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Background & objectives: Polymerase chain reaction (PCR) has wide acceptance for rapid identification 
of pathogens and also for diagnosis of infectious conditions. However, because of economic and expertise 
constraints, a majority of small or peripheral laboratories do not use PCR. The objective of the present 
study was to develop a dry-reagent PCR assay as an alternative to conventional PCR to assess its 
applicability in routine laboratory practice using malB gene for identification of Escherichia coli as a 
model.
Methods: A total of 184 isolates were selected for the study comprising clinical isolates of E. coli and 
non-E. coli including Shigella sp. and a few other control strains. The DNA was isolated from all the 
isolates. The isolated DNA as well as the overnight grown bacterial cultures were subjected to both 
conventional wet PCR and dry-reagent PCR. 
Results: The genomic DNA isolated from E. coli showed amplification of malB gene in both conventional 
wet and dry-reagent PCR and the band was observed at 491 bp. In dry-reagent PCR, the overnight grown 
E. coli cells also showed positive result. The non-E. coli strains other than Shigella sp. showed negative in 
both conventional wet and dry-reagent PCR. Shigella sp. showed positive in both conventional wet and 
dry-reagent PCR. 
Interpretation & conclusions: Considering the elimination of genomic DNA isolation step, and similar 
results with the conventional wet PCR, dry-reagent PCR may be a good alternative for the conventional 
wet PCR.
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Quick Response Code:

Escherichia coli a commensal Gram-negative 
bacillus, has various pathotypes causing gastrointestinal 
and most other pyogenic infections such as wound 
infections, septicaemia and meningitis. E. coli is the 
most common cause of urinary tract infections and now 

is placed in the list of important hospital pathogens1. 
It is routinely identified by standard biochemical and 
physiological tests. PCR assays though are available 
for molecular identification of E. coli2-5, these are not 
commonly used by the small laboratories because of 
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high cost of testing and lack of expertise. Therefore, 
an effort was made to develop a dry-reagent mix for 
PCR targeting malB gene commonly used to identify 
E. coli4,5. The use of dry-reagent mix with an enzyme 
resistant to PCR inhibitors has helped us to eliminate 
the step of DNA extraction from bacterial isolates. 
This feature enabled the use of this assay directly on 
bacterial suspensions as well as on isolated DNA for the 
identification of E. coli. The specificity of this test was 
assessed using a number of bacterial isolates other than 
E. coli (non-E. coli). Here, we report the development 
of optimized ‘ready-to-use’ dry-reagent mix dispensed 
in individual PCR tubes. 

Material & Methods

The study was conducted at Bhat Biotech India Pvt. 
Ltd., Bengaluru, and department of Microbiology, SDM  
College of Medical Sciences and Hospital, Dharwad, 
India, from June 2015 to June 2017. All clinical isolates 
were identified to species level by commonly used 
conventional methods6. A total of 184 isolates were 
used in this study of which 104 were phenotypically 
confirmed Escherichia coli, 73 phenotypically 
confirmed non-E. coli and seven control strains 
including two E. coli and five non-E. coli (Table).

Bacterial genomic DNA isolation: A well-isolated 
single colony of the isolate from brain-heart infusion 
agar plates was inoculated into 1 ml of sterile 
Luria-Bertani (LB) broth (HiMedia, Mumbai) and 
incubated overnight at 37°C. The genomic DNA from 
all the isolates was extracted using standard protocol7. 
The eluted DNA was used for both conventional and 
dry-reagent PCR assays.

Primer selection and PCR conditions: Primers 
designed for this study were selected from E. coli 
(accession number LT615379) targeting 491 bp 
amplicon of malB, sugar ABC transporter and maltose/
maltodextrin import ATP-binding protein malK 
genes. The sequences and location of forward and 
reverse primers in E. coli chosen were as follows, 
forward primer 5’-GATGCGTGCACCTGTTTTTA-3’ 
(4242866 - 4242885 bp) and reverse primer 
5’-ACACCACGAATTCACCTTCA-3’ (4243337 - 
4243356 bp) (Sigma-Aldrich, USA).

