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Marjo Haanperä,1* Sofia D. Forssten,1 Pentti Huovinen,2 and Jari Jalava1

Laboratory of Human Microbial Ecology1 and Antimicrobial Research Laboratory, Department of Bacterial and
Inflammatory Diseases, National Public Health Institute, Turku, Finland2

Received 27 September 2007/Returned for modification 22 February 2008/Accepted 25 April 2008

In Klebsiella pneumoniae, the cooccurrence of chromosomal and plasmid-mediated beta-lactamases can
hinder their accurate molecular detection. We developed a fast and reliable method that allows the typing of
isolates carrying more than one SHV gene. The method is based on pyrosequencing the DNA sequence
corresponding to amino acid positions 35, 238, and 240.

Bacteria producing extended-spectrum beta-lactamases
(ESBLs) have become a significant clinical problem, and
their detection is problematic (4). Many ESBLs have derived
from different beta-lactamases by amino acid substitutions that
enable the enzymes to hydrolyze various beta-lactam antibiot-
ics. In SHV, the amino acid substitutions leading to an ESBL
phenotype occur at a limited number of positions. Especially,
the amino acid substitutions G238S and E240K, according to
the numbering of Ambler (2), are important for producing the
ESBL phenotype (4, 10).

Klebsiella pneumoniae isolates usually carry a chromosomal
beta-lactamase, most commonly SHV (3, 8), and the plasmid
variants have probably derived from the chromosomal SHV
genes (5, 9). The chromosomal beta-lactamases may interfere
with detection of the ESBL genes usually residing in plasmids;
e.g., the PCR-based methods developed for the detection of
ESBLs also amplify the chromosomal variants and form a
duplex PCR product whose sequence determination by con-
ventional sequencing requires careful analysis (1). The exact
SHV type within an isolate harboring more than one SHV
gene can be defined by cloning and sequencing.

Pyrosequencing is a PCR-based sequencing-by-synthesis
method (18) that is ideal for mutation analysis and the detec-
tion of heterogeneous sequences (6, 7, 12). Pyrosequencing has
been applied to the detection of mutations in 23S rRNA (6, 19)
and to the typing of beta-lactamase genes (13, 14, 16). In the
results of our recent study (15), cyclic sequencing of PCR-
amplified SHV genes did not always reveal an unambiguous
sequence. This could be explained by the presence of more
than one SHV gene in one strain. The present study was
designed to test whether the pyrosequencing technique could

be used to resolve these ambiguous SHV sequences. To detect
the most-common and important sequences found in SHV
ESBLs, the DNA sequences corresponding to the amino acid
positions 35, 238, and 240 were included to the pyrosequencing
assays (10, 17).

We included in this study 40 SHV-positive K. pneumoniae
isolates whose SHV gene sequence could not be confirmed by
cyclic sequencing due to heterogeneous sequences correspond-
ing to the amino acid positions 35, 238, and/or 240 (15). In
addition, 66 K. pneumoniae isolates representing different SHV
variants and 10 SHV-positive Escherichia coli isolates were
included. The primers used for amplification and pyrosequenc-
ing are shown in Table 1. The concentrations of the PCR
reagents and temperature-cycling conditions, except for an-
nealing at 54°C and all PCR steps for 30 s, were as described
earlier (15).

Pyrosequencing was performed by using a PSQ96MA pyro-
sequencing device and Pyro gold SQA reagents (Biotage AB)
according to the manufacturer’s instructions. The design of the
nucleotide dispensation order for the position 35 assay was
TACAGCAGAGTCAGCGAGT and for the assay of posi-
tions 238 and 240 was ACTGCG5(ACGT). By combining the
results from the two assays, the chromosomal SHV-1 or
SHV-11 could be differentiated from plasmid-mediated ESBL
SHV genotypes (Table 2). Pyrograms obtained with isolates
containing sequences belonging to SHV-1, SHV-12, or both
SHV-1 and SHV-12 pyrosequencing groups are presented in
Fig. 1.

