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SUMMARY

New Delhi metallo-B-lactamase (NDM-1]),
as a broad-spectrum B-lactamase, is able
to inactivate almost all B-lactams. NDM-
producers have been detected in extensively
pathogen worldwide. The objective of this
study was to analyze the homology of NDM-

1. INTRODUCTION

Carbapenem-hydrolysing
B-lactamases such as carbapenemas-
es in bacterial clinical isolates are of
increasing concern, that’s because
they often also confer resistance to
most other B-lactam antimicrobi-
al agents (1). Metallo-B-lactamases
(MBLs), as one class of carbapen-
emases, which belongs to ambler
class B metallo-enzyme groups,
plays an important role in the mul-
tidrug resistance of Enterobacteria-
ceae. In the past, the prevalence of
MBLs producing clinical isolat (s
was increasing worldwide, and most
of the MBL-encoding genes such as
blayp and blay,y, etc. reside on class
1integrons and plasmids that usual-
ly confer high mobility to these ge-
netic elements (2, 3, 4, 5). Therefore,
early detection of MBL-producing
organisms is of crucial importance
for prevention of their inter- and in-
trahospital dissemination, not only
in institutions with high prevalenc-
es of such isolates but also in those
in which phenotypes of resistance
have never been detected (6).

l-encoding genes based on the blaNDM-1
gene sequences downloaded from GenBank.
The phylogenetic tree analysis showed that
the blaNDM-1 gene sequences divided into
two different branches with similarity score
only 54. A common sequence of 242bps at
length was extracted from branch-1, and
468bps common sequence was extracted

Recently, a new class B enzyme,
New Delhi metallo-p-lactamase
(NDM-1), as a broad-spectrum
B-lactamase, which is able to inac-
tivate all B-lactams except aztreo-
nam (7). Since the first report of
NDM-producing Klebsiella  pneu-
moniae from Sweden in December
2009 (7), NDM-producers have been
detected in extensive pathogen all
over the world (8, 9, 10, 11). Especial-
ly, the NDM-1 not only harbored in
Enterobacteriaceae isolates, but also
have been detected in Enterococcus
(12). NDM-1 producers bring sever-
al additional factors such as high
mobility, spreading producers, and
the host-pathogen pathogenicity,
which are deeply disconcerting for
public health worldwide (13). There-
fore, there is an urgent international
need to rapid detect NDM-1 produc-
ers in any health care facility to pre-
vent their futher spread.

Various criteria for screening
MBL-producers have been suggest
ed (6, 14), such as Etest MBL strip
(15), double-disk synergy test (DDST)
and combined disk (CD) assay (6), of
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from branch-2, respectively. The subse-
quent detection of NDM-1 harboring clinical
isolates with PCR and real-time PCR molecular
techniques should based on the two common
sequences of branch-1 and branch-2.

Key words: New Delhi metallo-B-lactamase
(NDM-1], Emerging pathogen, Resistance,
Homology analysis, sequences contrasting

which the susceptibility testing re-
sults were recorded according to the
Clinical and Laboratory Standards
Institute (CLSI) guidelines as modi-
fied in June 2010 (16). However, such
methods are time-consuming and
don’t discriminate between NDM-1
and other MBLs. So the detection of
the blaypy, gene based on PCR and
real-time PCR molecular techniques
are rapid methods to screening and
identifying the carriers of NDM-
1 producers (13, 17). At present, the
PCR and real-time PCR techniques
are always established based on a cer-
tain sequence from a certain bacteria
strain, some other strains may be es-
caped from the screening and detect-
ing of NDM-1 producers.

The aim of this study was to eval-
uate the homology of blaypy, gene
from Enterobacteriaceae and Entero-
coccus, and find out the common se-
quence of blaypy, gene from differ-
ent host-pathogen for the subsequent
PCR and real-time PCR detection.