Conventional PCR: The DNA isolated from all 184 
bacterial isolates was tested with conventional wet-
reagent mix in PCR8. PCR reaction mix was prepared 
to a final volume of 50 µl containing 32 µl of nuclease-
free water, 10 µl of 5X PCR reaction buffer, 2 µl each 

of 1 µM forward and reverse primer, 1 µl of 10 mM 
deoxyribonucleotide triphosphates (dNTPs), 1 µl 
of Taq DNA polymerase (2.5 units/µl) (Fermentas, 
Vilnius, Lithuania) and 2 µl of isolated DNA as 

Table. A list of non-Escherichia coli isolates and control 
strains used in the present study
Name of the organism Number of 

isolates tested
Gram-negative
Acinetobacter sp. 3
A. baumannii 3
Citrobacter diversus 1
C. freundii 3
Enterobacter sp. 1
E. cloacae 1
Klebsiella pneumoniae 4
Proteus mirabilis 4
P. vulgaris 3
Pseudomonas sp. 1
P. aeruginosa 4
Salmonella sp. 1
S. Typhi  7
Shigella boydii 2
S. dysenteriae 2
S. flexneri 5
S. sonnei 4
Vibrio cholerae 2
Staphylococcus aureus 3
Gram-negative
Coagulase-negative Staphylococci 4
Methicillin-resistant Staphylococci 4
Streptococcus sp. 3
Enterococcus sp. 4
E. faecalis 4
Gram-negative
ATCC Escherichia coli 25923 1
E. coli DH5α 1
K. pneumoniae 600703 1
ATCC P. aeruginosa 27853 1
Gram-positive
ATCC Enterococcus faecalis 29212 1
ATCC S. aureus 25922 1
Acid fast
Mycobacterium tuberculosis H37Rv 1
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template. PCR reaction mix was short spun and mixed 
well. The PCR amplification was performed in DNAmp 
thermocycler (Bhat Biotech India Pvt. Ltd., Bengaluru)  
and QB-96 (Quanta Biotech, UK) thermocycler. The 
thermocycling programme was initiated at 97°C for 
three minutes, followed by 35 cycles comprising 
denaturation at 94°C for 45 sec, annealing at 57°C for 
45 sec, extension at 72°C for 45 sec and final extension 
at 72°C for 10 min. The PCR products and 1 kb DNA 
reference ladder (Fermentas,Vilnius, Lithuania) were 
resolved in 1.5 per cent agarose gel and viewed under 
ultraviolet (UV) transilluminator (Zenith Engineers, 
Agra) and photographed.

Dry-reagent mix PCR: The dry-reagent mix PCR was 
tested with the DNA isolated from all the 184 isolates 
and also directly with bacterial isolates including test 
and control. The DNA extracted from the bacterial 
isolates was used as template, and the test was 
performed as per the protocol suggested. To the dry 
PCR tube, 2 µl of template DNA and 48 µl of PCR grade 
water were added and spun down. The amplification 
was performed in a QB-96 thermocycler. The PCR 
conditions were same as that of conventional PCR. 
The amplified PCR products were analyzed by agarose 
gel electrophoresis and the DNA was visualized in UV 
transilluminator and photographed.

All the procedures for dry PCR were the same as 
above except for the template. Here, 5 µl of bacterial 
culture in LB broth was added to the dry-reagent 
PCR tube which served as template followed by 

45 µl of PCR grade water and was short spun. The 
advantage being elimination of DNA extraction step 
from bacterial culture and the bacterial suspension 
was directly added to the dry-reagent PCR tube. The 
designed primers were verified with NCBI BLAST  
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) and the 
multiple sequence alignment was performed with 
Multalin version 5.4.19 to confirm the homology 
between E. coli (accession no. LT615379) and Shigella 
sp. (accession no. CP014768).

Results

The study group included 177 isolates from clinical 
samples and seven control strains belonging to different 
species. Of these isolates, 106 (104 clinical isolates 
and 2 control strains) were phenotypically confirmed 
as E. coli and 78 (73 clinical isolates and 5 control 
strains) were non-E. coli bacterial isolates (Table). 
The genomic DNA isolated from these 184 isolates 
was used as template for conventional wet PCR. The 
conventional PCR was considered as the gold standard 
for determining sensitivity and specificity of our 
primer and dry-reagent master mix. All the 104 E. coli 
isolates and two control strains amplified the target 
by both conventional wet PCR and dry-reagent PCR 
(Fig. 1A & B), while 60 non-E. coli clinical isolates 
and five controls did not show amplification. All the 
13 different species of Shigella showed the presence 
of the target DNA sequence of 491 bp in both 
conventional wet-reagent and dry PCR (Fig. 2A & B). 
It was found that malE gene, ABC transporter and 
maltose/maltodextrin transporter ATP-binding gene of 

