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Wﬁerg you fiave eliminated the impossible, whatever remains, hiowever improbable, must be the truth.
: ’ - Sir Arthur Conan Doyle
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Chapter 2: Development of a Deinococcus specific hiemi-nested PCR method for the environmental detection and
, study of culture- independent diversity of Deinococcus sp,

‘2.1 Introduction
The family Deinococcaceae is represented by more than 40 validly described

species, all (except one) belonging to a single genus, Deinococcus (Taxohomy Browser
NCB], hﬂp://www.&ncbi‘nlm.nih. gov/Taxonomy/Browser/wwwiax. cgz); which has
members that are non-spore forming, gram positive, aerobic, chemorganotrophs, that
exhibit remarkable resistance to radiation, desiccation and DNA démaging agents such
as mitomycin (Battista, 1997; Cox and Baﬂisti, 2005; Blasisus et al., 2008; Slade and
Radman, 2011). Study of this group of organisms is central for understanding the
mechanism of radiation resistance (Battista, 1997; Liu et al., 2003; Daly et al., 2004;
Daly et al., 2007). Their pofential application in bioremediation of radioactive waste
“sites is also an important aspect (Daly, 2000; Fredrickson et al., 2000). '

Environments from which deinococci have been isolated include diverse locations
such as desert sand (de Groot et al, 2005, Rainey et al., 2005, Chanal et al., 2006),
canned meats, (Andersoh et al., 1956) geothermal springs (Ferreira et al., 1997), plant
rhizospheres (Lai et al.; 2006, Yang et al., 2008), and Antarctic soil (Hirsch et al.,
2004). However the properties of these environments do not show any correlation that
could proffer an explanation, based on natural selection, of their ionizing radiation (IR)
resiétant phenotype. It has been postulated that the IR resistance of D. radiodurans R1
(DR1) and its desiccation tolerance may be attributed to common machinery that repairs
double-strand breaks in DNA (Slade and Radman, 2011).

Interest in the isolation of deinococal cultures has led to the rapid expansion of the
list of validly known species from only seven a decade ago (Battista, 1997) to about
47 in 2011 (Slade and Radman, 2011). Most often, for the isolation of deinococci,
e)':posure of the total population to ionizing radiation is utilized as a means of
enrichment (Ferreira et al, 1997; Rainey et al., 2005, 'Shukla et al., 2007), since the
slow growth and fastidious nutrient requirements of deinococci makes them difficult
to be isolated without eliminating the co-existing faster growing radiation—sensitive
_population. The utilization of strong selective conditions for their isolation, however,
obliterates information aBout their relative abundance in different environments. As a
result, despite their wide spread distribution in several niches, comprehensive study

on deinococcal ecology is lacking.
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In addition to deinococcal isolates, a nuniber of environmental 16S rRNA gene
sequences having deinococcal affinities are reported form different habitats
(Ribosomal database Project hitp.//rdp.cme.msu.edu/index.jsp). These nucleotide
sequences are mostly obtained by culture-independent approaches involving
construction of rRNA gene libraries of the bacterial community present in the
environment, followed by sequencing and identification of ,deiﬁococcal clones from
these libraries on the basis of their sequence similarity with the 16S rRNA gene
sequences of identified isolates (Carpenter et al, 2000; Chanal et al, 2006). Based on
.the abundance of deinococcal clones in 16S rRNA gene libraries, it could be surmised
that deinococci comprise a small fraction of the total bacterial community.

An alternative to total community rRNA gene libraries for culture independent
study of bacterial populations is to selectively target the 16S rRNA géne sequences of
a specific subpopulation, to study the composition and diversity of only that-
population from the environment. Such a study necessitates the dévelopment of
unique DNA: probes and/or group specific PCR primers for the selective study of that
subpopulation. Such primers/probes may be species specific (Pulawska et al., 2006;
Wong-Villarreal et al., 2010), genus specific (Jurado et al., 2006; Klocke et al'.‘,2006;
Kim et al., 201 1), phylum specific (Blackwood et al.; 2006; Muhling et al., 2008) or .
they could be specific towards a gene involved in a common functional attribute of
that subpopulation (Tancsics et al., 2010; Dandie et al., 2007; Gomes et él., 2007
Antony et al., 2010). Group speciﬁé primers give better insight into the distribution,
abundance and diversity of a specific sub-population. Of the several radiation resistant
genera described Rubrobacter has been investigated using group specific primers
(Holmes et al., 2000). ' ,

