared to the previously mentioned sulfonamides, with
inhibition constants in the range 41840 nM. From the

inhibitory activity of AAZ against hpCA, as mentioned by
Chirica et al” (but with no quantitative data published in their
work), which possessesig of 21 nM. It should be observed
that the very strong hpCA inhibitor80 and 36 were also



2122 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 6

Nishimori et al.

obtained from a rather inefficient lead (the deprotected precursor Experimental Section

of acetazolamidel3, which has aK; of 323 nM), with an
enhancement of 1527 times the inhibitory activity by deriva-
tization/acetylation (Table 2). It should be also noted that gen-
erally the 4tert-butylphenylcarboxamido derivative®7—30
were slightly less efficient hpCA inhibitors as compared to
the corresponding #ert-butylphenylsulfonamido derivatives
33—36. (v) A main issue regarding the CAls is their selec-
tivity for the target isozyme, considering the fact that the
ubiquitous human isoform hCA Il (which is also a target for
many types of CAl-based drudsy has a high affinity for
sulfonamides/sulfamatés® Indeed, as observed from data of
Table 2, most of the investigated compounds from this study
are better hCA 1l than hpCA inhibitors, with selectivity ratios
below unity (e.g., compound$s—11, 12—24, AAZ-IND, 25,

26, 31, and 32 have selectivity ratios in the range of 0.002

Chemistry. Melting points were recorded with a heating plate
microscope and are not corrected. IR spectra were obtained in KBr
pellets with a Carl Zeiss UR 20 spectrometi. NMR and 13C
NMR spectra were obtained on a Varian Gemini 300BB apparatus
operating at 300 MHz fotH and 75 MHz for'3C, in DMSOds as
solvent. Chemical shifts are expressedaglues (ppm) relative
to MesSi as internal standard. Attributions were done by means
of chemical shifts, peak integration, COSYH(-'H), HETCOR
(*H—13C), attached proton test (APT), model spectra, and selective
deuteration. Elemental analyses were done by combustion for C,
H, and N with an automated Carlo Erba analyzer and w&¥&l%
of the theoretical values. All reactions were monitored by thin-
layer chromatography (TLC) on 0.25-mm precoated silica gel plates
(E. Merck). Compound4, 2, 4—6, 11, 12, 18—20, 23, and AAZ-

SLP are commercially available from SigmAldrich, Merck,
Alcon, DaiNippon, or Johnson & Johnson, where&asr—10,%°

0.94). However, some of the investigated compounds, such as13—17,36:3721, 22,38 and24%° were prepared as reported earlier by
12, 27-30, and33—36, possess selectivity ratios in the range this group. Acyl chloride A, sulfonyl chloride B, solvents, and other
of 1.38-3.48, being thus better inhibitors of the bacterial over Organic/inorganic reagents were commercially available, from
the host enzyme. These selectivity ratios are not very high, but Sigma-Aldrich (Milan, Italy). Sulfonamide25-36 are new and
they are much better than those of acetazolamide (selectivity "Were Prepared as described below. _ _

ratio of 0.57), the compound known to be effective in humans __G€neral Procedure for the Synthesis of Sulfonamides

in treatingH. pylori-mediated diseas@&42Thus,35, with aK 25-36: Method A (Schotten-Baumann synthesis) Five milli-

.. . moles of aminosulfonamide to be derivatized (such as, for instance,
similar to AAZ but a 3.48 better hpCA inhibitor than a hCA 1l 5-amino-1,3,4-thiadiazole-2-sulfonamid@) was dissolved in 15

inhibitor, might show some advantages as compared to them| of an aqueous 2.5 M solution of NaOH and cooled t650°C
clinically used compound in the management kbf pylori in a salt-ice bath. Sulfonyl/acyl chloride A/B (5 mmol) was added
infection. Work is in progress in our laboratories to detect even in small portions concomitantly with 10 mL of a ¢b2 M NaOH
more selective and potent hpCA inhibitors belonging to other solution, with the temperature maintained below”@0 The reaction
classes of compounds. mixture was stirred at room temperature fer® h (TLC control),
then the pH was adjusted to 2 wib N HCI, and the precipitated
sulfonamides were filtered and recrystallized from aqueous ethanol.
Yields were in the range 2579%.

