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PCR-Based RFLP Analysis ofureC Gene for Typing of Indian
Helicobacter pylori Strains from Gastric Biopsy Specimens and Culture
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Since culture ofHelicobacter pyloriis relatively insensitive and cumbersome, molecular detection and
typing of H. pylori isolates are gaining importance for strain differentiation. In the present study
genomic DNA of 42 gastric biopsies an#ll. pylori isolates from corresponding patients were analyzed
and compared by PCR-based RFLP assay. The 1,132-bp product representing an internal portion of
ureC geneof H. pylori was amplified by PCR and digested with restriction enzymedindlll, Alul and
Pvul. The Hindlll, Alul and Pvul digestion produced 4, 7, and 2 distinguishable RFLP patterns respec-
tively from 42-H. pylori isolates. By combining all three restriction enzyme digestions, 15 RFLP pat-
terns were observed. However, when PCR products from 42 gastric biopsy specimens were digested by
restriction enzymesHindlIl, Alul and Pvul, we observed 5, 8 and 2 RFLP patterns, respectively. Pat-
terns from 34 of 42 gastric biopsy specimens matched those of correspondidgpylori isolates from
respective patients. Patterns from the remaining eight biopsy specimens differed and appeared to rep-
resent infection with twoH. pylori strains. The patterns of one strain from each of these biopsies was
identical to that of the isolate from corresponding patients and the second pattern presumably rep-
resented the co-infecting strain. From the study, it appears that PCR-based RFLP analysis is a useful
primary tool to detect and is distinguishH. pylori strains from gastric biopsy specimens and is superior
to culture techniques in the diagnosis of infection with multiple strains oH. pylori.
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Helicobacter pyloriis a gram-negative, microaerophilic continued but undetected disease.
organism that colonises human gastric mucosa. It has Attempts to differentiateH. pylori strains have been
been proved thaH. pylori is the causative agent of made using a variety of conventional typing schemes, like
chronic gastritis and peptic ulcer diseases and is also &aemagglutination (Huare al.,1998), biotyping (Megraud
risk factor for gastric cancer, Nomuea al., 1991; Par- et al.,1985), cytotoxin activity (Figurat al. 1989), plas-
sonnetet al., 1991; The World Health Organization has mid profile (Penfoldet al., 1988), sodium dodecyl sul-
classifiedH. pylori as a class | carcinogen (IARC Work- phate- polyacrylamide gel electrophoresis of proteins
ing Group. 1994). Epidemiological studies have shown(Megraudet al.,1985) and immunoblotting (Burnit al.,
that H. pylori infection occurs worldwide at a high prev- 1988). However, each of these methods has been of little
alence rate. Recurrence of infection after apparent eradiuse for precise differentiation &f. pylori strains. Although
cation has also been reported and is associated with theeveral nucleic acid techniques, such as restriction endo-
recurrence of ulcers. However, it is unclear whether thenuclease analysis of genomic DNA (Majewski and Good-
recurrence of ulcers following. pylori eradication ther-  win, 1988; Claytonet al.,, 1991) and Southern blot
apy is due to recrudescence of the previous infection or tdwybridization with rRNA gene probes (Owenhal.,1991)
exogenous re-infection by another strain. An accuratehave been applied to type pylori clinical isolates from
method for the detection and differentiationHbf pylori different patients, the patterns obtained by these methods
strains in patients both before and after therapy is thereare complex and difficult to interpret, particularly for
fore of great importance for diagnosis, monitoring of large scale analysis of clinical isolates. Recently, PCR-
treatment, and reduction of the long-term consequences dbased restriction fragment length polymorphism (RFLP)
analysis and randomly amplified polymorphic DNA
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et al., 1994). PCR based RFLP schemes have been useplurified from freshly harvested bacterial cells by the
to analyzeH. pylori genes, which encode urease and its alkali lysis method and was dissolved in distilled water
accessory proteins, including the 2.4-keA-ureB 1.7- (Sambrooket al.,1989). DNA of biopsy specimens from
kb ureC-ureD (Formanet al., 1991;Akopyanzet al, patients positive foH. pylori by culture and histology
1992), 933-bpureB (Clayton et al., 1993) and 820-bp was prepared as follows: the frozen biopsy specimen was
ureC (Fujimoto et al., 1994) genes. The published data thawed, crushed and approximately 10 volumes of extrac-
have shown PCR-based RFLP typing is a rapid, sensitivaion buffer [10 mM Tris-Cl (pH 8.0), 0.1 M EDTA (pH
method and capable of discriminating among clinical iso- 8.0), 0.5% SDS, 2(dg/ml pancreatic RNAse and protein-
lates, but the studies were limitedHopylori isolates cul-  ase K 20Qug/ml] and 20Qul of 0.5% N-acetyl-L-cysteine
tured from gastric biopsy specimens. (Sigma, USA) solution were added and stirred for 1 h in
In this study, we report a PCR-based RFLP analysis to2-ml cryo tubes. After centrifugation, the supernatant was
differentiateH. pylori strains directly from gastric biopsy collected and proteinase K was inactivated by heating at
specimens and the results were compared Mitpylori 98°C for 10 min. DNA was extracted twice with phenol:
isolates from corresponding patients. chloroform: isoamyl alcohol (25:24:1) and once with
chloroform: isoamyl alcohol (24:1) followed by precipi-
tation with a double volume of absolute ethanol. Samples

