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Use of 1.8kb Gene Amplification Restriction Analysis (PCR-RFLP)
in Species Identification of M. tuberculosis.
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Abstract : Conventional identification of aclinical isolate of Mycobacteria primarily based on
culture characteristics and biochemical tests needs several weeks and may remain inconclusive.
This study was undertaken to eval uate a new rapid method to identify the Mycobacterial isolates
at specieslevel by gene amplification restriction analysis using primers encoding 16S-23S rRNA
internal transcribed spacer (ITS) region and flanking parts of the 16S as well as 23S rRNA gene.
Restriction was carried out with restriction enzyme Hha |. This assay was applied on 5 reference
strains and 50 clinical isolates of mycobacterial and 5 environmental isolates to validate the
technique. Distinct gene amplification restriction analysis patterns were obtained by restriction
of amplicons with Hha | restriction enzyme which could differentiate various mycobacterial
species. The procedure dose not involve hybridization steps for the use of radioactivity and
can be completed within 1 working day.
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I ntroduction

Mycobacteria are heterogeneous group
of organism. The most common
mycobacterid infectionin theworld is caused
by M. tuberculosis. However the infection
caused by non tuberculous mycobacteria
(NTM) is becoming important which
necessitates accurate and fast identification.
Accurate identification of mycobacteria at
species level isvery important for patient
management and their effective treatment as
drugsrequired for treetment of TB and NTM
disecases are usudly different (Springer et al.,
1996)

Conventiond identification of aclinica
isolate of Mycobacteriaprimarily based on
culture characteristics and biochemical tests
needs several weeks and may remain

inconclusive. Although various gene
amplification based methods have been
applied for the rapid detection and
identification of mycobacterium species but
we preferred the PCR-restriction analysis
(PRA) techniques because these are smple
and cogt effective.

This study was undertaken to evaluate
a new rapid method to identify the
Mycobacterial isolates at species|evel by
gene amplification restriction analyssusing
primers encoding 16S-23S rRNA internal
transcribed spacer (ITS) region and flanking
parts of the 16S aswell as 23SrRNA gene.

Materials and Methods

Collection of Mycobacterial
isolates: All the sputum samples were
collected from the pulmonary tuberculosis

*  Corresponding Author : Priti Goyal, Department of Zoology, University of Rajasthan, Jai pur-300
2001; India; E-mail : pritigoyal 1978@r ediffmail .com.

129



Goyal P. and Bhatia A.L. (2008) Asian J. Exp. i

cases at DOTS centers situated at the old
city of Jaipur. These sampleswere collected
in leak proof vials and equal amount of
cetylpyridinium chloride (1% CPC and 2%
NaCl) was added in the sputum. All isolates
were identified by AFB staining and culture
method. The 5 environmental isolates (Ev-
1, Ev-2, Ev-3, Ev-4, Ev-5) from the same
area and standard strains of M. tuberculosis
(H37Rv), M. avium (N-17), M. terrae (N-
23), M. vaccae (J-28) and M.
intracellulare (N-8) were taken from the
Mycobacterid Repository Centre, CJIL and
OMD Agra

| dentification of isolates: All isolates
were identified by AFB staining and culture
on Lowenstein Jensen medium. A battery of
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biochemical tests including pigment
production test, tween 80 hydrolyss, nitrate
reduction test, catalase test at 68°C were
gpplied for identification of isolates.

Sample preparation: DNAS were
isolated by a physiochemical procedure of
freeze boiling and treatment with lysozyme
and protienase K method.

Amplification of 1.8 kb fragment of
isolated DNA by PCR: Amplification of 1.8
kb fragment of isolated DNA was performed
by the polymerase chain reaction by using
specific primersdesigned at CJL & OMD,
Agra (DBT project report 1999). Master
Mix was prepared by mixing following
reagents as shown in Table 1.