We have cloned and purifigd. pylori CA from patients with Method B. The aminosulfonamidg, 5, 6, 13, or 1 (1 g) was
different gastric mucosal lesions. The enzymes from gastritis, dissolved inN,N-dimethylacetamide (10 mL), and 1 equiv of
gastric ulcer, and gastric cancer patients were identical, pos-sulfonyl/acyl chlorideA/B was added in small portions, together
sessing 247 amino acid residues. Several new ponmorphismsW'_th 1 equiv of sodlum blcarbonaye.or trlethylamlng. The reaction
have been identified in this protein in Japanese patients, such™Xture was left on ice under stirring. After 60 min, 50 mL of
as for example?Ala, 13Thr, 16lle, and 168Phe. Strains with water was added to the reaction mixture, which was then extracted

i . three times with ethyl acetate (25 mL). The organic fractions were
12 1
Ala and*°Thr substitutions in the hpCA sequence seem t0 be ¢jacted and extracted three timestwi 1 N hydrochloric acid

hallmarks for specific variants of the pathogen found in Japan. aqueous solution (15 mL). The organic phase was dried over
A library of sulfonamides/sulfamates has been investigated for magnesium sulfate. After charcoal treatment, the organic phase was
the inhibition of this enzyme, whereas new lipophilic derivatives dried under depression. The final compounds were recrystallized
have been obtained by attachingedt-butylphenylcarboxamido/  as mentioned above. The purity of the final compound was verified
sulfonamido tails to benzenesulfonamide/1,3,4-thiadiazole-2- by TLC (MeOH/CHC} 3/7).

sulfonamide scaffolds. All types of activity for inhibition of the 2-(4+ert-Butylphenylcarboxamido)benzenesulfonamide, 25
bacterial enzyme have been detected. Dorzolamide and simplgMethod A): white crystals, mp 12931 °C (EtOH); IR (KBr)
4-substituted benzenesulfonamides were weak hpCA inhibitors (€M) 1160 (SG™), 1325 (SG*), 1585 (amide I1), 1650 (amide

Conclusions

(K, 873—-4360 nM). Sulfanilamide, orthanilamide, some of their
derivatives and indisulam showed better activiky 413—640
nM), whereas most of the clinically used CA inhibitors, such

as methazolamide, ethoxzolamide, dichlorophenamide, brin-

1); *H NMR (DMSO-dg) (9, ppm;J, hertz) 0.98 (s, 9H, t-Bu), 7.26
(s, 2H, SQNH,), 7.54-7.80 (m, 4H, ArH), 7.76 (d, 2H, ABB’,
8.8), 7.89 (d, 2H, AABB’, 8.8), 10.43 (s, 1H, NHCO}C NMR
(DMSO-ds) (6, ppm) 13.20 (Me); 61.37 (C from t-Bu); 126.61
(C2/C3 of 1,4-phenylene), 127.39 (C of 1,2-phenylene), 128.35

zolamide, topiramate, zonisamide, etc., acted as medium-potencyC3/C2 of 1,4-phenylene), 129.96 (C of 1,2-phenylene), 137.55 (C2

hpCA inhibitors K, 105-378 nM). Some potent hpCA inhibi-
tors were detected tod{( 12—84 nM) among acetazolamide,

of 1,2-phenylene); 139.49 (C1/C4 of 1,4-phenylene), 140.76 (C1
of 1,2-phenylene), 142.25 (C4/C1l of 1,4-phenylene), 160.13

4-amino-6-chloro-1,3-benzenedisulfonamide, and some of the (CONH); Anal. (G7H20N20sS) C, H, N.

compounds incorporating trt-butylphenylcarboxamido/sul-
fonamido tails, newly designed during this work. Most of the
investigated derivatives acted as better hCA Il than hpCA
inhibitors. However, some of the newly prepared derivatives
had selectivity ratios for inhibiting hpCA over hCA Il in the
range of 1.25-3.48, showing thus some selectivity for inhibiting