Materials and Methods were incubated for 1 h at % and then were centrifuged
at 13%g for 15 min at 2C. The DNA pellet was washed
H. pylori strains and patients in 70% ethanol, dried and resuspended ipld@ater. The

Forty-two H. pylori strains were isolated from the gastric quality and quantity of DNA were determined spectro-
biopsy specimens of 42 patients (23 men and 19 femalegphometrically at 260 nm and 280 nm.

mean age 46 years; age range 22 to 75 years) attending

the endoscopy units in the gastroenterology departmentPrimers

for upper gastrointestinal complaints. Patients taking anti-The oligonucleotide primers forward and reverse from
biotics, with bleeding ulcers or an acute hemorrhage fromthe known sequence afreC that encodes the urease
other sites in the upper gastrointestinal tract and a patienstructural gene (Labignet al., 1991; Richardet al,

who had recently had surgery of the stomach werel1993) were used for PCR based RFLP and synthesized
excluded. All patients gave informed consent to be biop-from Genset, Lithuania.

sied. The known strain, CCUG 17874 (provided by Dr. B.
Kaijser, University of Goteborg, Sweden) was used as ¢
ureC positive control in this study. Three gastric biopsy 5'-TTTGGGACTGATGGCGTGAGGGGTAA3'  519-544
specimen from each patient were collected from a similar 28 5'- GGACATTCAATTCACCAGGTITTGAGG-3"  1650-1623
location in the antrum of the stomach from each patient.

One piece each of the specimens from each patient waBCR amplification

cultured forH. pylori, examined histologically by Giemsa Amplification was performed in a 5@l reaction mix-

Length Sequences Annealing Position

and subjected to PCR-based RFLP analysis. ture volume containing a 20M concentration of each
oligonucleotide primer, 20QuM each dATP, dCTP,
Culture of H. pylori from gastric biopsy specimens dGTP and dTTP (MBI Fermantas, Singapore), 10X

For bacterial culture, the gastric biopsy sample was homogreaction buffer (MBI Fermantas, Singapore), dOof
enized and cultured on Brucella chocolate agar containingemplate DNA sample (100 ng DNA) and 2.5 units of
antibiotic supplement (vancomycin 10 mg/L, polymyxin-B Taq polymerase (MBI Fermantas, Singapore). Twenty-
2500 IU/L, and amphotericin-B 5 mg/L) with 7% sheep five cycles of amplification were performed in a DNA
blood (Shanjanat al.,1996). Plates were incubated at@7 thermal cycler (Perkin Elmer Cetus, USA). The follow-
in microaerophilic atmosphere with CQ0%, Q 5% and ing cycle conditions were used: 25 cycles atC4for

N, 85%. Plates were opened after 72 h and every 48 h aftert.5 min, 58C for 1 min, and 7Z for 2 min, and a final
wards if no growth was obtained. Plates were discardecextension step at 7@ for 5 min. DNA extracted from
only after 7 days of incubation. Organisms were identified the type strain and plain distilled water were used as the
asH. pylori based on colony morphology, modified Gram positive and negative controls respectively in each
staining, and positive oxidase, catalase and rapid ureasbatch of PCR assays.