Table: 1
Reagents Coniﬁf:(ation Final Concentration| Volume/ Sample
PCR Buffer 10X 1.5mM 5ulxn
dNTPs 2mM 200 mM lulxXn
Py 0.7227 ug/ul 0.21681 ug/reaction 0.3ulxXn
P, 0.6039 pg/ul 0.18117 ug/reaction 0.3ulXn
Taq Polymerase 5U/ul 2.5U/100 ul 0.5ul X n

n = No. of samples

Distilled water - Variable to make up
volumeto 50 ul.

Primer Sequence

P, (CJIL NO. 52) - 5>GAT TGA
CGG TAG GTG GAGAAGAAG<3

P, (CJIL NO. 53) - 5>CAC GGG
CCC GCT GCT ACT CG<3

48 ul volume of the PCR mix was
dispensed in each tube (in DNA addition

room) and 10-200 ng (2 ul) genomic DNA
was added and overlaid with 2 drops of
minerd oil. 1-2 drops of minerd oil wasaso
added in the wells of thermal cycler before
loading the samples. Minerd oil overlaying
was not required in gold plated thermal
cycler. Gene amplification was performed in
a thermal cycler as per the following
temperature profilesasgivenin Table 2:
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Table: 2

Step Temp. Time
Initial Denaturation 94° C 2min
Denaturation 94° C 1min
Annealing 59° C 1min 35 cycles
Extension 72° C 2min
Final Extension 72°C 5 min

Analysis of amplicons by agarose  at 37°C for 2 hours.

gel electrophoresis: The steps used are as
follows

(i) 15 pul of amplified product was
added to 5 ul of loading dye solution (6X).

(i) 1t was mixed and loaded into the
wells of the 1.5% agarose gel.

(iit) 500 ng of molecular weight marker
was |loaded into the first lane of the gel.

(iv) Electrophoressrun wasdone at 1.2
V/cmfor 1to 1.5 hours,

(V) The fragment was observed on the
UV translluminator and Gel Doc System. Al
samples were observed for having bands
corresponding to the 1.8 kb gene region.

Restriction of Amplified DNA

(i) Preparation of Reaction Mixture:
Amplified DNA of each species was
restricted by adding following reagents:
PCR product of each species 10 pl

Redtriction buffer 4 ul (10X)
Restriction enzyme (Hhall) 0.5ul (BV)
B.SA. 05ul
Didtilled water 15 ul
Tota volume 30 ul

(i) Enzymétic Reaction: After addition of
these reagentsin each tube, the tubes were
centrifuged for few seconds and incubated

Resolution of restricted DNA by
agarose gel electrophoresis

(1) Preparation of Loading Samplesin
Agarose Gdl: After 2 hours 6 ul of loading
dye (6X) added in the samples and heet 68°C
for 5 to 10 min. for stop the enzymatic
reaction.

(i) Loading of Reaction Mixturein a
Agarose Gdl: Reaction mixture was loaded
inage (2%) and run for 4 hoursat 1.2 V/
cm.

(i) Analysis of Bands on the Gel Doc
System: After 4 hrs. The fragment size of
bands obtained were analyzed on Gel
documentation system with the help of
guantity one software.

Results

DNAsof dl isolates (environmenta and
clinical) and standard strains were isolated
and the 1.8 kb gene was amplified by PCR
using mycobacteria specific primers. The
amplicon of isolateswere redtricted by using
the regtriction enzyme Hha | for 1.8 kb gene
region. The different band patterns obtained
after restriction with Hha | enzyme were
shown in the Figures 1 and 2 .The results
were summarized in the Tables 3 and 4,

respectively.
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Fig. 1. Gene Amplification Restriction Analysis (PCR-RFLP) of Mycobacterial
I solates Amplicons of 1.8 kb Gene Digested with Hha | Enzyme

MI1I02BTE 6 4321U

Lane 0: Uncut Amplicon, Lanes 1 to 2: Environmental isolates, Lanes 3 to 9: M. tuberculosis
isolates, Lane 10: M. avium standard strain, Lane 11: M. tuberculosis standard strain, Lane

12: Marker (100bp).