3-(4+ert-Butylphenylcarboxamido)benzenesulfonamide, 26
(Method B):, white crystals, mp 21920 °C (MeOH); IR (KBr)
(cm™1) 1165 (S@Y™), 1330 (SQ@), 1585 (amide 1), 1645 (amide
1); TH NMR (DMSO-dg) (9, ppm;J, hertz) 0.90 (s, 9H, t-Bu), 7.37
(s, 2H, SGNH,), 7.26-7.61 (m, 3H, ArH), 7.74 (d, 2H, A/BB',
8.8), 7.83 (d, 2H, AABB', 8.8), 7.92 (s, 1H, ArH), 10.40 (s,
1H, NHCO); *C NMR (DMSO-ds) (6, ppm) 13.39 (Me); 61.40

the bacterial enzyme. Since hpCA is essential for the survival (¢ from t-Bu); 126.73 (C2/C3 of 1,4-phenylene), 127.87 (C of

of the pathogen in acid, its inhibition by compounds as those 1 3.phenylene), 128.31 (C3/C2 of 1,4-phenylene), 130.63 (C of
reported here might be used as a new pharmacologic tool in1,3-phenylene), 135.70 (C of 1,3-phenylene), 138.39 (C3 of
the management of drug-resistait pylori. 1,3-phenylene), 139.64 (C1/C4 of 1,4-phenylene), 142.33 (C1 of
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1,3-phenylene), 142.56 (C4/C1 of 1,4-phenylene), 161.59 (CONH);

Anal. (C]ngoNzOgS) C, H, N.
4-(4+ert-Butylphenylcarboxamido)benzenesulfonamide, 27

(Method B): white crystals, mp 2561 °C (MeOH); IR (KBr)

(cm™1) 1160 (SQ»¥™), 1320 (S@), 1585 (amide 1), 1650 (amide

1); TH NMR (DMSO-dg) (6, ppm;J, hertz) 0.93 (s, 9H, t-Bu), 7.30

(s, 2H, SGNHy), 7.73 (d, 2H, AABB', 8.8), 7.82 (d, 2H, AABB’,

8.9), 7.85 (d, 2H, AABB', 8.8), 7.92 (d, 2H, AABB', 8.9), 10.51

(s, 1H, NHCO);3C NMR (DMSO-dg) (6, ppm) 13.25 (Me); 61.54

(C fromt-Bu); 126.67 and 126.74 (C2/C3 of Ph), 128.26 and 128.35
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4-(4+tert-Butylphenylsulfonamido)benzenesulfonamide, 33
(Method A): white crystals, mp 2246 °C (MeOH—water 2:1);
IR (KBr) (cm™1) 1130 and 1160 (S&'™), 1330 and 1335 (S&);
IH NMR (DMSO-dg) (9, ppm;J, hertz) 0.97 (s, 9H, t-Bu), 7.34 (s,
2H, SQNH,), 7.73 (d, 2H, AABB', 8.8), 7.84 (d, 2H, AABB’,
8.9), 7.87 (d, 2H, AABB', 8.8), 7.90 (d, 2H, AABB', 8.9), 11.28
(s, 1H, SONH); 13C NMR (DMSO-ds) (6, ppm) 13.20 (Me); 61.47
(C from t-Bu); 126.67 and 126.80 (C2/C3 of Ph), 128.32 and 128.54
(C3/C2 of Ph), 139.13 and 139.68 (C1/C4 of Ph), 141.71 and 142.65
(C4/C1 of Ph); Anal. (GH20N.04S;) C, H, N.

(C3/C2 of Ph), 139.49 and 139.80 (C1/C4 of Ph), 141.80 and 142.25 4-(4-tert-Butylphenylsulfonamidomethyl)benzenesul-

(C4/C1 of Ph), 160.28 (CONH); Anal. (€,0N;05S) C, H, N.

4-(4-tert-Butylphenylcarboxamidomethyl)benzenesul-
fonamide, 28 (Method A): white crystals, mp 2261 °C (EtOH);
IR (KBr) (cm™1) 1160 (S@¥™M), 1310 (S@9, 1550 (amide I1), 1620
(amide 1);'H NMR (DMSO-dg) (0, ppm; J, hertz) 0.92 (s, 9H,
t-Bu), 4.51 (d, 1H, 6.0), 7.33 (s, 2H, $8H,), 7.49 (d, 2H, AABB',
8.3), 7.73 (d, 2H, AABB', 8.8), 7.80 (d, 2H, AABB’, 8.3), 7.85
(d, 2H, AA'BB', 8.8), 9.15 (t, 1H, NHCO, 5.8}3C NMR (DMSO-
ds) (6, ppm) 13.38 (Me), 42.23 (CH), 61.75 (C fromt-Bu), 125.82

fonamide, 34 (Method A):white crystals, mp 2456 °C (MeOH);