Wise et al., (1996) developed DNA probes based on the four deinococcal species
described then. The designed probes were claimed to species specific. Peltola et al.,
(2008) have described 16S rRNA gene based PCR primers for quantification of D.
geothermalis, so that they serve as species specific primers. Thus, PCR primers/DNA
probes specifically and exclusively targeting majority if not entire deinococcal
community are lacking and this precludes culture-independent studies addressing

specifically the diversity and species composition deinococci.
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Radiation resistant bacteria can severe as sensitive indicators of radiation pollution
or excessive exposure to radiation. Development of group-specific primers for the
detection of the members belonging to the genus Deinococcus will aid in easy and
rapid detection and quantification of their distribution in Several different environment
that can aid in understanding of the evolution of tﬁe radiation resistance mechanism of
the deinococci. This chapter deals with the development of 16S rRNA gene based
PCR method for the rapid detection of deinococci from the environmental samples.
The method is successﬁllly applied to comprehend the diversity of deinococci by
PCR-denaturing gradient gel electrophoresis (DGGE) and to establish the deinococcal
identity of isolates obtained.

| 2.2 Materials and Methods

2.2. 1 Bacterial strains and growth conditions
The bacterial strains used in this study are listed in Table 2.1. The deinoocccal

cultures were grown in tryptone-glucosefyeast extract (TGY) medium (0.5 % tryptone,
0.1 % glucose and 0.3 % yeast extract) at 30 °C while non-deinoccal cultures were
grown in Luria-Bertani (LB) medium at 30 °C except E. coli which was grown at 37 °C.
Bradyrhizobium japonicum 61A152 was grown on Congo red-yeast extract—fnamﬁ"col

agar at 30 °C.

2.2.2 Bioinformatics tools used for the designing of Deinococcus specific primer
The 16S rRNA gene sequences of genus Deinococcus as listed in the Ribosomal

Database Project (RDP) (http://rdp.cme.msu.edu/) were aligned using Ciustal w
(http://www.ebi.ac.ulk/clustalw). The specificities of the conserved seQuences were
examined using the RDP PROBE MATCH tool by using sequences of approximately
20 nucleotide length as the query.

2.2.3 Soil sample collection

Soil samples from several arid and non-arid regions in India were collected. Top 5
cm layer of soil was collected and storéd at 4 °C for culturable studies. An aliquot of the
sample was preserved at -20 °C for community DNA isolation. The physico-chemical i
characteristics of the soil samples were determined at the Soil testing laboratory,
Gujarat State Fertilizer Company (GSFC), Vadodara. The total Cr®" concentration of

chromium contaminated soil sample was estimated by heat digestion of soil sample by
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HNO; + HCIO; and ‘analyzed by Atomic absorption spectrophotometer (AAS) (GBC,
Australia) at GSFC, Vadodara.

2.2.4 Isolation of radiation resistant bacteria
~ One gram of soil sample was irradiated for 10 kGy using Cogo source at 4 kGy/h.

The irradiated soil sample was suspended in 4.5 ml of saline (0.85 % NaCl), vortexed
thoroughly and appropriate dilutions were plated on TGY agar plates and incubated
for 4 5 days at 30 °C. Morphologlcally distinct colonies were purified and maintained
on TGY plates.

Table 2.1 Bacterlal strams used in thls study _

@
Prof. Mary Lxdstrom,
D. radiodurans R1

ATCC 13939
(AR - Usa

Type strain University of Washington,

Microbial Type Culture
D. indicus MTCC 4913 Arsenic resistant Collection (MTCC),
Chandlgarh India

Rkodococcus‘ ‘ “ Higil G+C gram

rhodochorous positive, Family - MTCC, Chandigarh
.MTCC 2569 _ Nocardiacae

Low GC gram positive, Department culture

Bacillus subtilis
Phylum Firmicutes . collection
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Department culture

: Phylum Gamma- )
Escherichia coli DHS5o, collection, Sambrook and

Protecbacteria ,
‘ Russell, 2001

2.2.5 Determination of UV tolerance of the bacterial isolates
" " The bacterial cultures were grown in TGY broth to late exponential phase,

pelleted, washed with saline and ODgoo adjusted to 0.4 and 10 ml of it was exposed to
UVina sterile petri plate using UV chamber (Wilber Lourmat, France) with 254 nm
UV source. Aliquots of 1 ml were withdrawn at an interval of 200 J/m?, appropriately |
diluted, and Iilated on TGY agar plates, incubated at 30 °C. The colonies were

enumerated after 72 h.