In the 10 E. coli control strains, SHV-2, SHV-2A, SHV-5,
SHV-11, and SHV-12 genes were found by cyclic sequencing
(Table 2), and the results were confirmed by pyrosequenc-
ing. All the 40 K. pneumoniae isolates that could not be
typed by cyclic sequencing (Fig. 2) were found by pyrose-
quencing to have divergent sequences at the nucleotides
corresponding to positions 35, 238, and/or 240 (Table 2).
The exact sequence combinations of the isolates containing
two SHV sequences could be resolved by pyrosequencing,
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because the most-probable sequences present at the ana-
lyzed positions are known and because the pyrosequencing
peaks are quantitative (Fig. 1; Table 2). Only 34 of the 66 K.
pneumoniae isolates whose SHV type could be determined
by cyclic sequencing were found by pyrosequencing to contain
only one SHV sequence, SHV-1 (n � 16), SHV-11 (n � 14),
SHV-12 (n � 3), or SHV-2 (n � 1), and these pyrosequencing

results were in agreement with the results of the cyclic se-
quencing. Thus, 32 strains found by pyrosequencing to carry
more than one SHV gene had been erroneously typed by
traditional sequencing to carry one SHV gene (Table 2). Con-
sequently, 72 (67.9%) of the 106 K. pneumoniae isolates were
found by pyrosequencing to contain more than one SHV gene
(Table 2), indicating the presence of both a plasmid-mediated

TABLE 1. Primers used for amplification and pyrosequencing of the SHV beta-lactamase gene

Primer Sequence Positiona Reference

SHV_no_PCR-1b ATGCGTTATATTCGCCTGTG 199–218 20
SHV_pyro_35_Rbio2b,c Bio-CCGCASAGCASRACTTTAc 419–402 This study
SHV_cod238_1d CTGGTTTATCGCCGATAAGA 870–889 This study
SHV_pyro_238_Rbioc,d Bio-TTGCCAGTGCTCGATCAGc 1053–1036 This study
SHV_py35F1mode CGCAGCCGCTTGAGCAAATTA 266–286 This study
SHV_seq_238_240e TATCGCCGATAAGACCGGAG 876–895 This study

a Positions are numbered according to the sequence of NCBI accession number AF124984.
b PCR primer for position 35.
c bio, biotin.
d PCR primer for positions 238 and 240.
e Pyrosequencing primer for positions 35, 238, and 240.

TABLE 2. Detection of the SHV substitutions at Ambler positions 35, 238, and 240 by pyrosequencing

Speciesa No. of strains
with results

SHV gene identified
by cyclic sequencing

SHV gene and no. of variants
identified by pyrosequencingb Nucleotide sequencec of position: Amino acid(s)d of

position:

No. of
variants SHV(A) SHV(B) 35(A) 35(B) 238(A) 238(B) 240(A) 240(B) 35 238 240

K. pneumoniae 14 SHV-1 1 SHV-1 CTA GGC GAA L G E
K. pneumoniae 2 SHV-1 1 SHV-1 CTA GGC GAG L G E
K. pneumoniae 8 SHV-11 1 SHV-11 CAA GGC GAA Q G E
K. pneumoniae 6 SHV-11 1 SHV-11 CAA GGC GAG Q G E
K. pneumoniae 1 SHV-2 1 SHV-2 CTA AGC GAG L S E
K. pneumoniae 3 SHV-12 1 SHV-12 CAA AGC AAG Q S K
K. pneumoniae 3 SHV-1 2 SHV-1 SHV-1 CTA CTA GGC GGC GAG GAA L G E
K. pneumoniae 1 SHV-1 2 SHV-11 SHV-1 CAA CTA GGC GGC GAG GAA L, Q G E
K. pneumoniae 1 SHV-2 2 SHV-2 SHV-1 CTA CTA AGC GGC GAG GAA L G, S E
K. pneumoniae 1 SHV-2 2 SHV-11 SHV-5 CAA CTA GGC AGC GAA AAG L, Q G, S E, K
K. pneumoniae 2 SHV-2A 2 SHV-2A SHV-11 CAA CAA AGC GGC GAG GAA Q G, S E
K. pneumoniae 3 SHV-5 2 SHV-5 SHV-1 CTA CTA AGC GGC AAG GAA L G, S E, K
K. pneumoniae 2 SHV-5 2 SHV-5 SHV-11 CTA CAA AGC GGC AAG GAA L, Q G, S E, K
K. pneumoniae 1 SHV-5 2 SHV-5 SHV-12 CTA CAA AGC AGC AAG AAG L, Q S K
K. pneumoniae 2 SHV-5 2 SHV-12 SHV-1 CAA CTA AGC GGC AAG GAA L, Q G, S E, K
K. pneumoniae 1 SHV-5 2 SHV-12 SHV-11 CAA CAA AGC GGC AAG GAA Q G, S E, K
K. pneumoniae 1 SHV-12/SHV-1 2 SHV-11 SHV-12 CAA CAA GGC AGC GAA AAG Q G, S E, K
K. pneumoniae 1 SHV-12 2 SHV-12 SHV-1 CAA CTA AGC GGC AAG GAA L, Q G, S E, K
K. pneumoniae 12 SHV-12 2 SHV-12 SHV-11 CAA CAA AGC GGC AAG GAA Q G, S E, K
K. pneumoniae 1 SHV-X 2 SHV-1 SHV-11 CTA CAA GGC GGC GAG GAG L, Q G E
K. pneumoniae 1 SHV-X 2 SHV-2 SHV-1 CTA CTA AGC GGC GAG GAG L G, S E
K. pneumoniae 2 SHV-X 2 SHV-2 SHV-1 CTA CTA AGC GGC GAG GAA L G, S E
K. pneumoniae 1 SHV-X 2 SHV-2A SHV-1 CAA CTA AGC GGC GAG GAA L, Q G, S E
K. pneumoniae 4 SHV-X 2 SHV-5 SHV-1 CTA CTA AGC GGC AAG GAA L G, S E, K
K. pneumoniae 1 SHV-X 2 SHV-11 SHV-1 CAA CTA GGC GGC GAG GAA L, Q G E
K. pneumoniae 3 SHV-X 2 SHV-11 SHV-12 CAA CAA GGC AGC GAA AAG Q G, S E, K
K. pneumoniae 9 SHV-X 2 SHV-12 SHV-1 CAA CTA AGC GGC AAG GAA L, Q G, S E, K
K. pneumoniae 18 SHV-X 2 SHV-12 SHV-11 CAA CAA AGC GGC AAG GAA Q G, S E, K
E. coli 1 SHV-11 1 SHV-11 CAA GGC GAG Q G E
E. coli 2 SHV-2 1 SHV-2 CTA AGC GAG L S E
E. coli 1 SHV-2A 1 SHV-2A CAA AGC GAG Q S E
E. coli 2 SHV-5 1 SHV-5 CTA AGC AAG L S K
E. coli 4 SHV-12 1 SHV-12 CAA AGC AAG Q S K

a E. coli strains were used as controls.
b “A” sequences are the more-prevalent SHV type determined from the pyrosequencing results for positions 35, 238, and 240. As not all positions are determined,

the result is to be considered as a sequence group. “B” sequences are another SHV type detected by pyrosequencing.
c Nucleotide sequences determined by pyrosequencing. “A” sequences are from the more-prevalent gene copy. Bold letters indicate nucleotides that differ from SHV-1.
d Amino acids were translated from the pyrosequencing results.
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and a chromosomal copy. The most-common SHV combina-
tions in our material were the SHV-12 pyrosequencing type
with the SHV-11 (n � 35) or SHV-1 (n � 12) pyrosequencing
type. Contrary to the results of the study of Lee et al. (11), no