IR (KBr) (cm~2) 1145 and 1160 (S&™M), 1320 and 1355 (S&9;

IH NMR (DMSO-dg) (6, ppm;J, hertz) 0.96 (s, 9H, t-Bu), 4.50 (d,
1H, 6.0), 7.34 (s, 2H, SfMH,), 7.50 (d, 2H, AABB', 8.3), 7.71

(d, 2H, AA'BB', 8.8), 7.84 (d, 2H, AABB', 8.3), 7.89 (d, 2H,
AA'BB', 8.8), 10.27 (t, 1H, S@\H, 6.1); 13C NMR (DMSO-dg)

(6, ppm) 13.08 (Me), 42.27 (Chl 61.50 (C from t-Bu), 126.09
and 126.41 (C2/C3 of Ph), 127.83 and 128.69 (C3/C2 of Ph), 139.76
and 140.97 (C1/C4 of Ph), 143.15 and 143.90 (C4/C1 of Ph); Anal.

and 126.41 (C2/C3 of Ph), 127.59 and 128.66 (C3/C2 of Ph), 139.60 (C17H22N20:S,) C, H, N.

and 141.35 (C1/C4 of Ph), 143.61 and 144.72 (C4/C1 of Ph), 161.32

(CONH), Anal. (C13H22N203S) C, H, N.
4-(4-tert-Butylphenylcarboxamidoethyl)benzenesul-
fonamide, 29 (Method B):white crystals, mp 2334 °C (MeOH);
IR (KBr) (cm™1) 1160 (S@»™), 1330 (S@*), 1550 (amide I1), 1610
(amide 1) H NMR (DMSO-ds) (6, ppm;J, hertz) 0.93 (s, 9H, t-Bu),
2.91 (t, 2H, 7.2), 3.49 (q, 2H, 6.4), 7.31 (s, 2H, HlBl,), 7.43 (d,
2H, AA'BB', 8.3), 7.68 (d, 2H, AABB', 8.8), 7.75 (d, 2H, AABB',
8.1), 7.81 (d, 2H, AABB', 8.8), 8.62 (t, 1H, NHCO, 5.7}3C NMR
(DMSO-dg) (6, ppm) 13.40 (Me), 34.85 (CHPh), 40.22 (N-CH),
61.60 (C fromt-Bu), 127.92 and 128.50 (C2/C3 of Ph), 129.20

and 131.24 (C3/C2 of Ph), 139.99 and 141.24 (C1/C4 of Ph), 143.71

and 144.65 (C4/C1 of Ph), 161.16 (CONH); Anal;§8,4N,03S)
C, H, N.
5-(4+tert-Butylphenylcarboxamido)-1,3,4-thiadiazole-2-sul-
fonamide, 30 (Method A): white crystals, mp 2762 °C (EtOH);
IR (KBr) (cm™1) 1170 (S@¥™M), 1310 (S@), 1540 (amide I1), 1650
(amide 1);'H NMR (DMSO-de) (6, ppm; J, hertz) 0.89 (s, 9H,
t-Bu), 7.71 (d, 2H, AABB', 8.7), 7.81 (d, 2H, AABB', 8.7), 8.38
(s, 2H, SGNHy), 13.62 (br s, 1H, NHCO)}*C NMR (DMSO-ds)
(6, ppm) 13.57 (Me), 61.31 (C from t-Bu), 128.33 (C2/C3 of Ph),
131.17 (C3/C2 of Ph), 141.56 (C1/C4 of Ph), 144.28 (C4/C1
of Ph), 160.13 (CONH), 162.01 (C-thiadiazole), 164.71 (C-thia-
diazole); Anal. (GsH16N4O3S;) C, H, N.
2-(4+ert-Butylphenylsulfonamido)benzenesulfonamide, 31
(Method A): white crystals, mp 1646 °C (EtOH); IR (KBr)
(cm™1) 1135 and 1160 (S'M), 1325 and 1370 (S£); *H NMR
(DMSO-ds) (6, ppm; J, hertz) 0.90 (s, 9H, t-Bu), 7.35 (s, 2H,
SONHy), 7.51-7.78 (m, 4H, ArH), 7.78 (d, 2H, A/BB’, 8.9),
7.90 (d, 2H, AABB', 8.9), 11.69 (s, 1H, SDIH); 3C NMR
(DMSO-ds) (0, ppm) 13.35 (Me); 61.27 (C from t-Bu); 126.12
(C2/C3 of 1,4-phenylene), 127.03 (C of 1,2-phenylene), 128.30