2. MATERIALS AND METHODS
The source of NDM-1 gene se-
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GenBank No  Source Lenth (bp) Country Reference® sequences showed that there have
HOBO5724  Acinetobacter baumannii strain 10051750 417 China up sourced from two different branch-
HO256747  Enterococcus faecium strain ZW031-2 813 China uP es respectively (Figure 1a), we called
H0917683 Escherichia coli strain MHO1 710 Canada [37] branch—l and branch—Z. Branch-l in-
H0451074 Escherichia coli strain HK-01 plasmid pNDM-HK 813 HK China  [38] cluding 18 sequences with the ac-
AB571289 Escherichia coli megaplasmid 475 India [’OD] cession number of HQ328085,
HO162469  Escherichia coli strain 271 insertion sequence ISSen4 813 Australia 11

HQ284043  Klebsiella pneumoniae strain DU1301/10 736 Singapore  [39] AB604953’ AB604954’ HQ284042’

JF838352, HQ284043, HQG05724,

H0284042  Klebsiella pneumoniae strain DU?7433/10 7’52 Singapore  [39]

FN396876  Klebsiella Eneumoniae plasmid pKpANDM-1 813 Indiga i 7] JN157767,  FR820590,  FR820591,
HQ?38352  Klebsiella pneumoniae strain VF408/10 813 Malaysia ~ UP JF922606’ HQ451074’ HQ917683’
HO 171206 Klebsiella pneumoniae strain CMC Micro VB1 469 India DS HQ—652608’ JF836807’ AB614355’
ABG614355 Stenotrophomonas maltophilia megaplasmid 813 India up HQ256747 and AB571289. While
FR820501  Pseudomonas aeruginosa strain MMAS33 1059 Serbia [28] branch2 including 5 sequences:
FR820500  Pseudomonas aeruginosa strain MMAS3 1059 Serbia [28] HQ171206, HQ652609, HQ738352,
IN157767  Klebsiella pneumoniae strain MSNDM116 719 India up HQ162469 and FN396876. The sim-
JF838352  Acinetobacter baumannii strain D442 813 China DS ilarity scores in branch-1 were from
HOB52609  Acinetobacter baumannii strain AB5 536 China uP 60 to 100, most of which were 99
HB52608  Klebsiella pneumoniae subsp. ozaenae strain K16 528 China uP and 100, while in branch-2, all the
AB604954  Klebsiella pneumoniae strain 419 915 Japan upP similar scores were 100. Howev-
AB604953  Escherichia coli strain NDM-1 Dok01 920 Japan up er, the similarity scores between
JF922606 Escherichia coli strain DVR22 insertion sequence ISAba125 813 Spain [29] branch-1 and branch-2 jUSt from 43
JF836807 Acinetobacter baumannii 403 India up to 54 (Figure 1b)

HO328085  Klebsiella pneumoniae clone KPM nasey 813 France [31]

The sequences characteristics of
Table 1 Characteristics of 23 blaNDM-1 gene sequences obtained from GenBank database in NCBI. * DS: branch-1 and branch-2

Direct Submission; UP: Unpublished; POD: Published Only in Database The sequences Contrasting anal

ysis of branch-1 and branch-2 have

quences. We searched the GenBank - -
database in National Center of Bio- Kilebsiella pneurmoniac [HA328085]
’ Escherichia coli [AB604953]

technology Information (NCBI) Klebsiella pneumoniae [AB604954] a
website  (http:/www.ncbi.nlm.niv. Klebsiella pneumoniae [HQ284042]

. . . . V. Acinetobacter baumannii [JF838352]
gov) with search term of “NDM-1”, Klebsiella pneumoniae [HQ284043]
and got the NDM-1 sequences from Acinetobacter baumannii [HQ605724]
variety of Enterobacteriaceae and En- Klebsiella pneumoniac [IN157767]
terococcus submitted before August

Pseudomonas aeruginosa [FR820590]
Pseudomonas aeruginosa [FR820591]