Fig. 1. (A) Conventional wet mix PCR with malB primers. Lane 1: ladder; lanes 2 and 3: Escherichia coli DH5α DNA; lanes 4 and 5: 
uropathogenic E. coli (UPEC) U110 DNA; lanes 6 and 7: UPEC U111 DNA; lanes 8 and 9: UPEC U310 DNA; lanes 10 and 11: Pseudomonas sp. 
DNA; lanes 12 and 13: Klebsiella pneumoniae DNA; lane 14: blank. (B) Dry-reagent PCR with malB primers. lane 1: ladder; lane 2: E. coli 
DH5α DNA; lane 3: E. coli DH5α culture; lane 4: UPEC U110 DNA; lane 5: UPEC U110 culture; lane 6: UPEC U111 DNA; lane 7: UPEC 
U111 culture; lane 8: UPEC U310 DNA; lane 9: UPEC U310 culture; lane 10: Pseudomonas sp. DNA; lane 11: Pseudomonas sp. culture; 
lane 12: K. pneumoniae DNA; lane 13: K. pneumoniae culture; lane 14: blank.
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Shigella showed high sequence similarity with malB 
sequence of E. coli (Fig. 3).

Discussion

Dry-reagent PCR is not a popular technique 
in spite of having number of merits. Dry-reagent 
PCR has been successfully employed for the rapid 
detection of Mycobacterium species, M. ulcerans, 
Salmonella Typhi, Vibrio cholerae, Clostridium sp., 
Staphylococcus sp., Acinetobacter sp. and Yersinia 
pestis10-20. Dry-reagent mix can also be used for 
quantitative PCR21,22, real-time reverse transcription 
PCR23 and isothermal PCR24. Carbohydrate polymers 
have been used to stabilize PCR mix which forms 
glassy matrices and provide room temperature 
stability25 without compromise or decline in their 
efficacy even after a year of storage at 20°C26. Several 
techniques of freeze-drying PCR reagents providing 
phenomenal stability have been used by different 
workers10,12,14,15,20-24.

The dry-reagent PCR assay for malB gene showed 
100 per cent agreement with conventional PCR assay. 

The 13 strains of Shigella were also identified in the 
PCR. This gene is conserved across diverse lineages 
of E. coli and is not shared by other Gram-negative 
bacteria except Shigella sp., based on BLAST analysis. 
We considered this region to be appropriate because 
of its conservation, as well as the rarity of Shigella 
as a cause of extraintestinal infections5. Genome 
comparisons showed that Shigella shared a common 
backbone sequence with E. coli27, and the nucleotide 
homology was nearly 90 per cent28. Molecular 
evolutionary studies have shown that enteroinvasive E. 
coli (EIEC) and Shigella can be regarded as a single 
pathovar of E. coli29. 

The lyophilization was not used in our study 
to convert the reaction mixture in dry format, thus 
reducing cost of freeze-drying. The significant 
modification was the elimination of DNA extraction 
step. DNA extraction is critical for the success 
of any molecular assay. Poor-quality DNA often 
gives erroneous results. Most laboratories use 
either column-based or phenol:chloroform-based 
DNA extraction. Column-based DNA extraction is 

Fig. 3. Multiple sequence alignment of Escherichia coli (accession no. LT615379) and Shigella sp. (accession no. CP014768) and their 
consensus sequence. Arrow marks indicate the forward and reverse primer.

Fig. 2. (A) Conventional wet mix PCR with malB primers. Lane 1: ladder; lanes 2 and 3: Shigella flexneri DNA; lanes 4 and 5: S. sonnei 
DNA; lanes 6 and 7: clinical isolate of Shigella DNA; lanes 8 and 9: uropathogenic Escherichia coli (UPEC) U110 DNA; lanes 10 and 11: 
Klebsiella pneumoniae DNA; lane 12: malB clone as template for positive control; lane 13: blank. (B) Dry-reagent PCR with malB primers. 
Lane 1: ladder; lane 2: S. flexneri DNA; lane 3: S. flexneri culture; lane 4: S. sonnei DNA; lane 5: S. sonnei culture; lane 6: clinical isolate 
of Shigella DNA; lane 7: clinical isolate of Shigella culture; lane 8: UPEC U110 DNA; lane 9: UPEC U110 culture; lane 10: K. pneumoniae 
DNA; lane 11: K. pneumoniae culture; lane 12: malB clone as template for positive control; lane 13: blank.
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commercially available; however, it is expensive. The 
phenol:chloroform extraction though cheap is time-
consuming and hazardous. Dry-reagent PCR master 
mix was user-friendly by further reducing the stages 
of storing and thawing of reagents before use and 
preparation of master/reaction mixture. Therefore, 
chances of activity loss and contamination of reagents 
were eliminated.

In conclusion, the dry-reagent PCR developed 
in this study was speedy, less cumbersome 
and user-friendly without compromising the sensitivity 
and specificity. As there is no need to establish a 
dedicated PCR laboratory, peripheral laboratories may 
also use this molecular assay. 
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