4-(4-tert-Butylphenylsulfonamidoethyl)benzenesul-
fonamide, 35 (Method B):white crystals, mp 21820 °C (EtOH);
IR (KBr) (cm1) 1145 and 1160 (S&™), 1330 and 1360 (S8);
IH NMR (DMSO-de) (6, ppm;J, hertz) 0.93 (s, 9H, t-Bu), 2.90 (t,
2H, 7.2), 3.52 (q, 2H, 6.4), 7.30 (s, 2H, 8M,), 7.46 (d, 2H,
AA'BB', 8.3), 7.69 (d, 2H, AABB', 8.8), 7.75 (d, 2H, AABB’,
8.1), 7.80 (d, 2H, AABB', 8.8), 10.17 (t, 1H, SENH, 5.9); 13C
NMR (DMSO-dg) (6, ppm) 13.12 (Me), 34.80 (CHPh), 40.13
(N-CHy), 61.37 (C from t-Bu), 127.60 and 128.14 (C2/C3 of Ph),
129.17 and 130.85 (C3/C2 of Ph), 138.76 and 140.16 (C1/C4 of
Ph), 142.80 and 144.19 (C4/C1 of Ph); Anal dd:.,N,0,S;) C,
H, N.
5-(4-tert-Butylphenylsulfonamido)-1,3,4-thiadiazole-2-sul-
fonamide, 36 (Method A): white crystals, mp 2546 °C (EtOH);
IR (KBr) (cm=1) 1135 and 1170 (S£'™), 1310 and 1330 (S£);
IH NMR (DMSO-dg) (6, ppm;J, hertz) 0.95 (s, 9H, t-Bu), 7.70
(d, 2H, AA'BB', 8.7), 7.86 (d, 2H, AABB', 8.7), 8.49 (s, 2H,
SO,NHy), 13.87 (br s, 1H, SNH); 33C NMR (DMSO-ds) (0, ppm)
13.25 (Me), 61.69 (C from t-Bu), 128.23 (C2/C3 of Ph), 131.55
(C3/C2 of Ph), 141.18 (C1/C4 of Ph), 144.62 (C4/C1 of Ph), 162.53
(C-thiadiazole), 164.90 (C-thiadiazole); Anal.,6816N404S;) C,
H. pylori Strain. For screening analysis for hpCA, a panel of
H. pylori strains was obtained upon clinical examinations from
patients with a variety of gastric mucosal lesions, including 15
patients with gastritis, 6 patients with gastric ulcer, and 16 patients
with gastric cancer. All patients were residents in Japarpylori
was cultured as previously report&din brief, gastric biopsy
specimens obtained by endoscopy were immediately spread onto
M-BHM pylori plates (Nikken Biomedical, Kyoto, Japan). Fol-
lowing incubation under microaerophilic conditions by use of the
Campy-Pouch system (Becton Dickinson, Cockeysville, MD),
cultured bacteria were confirmed as beirg pylori by light

(C3/C2 of 1,4-phenylene), 129.87 (C of 1,2-phenylene), 137.24 (C2 microscopy with Gram staining or fluorescence microscopy with

of 1,2-phenylene); 139.58 (C1/C4 of 1,4-phenylene), 140.61 (C1
of 1,2-phenylene), 142.05 (C4/C1 of 1,4-phenylene); Anal.
(C16H20N204S,) C, H, N.
3-(4-tert-Butylphenylsulfonamido)benzenesulfonamide, 32
(Method A): white crystals, mp 2546 °C (MeOH-water 1:1);
IR (KBr) (cm™1) 1135 and 1165 (S©'™), 1330 and 1350 (S&);
IH NMR (DMSO-dg) (6, ppm;J, hertz) 0.92 (s, 9H, t-Bu), 7.30 (s,
2H, SQNHy), 7.26-7.61 (m, 3H, ArH), 7.75 (d, 2H, A/BB’,
8.9), 7.873 (d, 2H, AABB’, 8.9), 7.90 (s, 1H, ArH), 11.23 (s, 1H,
SONH); 3C NMR (DMSO-ds) (0, ppm) 13.30 (Me); 61.51 (C
from t-Bu); 126.73 (C2/C3 of 1,4-phenylene), 127.34 (C of 1,3-
phenylene), 128.93 (C3/C2 of 1,4-phenylene), 130.15 (C of 1,3-
phenylene), 135.47 (C of 1,3-phenylene), 138.42 (C3 of 1,3-