tests. Histological sections of formalin-fixed biopsy speci- For identification of the amplified products, 0 of
mens were stained with haematoxylin-eosin to evaluate thehe PCR mixture was analyzed by electrophoresis on

presence oH. pylori. 1.5% agarose gels (Sigma, USA), stained with ethid-
ium bromide 0.5ug/ml and visualized under UV illu-
Processing of the sample for PCR assay mination. Electrophoresis was performed in TBE

Genomic DNA fromH. pylori isolates was extracted and buffer.
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Restriction digestion of ampliﬁed DNA Table 1.Restriction digest profiles of 42 clinical. pylori isolates

The amplified DNA product was extracted from low melting ~— gnzyme RFLP patterns (frequencies)*

point (LMP) agarose gel electrophoress as the method of— . 4, H1 (4), H2 (16), H3 (16), H4 (6)

Sambroolet al (1989). A 10 pl purified amplified DNA was Al Al (4), A2 (10), A3 (12), Ad (2), A5 (2), A6 (4), AT (8)

digested with 10 U of the restriction enzyimdill, Alul, PuU P1(32), P2 (10)

andPvu for 6 hrs at 3T in the appropriate buffer solution *The HL1 in the restriction pattern profile refers to Hiaedlll pattern,

as _recommen_ded by the manufacturer (Bangalore Genethe Al refers to thAlul pattern, and the P1 refers to fheu pattern.

India). The digests were analyzed by electrophoresis in Figures in parentheses indicates numbet.opylori strains.

2% agarose gels (metaphor agarose; Sigma, USA). The

gels were examined under transillumination and photo-assay was performed on genomic DNA ofH#t2pylori iso-

graphed. The sizes of digested DNA fragments were estilates and gastric biopsy specimens from their corresponding

mated from migration distances of a 100-bp DNA ladder patients. The 1,132-bp fragments obtained by PCR were fur-

molecular weight standard (MBI Fermentas, Lithuania). ther digested with three restriction enzymidmdill, Alul,
andPvd, and analyzed by agarose gel electrophoresis. The
PCR products from 48. pylori isolates subjected to RFLP

Results analysis showed 4, 7, and 2 distinguishable digestion patterns

by Hindlll, Alul, andPvu respectively (Table 1). By com-

A total of 42 strains were isolated from biopsy specimensbining all three restriction enzyme digestion patterns, we

of 14, 22 and 6 patients with gastritis, peptic ulcers andobserved 15 distinct RFLP patterns fromtHizylori isolates

portal hypertension (PHT), respectively. (Table 2).
However, when the PCR products from 42 gastric biopsy
ureC PCR assay for H. pylori specimens were digested by the restriction enzyimesl|,