2.2.6 Biochemical characterisation of the radiation resistant isolates

2.2.6 a Biochemical chargcters A
Biochemical characterisation of the radiation resistant isolates were done in

accordance to the Bergey’s Manual

2.2.6 b Single carbon utilisa¥ion
Carbohydrate utilisation test was done using the Hi-Carbo test kit (Hi-media,

Bombay, India). The bacterial cultures were grown to late exponential phase and
washed with saline. A 50 pl of this was inoculated in each of the carbohydrate well
provided in the kit and incubated at 30 °C for 48 h.

2.2.6 ¢ Antibiotic —senstivity test ‘
A 100 pl of overnight grown culture was spreaded on TGY agar plates. The

desired antibiotic octadisc was placed on the plate and incubated at 30 °C for 48 h.

2.2.6 d pH and temperature optima for growth of radiation~resistant bacterial isolates
To determine the temperature optima the cultures were grown in TGY and

incubated at different temperatures. ODggp was monitored after 48 h. pH optima for
the bacterial isolates was determined ih TGY broth prepared in 0.1 M buffer of
varying pH range. Acetate buffer for pH range 3, 4 and 5; phosphate buffer for pH 6
and 7; and Tris buffer for pH 8, 9, 10 were employed for determining the pH optima.
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2.2.7 Soil community DNA isolation _ .
Community DNA was isolated by the method described by Porteous et al., (1997).

Briefly 0.5 g of soil was added to 925 pl of SDS lysis buffer (0.25 M NaCl, 0.1 M
Na,EDTA, 4 % SDS) and 75 pl of guanidine isothiocyanate, homogenized for 172 (
min by vortexing and then incubated for 1 h at 68 °C. The samples were then
centrifuged at 13,000 g for 15 min at 4 °C and to the supernatant 300 pl of 30 % PEG
8000 in 1.5 M NaCl was added. The DNA was precipitated at -20 °C for 1 h followed
by centrifugation at 13,000 g for 15 min at 4°C. Pellet was dissolved in 900.ul 2x
CTAB solution (2 % hexadecyl trimethyl ammonium bromide, 1.4 M NaCl and 0.1 M
Na;EDTA) and incubated for 15 min at 68 °C. To the above solution 925 pl
chloroform was added and gently mixed and centrifuged at 13,000 g for 10 min at
room temperature. The aqueous DNA sdlﬁtioniw-as‘,precipitated with 1 ml isopropanol
for at least 15 min at -20 °C, centrifuged at 13000 g for 15 min at 4 °C to collect the
pellet. Pellet was dissolved in 450 pl 2.5M ammonium -acetate (NH4OAc) and 1ml of
95 % ethanol was added, kept for 'incubatioh at — 20 °C for 15 minutes and
centrifuged at 13000 g for 15 min at 4 °C. The pellet obtained was then washed with

70 % ethanol and dissolved in minimum amount of double distilled water.

2.2.8 PCR amplification of 16S rRNA gene using universal primers
Universal eubacterial 16S rRNA PCR primers, Eub27F and Eub1107R (Table 2.2),

obtained from MWG Biotech, Germany, were used for amplification of 165 rRNA
gene from either pure cultures or from soil community DNA. PCR was carried out in
30 ul reaction mixture consisting of 1 ng of template DNA, 30 pmole of each of the
primers, 1 pl of mixture of ANTPs 2.5 mM each, 1.5 U of Taq polymerase, combined
with appropriate amount of 10X Taq polymerase buffer. Amplification was carried
out in a thermal cycler (Applied Biosystems, USA) with an initial denaturation at 94
°C for 3 min, followed by 30 cycles of denaturation at 94 °C for 45 s, annealing at 58
“C for 30 s, elongation at 72 °C for 1 min and 30 s, with a final elongation at 72 °C for
10 min. Amplicons were detected by electrophoresis on 1.0 % (w/v) agarosé ethidium

bromide gels.