great difference in the carriage of ESBL genes by K. pneu-
moniae isolates with SHV-1 or SHV-11 was detected. How-
ever, similar to the results of the Korean study, the cocarriage
of SHV-12 and SHV-11 was more common than cocarriage of
SHV-12 and SHV-1 (11). In addition to the isolates listed in
Table 2, one K. pneumoniae isolate was found to apparently
carry three SHV genes: two different SHV-1 copies and one
SHV-2 copy. The SHV type of this isolate was determined
as SHV-2 by cyclic sequencing.

The 30 K. pneumoniae isolates carrying only an SHV-1 or
SHV-11 copy were considered to contain only a chromosomal
SHV copy. In addition, 71 of the 72 isolates carrying more than
one SHV copy contained either SHV-1 or SHV-11. Conse-
quently, 101 (95.3%) of the K. pneumoniae strains studied were
probable chromosomal SHV carriers.

The quantitative pyrosequencing peaks have been shown to
indicate the proportion of mutant copies in 23S rRNA (6, 19).
In this study, the most-prevalent SHV copy in the PCR product
may be determined by comparing the peak heights deriving
from the same, invariable nucleotide positions of different
SHV variants. For example, the peak heights in pyrograms C1
and C2 of Fig. 1 indicate that the isolate contains SHV-12 and
SHV-1 gene copies, of which SHV-12 is prevalent. In this
study, however, the prevalence in the PCR product is not
necessarily the same as the prevalence in the organism, as the

FIG. 1. Sample pyrograms of the SHV 35 (A1, B1, and C1) and 238 and 240 (A2, B2, and C2) assays. The sequences obtained from the traces are
indicated above the pyrograms. Pyrograms A1 and A2 are from an isolate harboring only an SHV-1 gene, B1 and B2 are from an isolate with an SHV-12
gene, and C1 and C2 are from an isolate containing sequences belonging to both SHV-1 and SHV-12 pyrosequencing groups. In pyrogram A1, the
sequence of position 35 is CTA (Leu), and the sequence of positions 238 and 240 from A2 is GGC GAA, the codons for gly and glu. In pyrogram B1,
the mutant codon CAA (gly) is detected, and in B2, codons 238 and 240 are mutated; the sequence is AGC AAG (gly3 ser and glu3 lys). In pyrogram
C1, the proportion of the wild type is lower than that of the mutant since, for example, the highlighted A peak at dispensation 10 deriving from SHV-12
is higher than the peak of dispensation 19 from the SHV-1 copy. Similarly, in pyrogram C2, the proportion of the wild type is lower than that of the mutant
since the highlighted peak deriving from SHV-1 is lower than the peak deriving from the mutated copy.

FIG. 2. Electropherograms of the DNA sequence demonstrating
the ambiguous sequences at the positions corresponding to amino acid
positions 238 and 240 obtained with three different sequencing prim-
ers. The first position of codon 238 and the first and third positions of
codon 240 are R, and the exact sequence combinations of the codons
cannot be determined from these electropherograms.
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plasmid and chromosomal copies may be amplified with dif-
ferent efficiencies. Nevertheless, the results of this study agree
with the hypothesis that most ESBL-type SHVs are plasmid
mediated and are present in higher numbers in bacteria,
whereas SHV-1 and SHV-11 are usually chromosomally en-
coded and present only in low copy numbers (5, 11).

In this study, a pyrosequencing method for the identification
of SHV ESBL genes in the presence of a chromosomal beta-
lactamase is described. The method is also useful in epidemi-
ological studies where the exact identification of SHV type is a
prerequisite for analyzing the spread of certain SHV types.
However, the exact SHV type has to be determined by using a
method that also covers other amino acid positions.
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