The PCR assay successfully amplified a fragment of theAlul, and Pvd, we observed 5, 8, and 2 RFLP patterns
expected 1,132 bp from the DNA preparation of ithe  respectively. The patterns from 34 of 42 gastric biopsy spec-
pylori type strain, CCUG 17874, with th@eC primers. imens matched those from the corresponéingylori iso-
Genomic DNA of the 4H. pylori isolates and the gastric lates from respective patients. The three enzyme digest
biopsy specimens from corresponding patients alsocombination patterns of the remaining eight biopsy speci-
yielded the amplified product of the same molecular sizemens from patients 4, 7, 8, 11, 17, 26, 35, and 37 appeared
as that ofH. pylori type strains CCUG 17874 (Fig. 1).  to represent infections with twé. pylori strains; one pattern
Human genomic DNA and DNA from closely related was identical to that of the isolate from the corresponding
non-H. pylori species Campylobacter jejni and 4 ure-  patient (Table 2). The gastric biopsy specimen from patient
ase-positive bacterial species not relatedHto pylori 28, Hindlll and Pvu generated combination RFLP patterns
(Klebsiella pneumoniae, Serratia marcescens, Proteusdifferent from that of the isolate, whifdul generated a pat-
mirabilis, Providentia rettgejiwere used to test the spec- tern identical to that of the corresponding isolate. Represen-
ificity of the PCR assay. The Desired product could not betative results of restriction enzyme digestion of PCR-
amplified from the DNA of all the noH- pylon species  amplified products fromH. pylori isolates and their corre-
when tested by agarose gel electrophoresis. sponding gastric biopsy specimens from each patient are
shown in Fig. 2.
RFLP analysis
In order to determine whether the PCR-based RFLP analRelationship between H. pylori RFLP types and gastrointesti-
ysis method could differentiate. pylor strains directly — nal disease
from gastric biopsy specimens without culturing, the PCRThe large number of isolates presented an opportunity to
investigate the distribution of strain types associated with pep-
tic ulcers, gastritis, and portal hypertension in north India. Of
22 strains of peptic ulcer, four strains were of RFLP type 6,
three each were of type 10 and type 15 and two strains of each
type 4, 7, 11, or type 14 (Table 3). In contrast, three, two, and
four strains from a patient with gastritis were of RFLP type 8,
type 9 or type 12. In PHT patients out of six strains, most of
the strains were RFLP type 12 (two strains). RFLP type 4, 6,
Fig. 1. PCR amplification product of H. pylori ureC gene. Lanes: 7, 10 and 11 were found Only_ in ulcer patients. .".1 ConFraSt’
1,3,5,7 and 9-from biopsies and 2,4,6,8 and 10 - from their correspondRFLP type 9 was found only isolates from gastritis patients
ing isolates respectively, 11 - positive control H. pylori CCUG 17874, (Table 3). Thus the results suggest that duodenal ulcers, gas-
12 - negative control and M- molecular weight markex174 DNA/ tritis and PHT in India are not associated with the sap@
Haelll digest, Bangalore Genei Pvt. Ltd. India). RFLP type.

1,132 bp i
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Table 2. PCR-based RFLP analysis of B2 pylori clinical isolates and (@) ™ Hi HZ H3 H4
their corresponding biopsy specimensHindlll, Alul andPvul =
RFLP Pattern (s) with- &15
Patients HlndIII. Alul | Pvu. 483
Isolate Blopsy Isolate Blopsy Isolate Blopsy T
specimen specimen specimen
1 H1 H1 A7 A7 P1 P1 185
2 H1 H1 A7 A7 P1 P1
3 H1 H1 A7 AT P2 P2 () a1 A2 A3 A4 AT A& AT
4* H1 H1, H5 A7 A7, A3 P2 P2, P1
5 H2 H2 Al Al P1 P1
6 H2 H2 Al Al P1 P1

7 H2 H2, H1 A2 A2, A7 P1 P1, P2
8* H2 H2, H4 A2 A2, A7 P1 P1, P2

9 H2 H2 A2 A2 P2 P2

10 H2 H2 A2 A2 P2 P2

11* H2 H2, H5 A3 A3, A7 P1 P1, P2

12 H2 H2 A3 A3 P1 P1

13 H2 H2 A3 A3 P1 P1

14 H2 H2 A3 A3  P1P2 P1

15 H2 H2 A3 A3 P2 P2

16 H2 H2 A3 A3 P2 P2

17* H2 H2, H3 A6 A6, A8 P1 P1, P2

18 H2 H2 A6 A6 Pl Pl Fig. 2. PCR-based RFLP patterns from the H.2pylori isolates an

19 H2 H2 A6 A6 P1 P1 their corresponding gastric biopsy specimens with three dif

20 H2 H2 A6 A6 P1 P1 restriction enzymed. Hindlll digests (H1 to H4)B. Alul digests (Al

21 H3 H3 Al Al P2 P2 to A7), andC. Pvd digests (P1 and P2). The left lane of each pi

22 H3 H3 Al Al P2 P2 an H. pylori isolate and the right lane is the corresponding g:

23 H3 H3 A2 A2 P1 P1 biopsy specimen. Lane M is a 100-bp DNA ladder.

24 H3 H3 A2 A2 P1 P1

25 H3 H3 A2 A2 P1 Pl Table 3. PCR-RFLP types from different gastroduodenal diseases

26* H3 H3,H2 A2 A2,A3 P1  P1,P2 : : :