phenylene), 139.20 (C1/C4 of 1,4-phenylene), 142.13 (C1 of 1,3-

phenylene), 142.75 (C4/C1 of 1,4-phenylene); AnalgizoN,0,S;)
C, H, N.

diaminos-phenylindole staining as previously reportédDNAs
were extracted from the bacteria by using a DNeasy kit (Qiagen,
Hilden, Germany) and stored at20 °C until later use.

DNA Sequencing.A panel of DNA samples from the patients
was subjected to PCR amplification and sequencing of full-length
DNA coding the hpCA. The GenBank database search identified
three DNA clones of hpCA. One clone (HP1186, Accession Number
AE000511) was obtained from. pylori strain 26695 by TIGR
sequencing centéf;3and the other (jhp 1112, Accession Number
AE001439) was from the strain J99 by ASTRA research cefiter.
The remaining clone was obtained from the safgylori strain,
26695, as the one used by the TIGR sequence center but showed
somewhat different DNA sequence of hp€ABased on 5 and
3'-uncoding regions of the hpCA sequence of jhp 1112 clone, in
the present study, a primer pair was synthesized for polymerase
chain reaction (PCR). The sequences of the primer pairs were as
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follows: 5-TAACTGCGGTCATTATTGATTAAGC-3 and 5- PRISM 3. The curve-fitting algorithm allowed us to obtain thg)C
TCACAAAATACAAGCGGTTGCAAT-3'. The PCR reactionwas  values (working at the lowest concentration of substrate of 1.7 mM),
hot-started with incubation for 1 min at 9€ and consisted of 35  from whichK, values were calculated by using the CheiRgusoff
cycles of 30 s at 94C, 30 s at 55C, and 90 s at 72C. The PCR equation?~ ! The catalytic activity (in the absence of inhibitors)
product was sequenced by use of an ABI PRISM dye termination of these enzymes was calculated from Linewea®Bark plots, as
cycle sequencing kit (Perkin-Elmer, Foster City, CA) and an ABI reported earlier, and represent the mean from at least three different
370A DNA sequencer (ABI, Foster City, CA). determination8- 11 Enzyme concentrations in the assay system
Preparation of Recombinant Protein. The cDNA fragment were: 9.2 nM for hCA |, 7.6 nM for hCA I, and 10.3 nM for
encoding the open reading frame of hpCA (based on the DNA hpCA.
sequence of jhp 1112, Accession Number AE001439) was amplified  Statistics Differences in the frequency distribution of amino acid
from a H. pylori strain isolated from a Japanese patient with polymorphisms amonk. pylori strains from patients with a variety
gastritis. DNA sequencing showed that the hpCA clone inherited of gastric mucosal lesions were assessed by jtheest, and
the identical polymorphism types as KMT-12 clone did (Figure differences withP values of<0.05 were considered significant.
1). Because Chirica et &l.reported that the full-length gene product
of hpCA is possibly toxic to thé&. coli host cell BL21(DE3), we Acknowledgment. This work was supported in part by a
set two types of Sprimers: one primer started from the first  grant from the Japanese Ministry of Education, Science, Sports
methionine and another from glutamic acid at the 19th residue, and Culture (9770363) and by an EU grant (to C.T.S. and A.S.)

lacking a putative N-terminal signal sequence 18 amino acids#ong. .
Sequences for adopter primers includiianmH|l and EcoRlI of the 6th framework program (EUROXY project).

recognition sequences (underlined in the following sequences,
respectively) were as follows:'£GGGATCCATGAAAAAAA-
CTTTTTTGATCGCTTTA-3 for the full-length protein, 5CG-
GGATCCATGGACACCAAATGGGATTATAAGAATAAAGAA-

3 for the N-terminal truncated protein, and-GGGAATTCT-
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