Klebsiella pneumoniae [HQ171206]
1, 201, , o 0.4 £ | "\ Acinetobacter baumannii [HQ852609)
Sequences analysis. The NDM-1 Klebsiella pneumoniae [HQ738352]
sequences were contrasted with bio- Escherichia coli [HQ162469]
: Klebsiella pneumoniae [FN396876]
software Clustal W2 Prov1ded by Escherichia coli [JF922606]
European Molecular Biology Labo- Escherichia coli [HQ451074]
ratory (http:/www.ebi.ac.uk/Tools/ Escherichia coli [HQ917683]
] lw2/index.html?). Th hvl Klebsiella pneumoniae [HQ652608]
clustalw2/index.html?). The phylo- Acinetobacter baumannii [JF836807]
genetic tree was established to study Stenotrophomonas maltophilia [AB614355]
) _ Enterococcus faecium [HQ256747]
the characteristics .of. the NDM iseharaiiaich [AB571289]
1 sequences. The similarity scores 01
were analyzed and the common se-
quence was also extracted. T
o mmmra
3. RESULTS T o b
o3| 100 | 100 [ 0 | 100 4
Total homology analysis of N A AR AN EE R
blaypy., genes I R R B B - - T
O [esss| o [ [ w0 [ w0 [ w0 3 L Y 3 B
We have extracted 23 blaNDM-l 8_ w0 [ [ [ o [ 1w 9 | o | wo | 4 B | B [ 0
® FR820590 [ 100 100 100 100 100 9 10 100 9 b4 100 100
gene sequences from NDM-l-har- T T T 0 T
boring clinical isolates, of which B T T T B B B B
. . BS54 1 52 0 L 9
9 for Klebsiella pnewmoniae, 6 for T T TN T T 38 T T S W TwTw T el wTaTwTw
. . . . JF9606 [ 100 100 100 100 100 3 10 100 8 3 5l 100 100 100 100 % 50 % 100 100
ESC}JEVZC/?Z&Z COll, 4 fOI' A[lnetoba[ter arser| 60 | w0 | w0 | o0 | o | & | e [ o | & | s | 4 [ w | o | w0 [ o [ w | % [ we [ w [ w | w ]
.. HQ328085) 100 100 100 100 100 4 10 100 8 4 [l 100 100 100 100 % 50 i) 100 100 100 [ 1
baumﬂnnzl’ 2 for Pseudomonas ae- HQ605T24 | HQ2S6747 | HQIIT6S3 | HQ4S1074 | ABSTI289 | HQI162469 | HQI$4043 | HQ284042 | FN396876 | HQT38352 | HQITI206 | AB6143SS | FR82091 | FR820590 | INISTT6T | JF8383s2 | HQBS2609 | HQ6S2608 | AB6M9SH | ABGISI JWZZWE‘J
ruginosa, one for Stenotrophomon- Sequence B

as maltophilia and Enterococcus fae-

cium (ShOWCd in Table 1. The totle Figure 1 Results of homology a.na.lgshls of blaNDM-1 gene sequences. a. Phylogenetic tree obtained for 23
blaNDM-1 gene sequences. b. Similarity scores contrasted with 23 blaNDM-1 gene sequences. The scores

hOanlOgY of these 23 blaNDM-l gene contrasted between branch-1 and branch-2 are showed in bold.
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GenBank No Positions™
AB571289 57-298 bp
AB614355 248-489 bp
AB604954 293-534 bp
H0328085 248-489 bp
H0652608 19-260 bp
JF836807 1-242 bp
H0917683 156-397 bp
HQ256747 248-489 bp
FR820591 350-591 bp
AB604953 297-538 bp
JF922606 248-489 bp
FR820590 350-591 bp
HQ451074 248-489 bp
HQ284042 210-451 bp
JF838352 248-489 bp
H0284043 204-445 bp
JIN157767 204-445 bp
HOB605724 176-417 bp

Table. 2. The positions of common sequence

in 18 blaNDM-1 gene sequences including in
branch-1.* Position numbers correspond to the
nucleotides o( the coding sequences.

been processed respectively, and
the results of contrasting analysis
showed in Supplementary Figure
S1 and Figure S2. We have extract-
ed a common sequence at length of
242bp from branch-1 (Figure 2), and
the common sequence positions
showed in Table 2. A 469bp com-
mon sequence has been extracted
from branch-2 (Figure 3), the posi-
tions of common sequence showed
in Table 3. The similarity between
the common sequences of branch-1
and branch-2 have also contrasted,
and the score only 54 (showed in
Supplementary Figure S3).