27 H3 H3 A2 A2 p2 p2 RFLP type No. of isolates from different disease groups

28 H3 H3 A2 A2 P2 P2 (No. of strains)  Gastritis Ulcer PHT

29 H3 H3 A3 A3 P1 P1 12 1 0 1

30 H3 H3 A3 A3 P1 P1 2(2) 1 1 0

31 H3 H3 A3 A3 P1 P1 3(2) 0 1 1

32 H3 H3 A3 A3 P1 P1 4(2) 0 2 0

33 H3 H3 A3 A3 P1 Pl 52 1 1 0

34 H3 H3 A3 A3 P1 P1 6(4) 0 4 0

35% H3 H3,H2 A4 A4,A8 Pl  PLP2 7(2) 0 2 0

36 H3 H3 A4 A4 P1 P1 8(4) 3 0 1

37* H4 H4H3 A5 A5 A7 Pl PLP2 9(2) 2 0 0

38 HA  H4 A5 A5 P1 P1 12 E‘Z‘; é 2 8

39 H4 H4 A7 A7 P1 P1 12(6) 4 0 2

40 H4 H4 A7 A7 P1 P1 13(2) 0 1 1

41 H4 H4 A7 A7 P1 P1 14(2) 0 2 0

42 H4 H4 A7 A7 P1 P1 15(4) 1 3 0
*Gastric biopsies infected with two strains when compared with the cor- Total 42 14 22 6

responding culture isolate.
Discussion related with its epidemiological and pathological charac-

teristics and dynamics of transmission. The PCR-based
In recent years, many investigators applying molecularRFLP analysis has been widely accepted for typing and
techniques have revealed thHt pylori possesses a differentiation of H. pylori strains from clinical speci-
remarkable degree of genetic diversity, which is closelymens. This method has been used to analyze condérved
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pylori genes, especially those encoding urease structurdhree biopsy specimens obtained during a single endos-
and accessories proteins (Foxatllal., 1992; Fujimotoet copy. These data indicate that some patients are infected
al., 1994; Shortridgeet al.,1997 and Oweet al, 1998). by multiple isolates oH. pylori. Examination of large

In our study, a PCR assay employing a primer pairnumbers of isolates from individual patients will permit a
derived from theureC gene sequence successfully ampli- better quantitation of the extent of multiple infections. How-
fied a 1,132-bp fragment. from 42 clinical isolates and ever, infection by multiple strains seems to be uncommon
their corresponding gastric biopsy specimens but not fromin India, and mixed cultures are likely to be missed in the
DNA of closely related noidelicobacter species(C. extensive incubation and sub-culturing steps prior to typ-
jejuni), and four other urease-positive bacterial species notng.
related toH. pylori. Richardet al., 1993 had also tested Although several PCR-based RFLP protocols have been
ureC gene primers on bacterial strains of closely relateddeveloped for the differentiation bf. pylori strains, most
genera and various urease-positive bacterial species anaf the studies have been carried out-hrpylori isolates
found themH. pylori specific. The present study corrob- from gastric biopsy specimens. Culture tf pylori is
orates the earlier data thatC gene is an excellent target time consuming and not very sensitive. Our PCR-based
for PCR assay ofl. pylori and the results have demon- RFLP protocol provides a means for direct detection and
strated a great diversity in urease genes ankbrylori differentiation ofH. pylori strains in gastric biopsy spec-
clinical isolates. imens without culture. Claytost al. 1993 also applied the

In the present studyd. pylori isolates were grouped on PCR-restriction endonuclease analysis method directly to
the basis of restriction enzyme analysis of the 1,132 bpbiopsy samples and suggested its use for epidemiological
PCR product otireC gene Hindlll restriction digest pat-  investigation on the transmission of this pathogen. This
terns differentiatedH. pylori isolates into four groups shows that PCR-based RFLP assay may be useful as a
(Table 1). Further, the isolates were differentiated on theprimary approach for the identification of specifit
basis ofAlul or Pvu restriction digest patternglul and pylori strains in gastric biopsy specimens without cultur-
Pvu differentiate each isolate into seven and two groupsing.
respectively (Table 1). When RFLP patterns obtained by The present study also showed that there is a relation
three different enzymesilindlll, Alul and Pvd were between the RFLP type of tlueeC gene and the clinical
combined, we observed 15 distinct RFLP patterns amonghutcome, a finding in agreement with previaeports
the 42H. pylori clinical isolates (Table 2). In a recent (Mooreet al., 1993;Gzylet al., 1999). Of 22 strains of
comparable study it was suggested that a portion of thepeptic ulcer, most of the strains were RFLP type 6, 10 or
ureC gene could be a reliable scheme for differentiating 15. In contrast, of 14 strains isolated from patients with