Fig. 2. Gene Amplification Restriction Analysis (PCR-RFLP) of Mycobacterial
I solates Amplicons of 1.8 kb Gene Digested with Hha | Enzyme
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Lane 0: Uncut Amplicon, Lanes 1 to 3: Environmental isolates, Lanes 4 to 6: M. tuberculosis
isolates, Lane 7: M. tuberculosis standard strain, Lane 8: M. avium standard strain, Lanes 9
to 11: M. tuberculosis isolates, Lane 12: Marker (100bp ladder).
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Table 3: Fragment Size of Restriction Fragments Generated from 1.8 kb Amplicons
from Isolates as well as Reference Srains

Biochemical |Fragment Size . .
L Mo. ke Molecular Ide ntificaiio
ane No Samp Tde ntification (hp) olec e ation
1] Uaeut 1E00
Mlycobactetia 500, 450, 320, Mot matched with std. steain
1 Evw-1 other then of M fubercuiosis  atd M
. 356, 230 _
taberculosis ariLim
MIycobactetia S0, 450, 320, Mot matched with std. st am
2 Ew-2 other then of I freberculosis  and T
. 350, 230 .
tuberculosis AriLm
210, 450, 365, | Matched with std. stram o
3 JPE.-1 M fub jfal) ’ ’ ’
SrEHioss 250 M fuberculosis
| B0, 450, 365, | Matched with std. strain of
4 3 I fubereulosis 250 I fubereviosis
| B0, 450, 365, | Matched with std. stram o
3 JPE.-3 M fubercuiosis 230 M fuberculosis
p IPK .4 M fubercuiosis 210, 450, 365, | Matched with std. stram o
250 M fuberculosis
| 210, 450, 365, | Matched with std. stran o
T JPE.-3 M fubercuiosis 230 U fuberculosis
| B10, 450, 365, | Matched with std. stran o
2 JTPE.-A M fuberculosis 230 I fubereuiosis
g IPK.7 M fubercuiosis 210, 450, 365, | Matched with std. stram o
250 M fuberculosis
10 H-17 M avizen std 30, 300, 450,
250
M fubercuiosis | 810, 450, 363,
11 H3F Bar St 50
19 Ilatker
(1000
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Table 4: Fragment Size of Restriction Fragments Generated from 1.8 kb Amplicons
from Isolates as well as Reference Srains

Biochemdical | Fragmeni Size . .
Lane Mo. Sample Identification bp) Moler ular Identifica tion
] Tncut 1800
i Mot tohed writh std.
Mymobacteria | gny gqn qop | 104 maMhed with st
1 Ewv.-3 other then 250 strain of A tuberculosis
tube rculosiz ard A ami
I'|I|'I-T:Iﬂ: Dh-&cteria N Dt mﬁtf hEd mﬂl Std.
2 Frr.-4 ather then 700, 500, 450 | strain of A fuberculosis
tuberoulosis and M. o
I'|I|'I-T:Iﬂ: Dh-&cteria N Dt mﬁtf hEd mﬂl Std.
3 Er -5 ather then 1200, 450 strain of A fuberculosis
tuberculosiz and M. goiin
] 210,450, 355, | diatched with std. strain of
4 JFE.& M. fubereulosis a0 M tuberculosis
5 IPK. i fuberculosis 210,450, 365, |Matched with std. s-tram of
250 M. tuberenlosis
) 210,450, 365, |Matched with std. strain of
f JFEC-10 M. fubereulosis 5] M tubereulosis
AL tuberenlosiz | 810,450, 3685,
7 H 3Ry stid. 250
. 230, 300, 450,
a M-17 AL amiwm std. 250
9 IPKA L M fubarculosts 210, 450, 365, | Matched with std. s.irain
250 of M tuberoulosis
210, 450 365, | Matched weith std. strain
10 JPE-12 M fuberculosis ’ ’ ? :
250 of M tuberculosis
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Observation of 1.8 kb PCR-RFLP

All  biochemically identified
Mycobacterid isolates, environmentd isolates
and reference srainswere amplified by usng
specific primersfor 1.8 kb gene region and
restriction with the Hha | enzyme.