4. DISCUSSION
Carbapenemase-expressing  En-
terobacteriaceae and Enterococcus are
of great threat to the global health
system, that’s because this class of
antibiotics is of major importance
as a lastline therapy of nosocomi-
al infections (17). The emergence of
the novel carbapenemase, NDM-1,
was widely noticed and even report-
ed by popular media, and the prev-
alence of NDM-1 producing strains
have made the medical staff feeling
worrisome. To present, the blaypy.
rharboring strains have been detect-
ed in multiple areas: India (18, 19),
China (20), United States (21), Japan
(22, 23), Singapore (24), Canada (25,
26), Australia (27), United Kingdom
(8, 9), Serbia (28), Spain (29), France

(30, 31), and other European
countries (32) etc. and in multi-
ple clinical isolates: Acinetobacter
baumannii (33), Acinetobacter lwof-
it (34), Klebsiella pneumoniae (35),

001-GCGGCCGCGTGCTGGTGGTCGATACCGCCTGGACCGATGA-040
041-CCAGACCGCCCAGATCCTCAACTGGATCAAGCAGGAGATC-080
081-AACCTGCCGGTCGCGCTGGCGGTGGTGACTCACGCGCATC-120
121-AGGACAAGATGGGCGGTATGGACGCGCTGCATGCGGCGGG—160
161-GATTGCGACTTATGCCAATGCGTTGTCGAACCAGCTTGCC-200
201-CCGCAAGAGGGGATGGTTGCGGCGCAACACAGCCTGACTT-240
241-TC -242

Escherichia coli (29, 36), Pseudomo-
nas aeruginosa (28), Stenotroph-
omonas maltophilia and Enterococ-
cus faecium etc. (show in Table 1).
So it is need to analyse the homol-
ogy for the epidemiological study.
Our study showed that there are
two branches of blaypy,, encoding
gene in NDM-1 producing patho-
gen. In some countries with great
population such as India and Chi-
na, both branches were detected,
while in the country of small pop-
ulations such as Japan, Singapore

GenBank No Positions™
H0 162469 134-602 bp
FN396876 134-602 bp
HQ 738352 134-602 bp
H0652609 34-502 bp

H0Q 171206 1-469 bp

Table 3. The positions of common sequence in 5
blaNDM-1 gene sequences including in branch-2. *
Position numbers correspond to the nucleotides of
the coding sequences.

and Serbia, just one branch was de-
tected. In addition, in some other
countries such as France, Malaysia,
Australia, Spain, and Canada, just
one clinical isolate reported at pres-
ent.
PCR and realtime PCR tech-
niques are regarded as rapid meth-
ods in molecular diagnostics, and
the real-time PCR may represent
the current gold standard. The use
of synthetic gene as positive control
reaction demonstrates that the PCR
assay works are functional, howev-
er, there might still have a false-neg-
ative result because the PCR and
real-time PCR techniques are pro-
cessed based on a certain sequence
from a certain strain. That made
some other strains which only sin-
gle or several bases different from
the certain sequence escaped from
screening and detecting. The results
of this study demonstrated that
there are two branches with low
similarity in blaypy,, that’s to say we
should establish the PCR and real-
time PCR techniques based on these
two common sequences of branch-1
and branch-2 to increase the detect-
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Figure 2 The common sequence of branch-1.