H. pylori isolates (Richarat al, 1993). gastritis, most were RFLP types 12, 8 or 9; most of the
By using this method, 5, 8, and 2 distinct RFLP patternsstrains in PHT patients were RFLP types 12. RFLP types
were generated by three restriction enzyriesllll, Alul, 4, 6, 7, 10 and 11 were found only in ulcer group. In the

andPvd, respectively from 42 gastric biopsy specimens. contrast, RFLP type 9 was found in patients with gastritis
The RFLP patterns from 34 (81%) of 42 gastric biopsy (Table 3). Thus our results suggest that ulcer, gastritis and
specimens were found to be identical to thogd.gdylori portal hypertension in India are not associated with the
isolated from the corresponding patients. The combina-sameureC RFLP type and that the RFLP type of threC
tion of RFLP patterns from the remaining eight gastric gene is unrelated to the disease status such as ulcers, gas-
biopsy specimens, suggested the colonization of stomaclritis and PHT.
by two H. pylori strains in these eight patients, the with  Several studies have confirmed that PCR-based RFLP
one of the two patterns from biopsy specimen alwaysanalysis of thaireC gene can differentiatd. pylori clin-
matching that from its corresponding culture isolate. Asical isolates. Fujimotet al. 1994 have shown that diges-
shown in Table 2, gastric biopsy specimens from patientdion of an 820-bp PCR amplified portion &f. pylori
4,7, 8,11, 17, 26, 35, and 37 were probably colonized byureC gene by the restriction enzymethal, Mbd, and
two strains ofH. pylori. Only 8 (19%) of 42 patients had Msd resulted in 10, 10, and 11 different patterns, respec-
mixed infections, suggesting that a majority of our tively. The 25H. pylori clinical isolates, however, could
patients was typically colonized with a single strain. be grouped into 25 distinct RFLP patterns when the three
It has been previously reported that two straingiof  digestion patterns were combined. Chuastfial. (1997)
pylori have been found in the stomachs of some patienthave also shown that digestion of an 1,179-bp PCR
(Fujimoto et al., 1994; Oweret al., 1994; Prewetet al, amplified portion ofureC gene ofH. pylori by the restric-
1992). These data are consistent with the observation ofion enzymesihal, Mbd, andAlul, generated 11, 10, and
Fox et al. 1993; three distinct strains were found in iso- 6 digestion patterns respectively. TheH.9ylori clinical
lates from the same patients and two strains were foundsolates, however, could be grouped into 19 distinct RFLP
from each of 4 patients. Begit al. (1989) also described patterns when the three digestion patterns were combined.
one patient who had three different DNA patterns from De Saiet al.(1994) found that twenty-four combineitk-
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ACD profiles were generated witHindlll, subdividing Abstr H-1993, p.206.

the 64 strains into 11 types and 13 single profiles. Foxall, P.A., L.T. Hu, and H.L.T. Mobley. 1992. Use of polymerase
The present findings suggest that the PCR-based RFLP chain reaction-amplifiedHelicobacter pyloriurease structural

technique may be useful for epidemiological studield.of gz;es for differentiation of isolatek.Clin. Microbiol 30, 739-

pylori infection directly from gastric biopsies. It appears
to b? more dlsc_rlmlna_ltory_and superior t_o Culture—based restriction fragment length polymorphism typing Helico-
studies in detecting mixed infection. Infection by multiple bacter pylori J. Clin. Microbiol 32, 331-334
strains seems to be uncommon in this country and treatg,y; A D, Dzierzanowska. and E. ’RozynekI1999. PCR-based
ment failure is not generally due to reinfection with a dif- " giagnosis ofHelicobacter pyloriinfection in Polish children
ferent strain but rather due to the persistence of the same and adultsJ Med Microbiol 48, 349-356.
infecting strain. Huang, J., C.J. Smyth, N.P. Kennrd, J.P. Arbuthnott, and Keeling.
1998. Hemagglutinating activity @ampylobacter pyloriFEMS
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