« All dicited band patterns were matched
with the standard strains of M.
tuberculosis and the size of bandswere
810bp, 450bp, 350bp, 250bp.

o Fromreference strains of M. aviumand
M. intracellulare, bands size obtained
were 550bp, 500bp, 450bp, 250bp and
690bp, 500bp, 450bp, 230bp
respectively which are distinct from M.
tuberculosis.

o Thefive environmenta isolates showed
the different band pattern. The band size
which were obtained from the
environmenta isolates were

Ev-1: 500 bp, 450bp, 380bp, 365bp, 250bp

Ev-2: 500 bp, 450bp, 380bp, 365bp, 250bp

Ev-3: 800bp, 450bp, 320bp, 250bp

Ev-4: 700bp, 500bp, 450bp

Ev-5: 1200bp, 450bp

Results indicated that the bands sizes
from the environmentd isolateswere different
from the standard strain of M. tuberculosis
and reference strains of M. avium, M.
intracellulare, M. terrae, M. chelonae, It
indicates that these are the different species
of mycobacteria.

e All mycobacterial isolates showed the
similar band patterns with the standard
strains of M. tuberculosis; this hereby
confirms that these belong to the M.
tuberculosis species.

Discussion
Of the 121 known Mycobacteria,
nearly one third have been observed to be

associated with disease in humans (Euzeby,
2006). Non tubercul ous mycobecteria have
been reported to cause localized or
disseminated disease depending on local
predisposition and/or degree of immune
deficit. In AIDS patients manifestation may
range from localized to disseminated disease
(Katoch, 2004; Wayne et al., 1992).

Various gene amplification based
methods have been applied for the rapid
detection and identification (or differentiation)
of Mycobacterial species. Among these
different methods PCR-restriction analysis
(PRA) techniques are preferred because
these are smple cost effective. PCR-RFLP
andyssof different generegionssuch ashsp
65 (Telenti et al., 1993), 16S rRNA or its
coding rDNA (Vaneechoutee et al ., 1993),
rpo B gene (Kim et al., 2001), dna J gene
(Takeweki et al., 1994), gyr B (Kasai et al.,
2000), upstream sequences of kat G (Goya
et al., 1994) gene etc. have been described.
However each technique has its own
advantages and disadvantages. In contrast,
the 165-23S rRNA gene region has been
conddered asuitabletarget for differentiating
species and potentially can be used to
digtinguish dlinicaly relevant Mycobacterid
species (Park et al., 2000).

The assay developed can easily
distinguish M. tuberculosis complex from
other non chromogenic mycobacterialike M.
avium and M. intracellulare because the
band patterns from M. tuberculosis were
distinct from M. avium and M.
intracdlulare, which aretwo other clinicaly
relevant non-chromogenic dow growers. It
was also observed that different species
showed the distnict band patterns, so by
using thistechnique we can identify different
species of mycobacteriain one experiment.
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This PCR restriction analysisis lesstime
consuming and less labour intensive than
traditional methods and should be gpplied in
clinical laboratories. Our assay allowed
better and easier differentiation on gelsasit
targets alarger region than I TS sequences
between the 16S-23S rRNA genes alone.
The drawback of this system isthat it does
not differentiate the two important members
of M. tuberculosis complex (M.
tuberculosis and M. bovis). Use of more
restriction enzymes or other assays could be
valuablefor this purpose.

Conclusion

Restriction patterns with the enzyme
used in this study could clearly distinguish
Mycobacterium tuberculosis complex from
other non chromogenic clinicaly important
species M. avium and M. intracellulare.
Results indicated this assay to be asmple,
rapid and reproducible method to identify
clinicaly relevant Mycobacteria.
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