001-TCAGTGTCGGCATCACCGAGATTGCCGAGCGACTTGGCCT-040
041-TGCTGTCCTTGATCAGGCAGCCACCAAAAGCGATGTCGGT-080
081-GCCGTCGATCCCAACGGTGATATTGTCACTGGTGTGGCCG-120
121-GGGCCGGGGTAAAATACCTTGAGCGGGCCAAAGTTGGGCG—160
161-CGGTTGCTGGTTCGACCCAGCCATTGGCGGCGAAAGTCAG-200
201-GCTGTGTTGCGCCGCAACCATCCCCTCTTGCGGGGCAAGC-240
241-TGGTTCGACAACGCATTGGCATAAGTCGCAATCCCCGCCG—280
281-CATGCAGCGCGTCCATACCGCCCATCTTGTCCTGATGCGC-320
321-GTGAGTCACCACCGCCAGCGCGACCGGCAGGTTGATCTCC-360
361-TGCTTGATCCAGTTGAGGATCTGGGCGGTCTGGTCATCGG—-400
401-TCCAGGCGGTATCGACCACCAGCACGCGGCCGCCATCCCT-440
441-GACGATCAAACCGTTGGAAGCGACTGCCC -469

Figure 3. The common sequence of branch-2.

ing ratio of true-positive in blaypy,
harboring clinical isolates.
Although the present study an-
alyzed all blaypy, gene sequences
have been submitted to the Gen-
Bank to date, there still have some
other blaypy, gene sequences have
not yet submitted to the GenBank,
or some other NDM-l-encoding
genes have not detected at present.
We can use the PCR and real-time
PCR protocols based on the two

Sequence number  Accession number in
used in this study  GenBank

sequencel HQ605724
sequence? HQ256747
sequence3 HQ917683
sequence4 HQ451074
sequence5 AB571289
sequenceb H0 162469
sequence? HQ284043
sequence8 HQ284042
sequence9 FN396876
sequence10 HQ738352
sequencell HQ 171206
sequence12 AB614355
sequence13 FR820591
sequence14 FR820590
sequence15 JIN157767
sequence 16 JF838352
sequence1? H0652609
sequence18 H0652608
sequence19 AB604954
sequence20 AB604953
sequence?l JF922606
sequence2?2 JF836807
sequence23 H0Q328085
Common sequence of
sequence24 branch-l g
sequence25 ES::ho_; sequence of

Table S1. Sequence accession numbers usedin
this study
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Homology Analysis of New Delhi metallo-B-lactamase (NDM-1) Gene Seq from Enter:

CLUSTAL 2.1 multiple sequence alignment

sequenceb TCAGCGCAGCTTGTCGGCCATGCGGGCCGTATGAGTGATTGCGGCGCGGCTATCGGGGGC 60
sequence9 TCAGCGCAGCTTGTCGGCCATGCGGGCCGTATGAGTGATTGCGGCGCGGCTATCGGGGGC 60
sequencel0 TCAGCGCAGCTTGTCGGCCATGCGGGCCGTATGAGTGATTGCGGCGCGGCTATCGGGGGC 60
sequencel7

sequencell

sequenceb GGAATGGCTCATCACGATCATGCTGGCCTTGGGGAACGCCGCACCAAACGCGCGCGCTGA 120
sequence9 GGAATGGCTCATCACGATCATGCTGGCCTTGGGGAACGCCGCACCAAACGCGCGCGCTGA 120
sequencel0 GGAATGGCTCATCACGATCATGCTGGCCTTGGGGAACGCCGCACCAAACGCGCGCGCTGA 120
sequencel? GCACCAAACGCGCGCGCTGA 20
sequencell

sequenceb CGCGGCGTAGTGCTCAGTGTCGGCATCACCGAGATTGCCGAGCGACTTGGCCTTGCTGTC 180
sequence9 CGCGGCGTAGTGCTCAGTGTCGGCATCACCGAGATTGCCGAGCGACTTGGCCTTGCTGTC 180
sequencel0 CGCGGCGTAGTGCTCAGTGTCGGCATCACCGAGATTGCCGAGCGACTTGGCCTTGCTGTC 180
sequencel? CGCGGCGTAGTGCTCAGTGTCGGCATCACCGAGATTGCCGAGCGACTTGGCCTTGCTGTC 80
sequencell ~  ———————————~ TCAGTGTCGGCATCACCGAGATTGCCGAGCGACTTGGCCTTGCTGTC 47
sequenceb CTTGATCAGGCAGCCACCAAAAGCGATGTCGGTGCCGTCGATCCCAACGGTGATATTGTC 240
sequence9 CTTGATCAGGCAGCCACCAAAAGCGATGTCGGTGCCGTCGATCCCAACGGTGATATTGTC 240
sequencel0 CTTGATCAGGCAGCCACCAAAAGCGATGTCGGTGCCGTCGATCCCAACGGTGATATTGTC 240
sequencel? CTTGATCAGGCAGCCACCAAAAGCGATGTCGGTGCCGTCGATCCCAACGGTGATATTGTC 140
sequencell CTTGATCAGGCAGCCACCAAAAGCGATGTCGGTGCCGTCGATCCCAACGGTGATATTGTC 107
sequenceb ACTGGTGTGGCCGGGGCCGGGGTAAAATACCTTGAGCGGGCCAAAGTTGGGCGCGGTTGC 300
sequence9 ACTGGTGTGGCCGGGGCCGGGGTAAAATACCTTGAGCGGGCCAAAGTTGGGCGCGGTTGC 300
sequencel0 ACTGGTGTGGCCGGGGCCGGGGTAAAATACCTTGAGCGGGCCAAAGTTGGGCGCGGTTGC 300
sequencel? ACTGGTGTGGCCGGGGCCGGGGTAAAATACCTTGAGCGGGCCAAAGTTGGGCGCGGTTGC 200
sequencell ACTGGTGTGGCCGGGGCCGGGGTAAAATACCTTGAGCGGGCCAAAGTTGGGCGCGGTTGC 167
sequenceb TGGTTCGACCCAGCCATTGGCGGCGAAAGTCAGGCTGTGTTGCGCCGCAACCATCCCCTC 360
sequence9 TGGTTCGACCCAGCCATTGGCGGCGAAAGTCAGGCTGTGTTGCGCCGCAACCATCCCCTC 360
sequencel0 TGGTTCGACCCAGCCATTGGCGGCGAAAGTCAGGCTGTGTTGCGCCGCAACCATCCCCTC 360
sequencel? TGGTTCGACCCAGCCATTGGCGGCGAAAGTCAGGCTGTGTTGCGCCGCAACCATCCCCTC 260
sequencell TGGTTCGACCCAGCCATTGGCGGCGAAAGTCAGGCTGTGTTGCGCCGCAACCATCCCCTC 227

Figure S2 Result of sequence contrasting of 5 blaxpm.1 gene sequences including in branch-2.
The common sequence is emphasized with “*”.

sequenceb GATTTCACCGGGCATGCACCCGCTCAGCATCAATGCAGCGGCTAATGCGGTGCTCAGCTT 780
sequence9 GATTTCACCGGGCATGCACCCGCTCAGCATCAATGCAGCGGCTAATGCGGTGCTCAGCTT 780
sequencel0 GATTTCACCGGGCATGCACCCGCTCAGCATCAATGCAGCGGCTAATGCGGTGCTCAGCTT 780
sequencel?

sequencell

sequenceb CGCGACCGGGTGCATAATATTGGGCAATTCCAT 813

sequence9 CGCGACCGGGTGCATAATATTGGGCAATTCCAT 813

sequencel0 CGCGACCGGGTGCATAATATTGGGCAATTCCAT 813

sequencel7

sequencell
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common sequences of this study as
a rapid detection and identification
methods to control the hospital in-
fection and the spreading of these
resistant determinants. After the
rapid detection, the DDST, CD as-
say and Etest MBL strip can be used
for the identification of MBLs with
negative isolates screened by PCR
and real-time PCR to identify the
false-negative blaypy, harboring iso-
lates.
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