2.2.9 PCR Amplification of 16S rRNA gene using Deinococcus specific primér
~ 16Sr RNA gene amplicon obtained as above (Section 2.2.8) was used as template

for hemi-nested PCR using forward Deinococcus specific primer Deino202F (Table
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2.2), (numbering corresponding to the 202-222 D. indicus 16S rDNA gene sequence)
and 1107R as the reverse primer. Following additives were added to the PCR mixture
individually or in combinatiohs mentioned af a final concentration as given: betaine,
IM; DMSO, 10 %; glycerol, 10 % and formamide, 10 %. About 10- 50 ng of the
template DNA was combined with 30 pmole of each of the primers, 1 pl of 2.5 mM of
dNTPs, 15U bf Taq DNA polymerase in 10X Tag polymerase buffer. The PCR was
carried out at an initial denaturation at 94 °C for 3 min followed by 30 cycles each
consisting of denaturation at 94 °C for 45 s, ai_mealing at 58 °C for 30 s, elongation at
72 °C for 1 min and 30 s repeated for 30 cycles with a final elongation at 72 °C for 10

For amplification in presence of competing DNA, mixture of 20 ng each of 16S
rRNA gene fragments amplified from different organisms was combined with varying
concentrations of 16S rDNA of DR1 at final concentration and used as template for

Deinococcus specific nested PCR. .

Table 2.2 PCR primers used in this study

Sequeﬁce (5°-39 Reference

o

Sukl; efll.,
Eubl1107R

2007

o e
Ge-pagar  COCCCGCCGCGOGCGGCGGGCEGGGEaGG  Muyzer etal.
. GGCACGGGGGGCCTACGGGAGGCAGCAG 1993

2.2.10 Conétruction and analysis of deinococcal 16S rRNA gene fragment library
The community tDNA gene fragments obtained by PCR amplification of seil

community DNA using Deinococcus specific PCR was purified and cloned in the
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pTZ57R/T (InsTAclone, MBI Fermentas, USA) following the manufacturer’s
instructions and transformed in to E.coli DH50. The presence of the recombinant
plasmids in different transformants lwas confirmed by PCR with Deino202f and
Eub1107R. The clones were analyzed by restriction fragment length polymorphism
(RFLP) using restriction enzymes Hhal and Mspl. The digested products were

electrophoresed using 8 % polyacrylamide gel and visualized by silver staining.

2.2.11 PCR-DGGE of 16S rRNA gene
An appropriate dilution of PCR product obtained upon Deinococcus specific hemi-

nested PCR, using either environmental DNA or genomic DNA of a pure culture, was
reamplified using GC- P341F containing the GC clamp andEib534Rby the protocol
described by Muyzer et al, (1993). The products were analysed on 8 %
polyacrylamide gel with denaturing gradient of 50 to 70 %, where 100 % denaturant .
contained 7 M urea and 40 % formamide. Elecﬁophoresis was carried out using the
D-code system (Bio-Rad, USA) for 16 h at 60 °C in 1X TAE bhffer at 75 V,
following which the DNA bands were visualized by silver staining. The DGGE gels
were photographed and analysed by AlphaEase 4.0 software (Alpha Innotech , USA).
The Shannon—Weaver index was calculated as

H=-2(ny/N) log (n//N)

Where n; is the area of the peak and N is the sum of all the area covered under
individual peaks of the densitometric curve. The DGGE bands were excised and gel
pieces crushed in 50 pl distilled water, followed by centrifugation at 10,000 rpm for
3min. A 5ul aliquot of the supematant. was added to PCR reaction mixture for
reamplification using the GCP331F é.ndEid;SSlqurimers. The reamplified bands were

checked for their purity on DGGE gel as mentioned above and sequenced.

2.2.12 DNA sequencing and phylogenetic analysis
Cloned DNA samples were sequenced at Bangalore Genei Pvt. Ltd. (India). "The

phylogenetic analysis of the sequences was performed using the Tree Building tool at
RDP (http://rdp.cme.msu.edw/). The BLASTn search tool (Altschul et al., 1990) was
used to determine sequence homology and the most similar sequences in the GenBank
database. All 168 rRNA gene sequences obtained in this study have heenr deposited in

the GenBank and accession numbers are provided in the results section.
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2.3 Results and Discussion
2. 3.1 Designing and in-silico validation of Deinococcus specific primer

‘All  the type strains representing .genus Deinocoocus listed at RDP
(http://rdp.cme.msu.edu/) were used for the alignment using Clustal W and several
patches of sequences conserved in all deinococci were obtained. The conserved
sequences comprising of 18-mers were analysed using for their presence in other
taxonomically distinct groups of bacteria. Table 2.3 lists the data for all the conserved
sequences and the hits in other phyla such as Proteobateria, Firmicutes etc. The
sequence corresponding to nucléotide-positions 202-222 (numbered according to D.
indicus sequence) had maximum coverage in fhe genus Deinococcus. This
oligonucleotide sequence identified had 99.4 % hits in Deinococcus, demonstrated
- excellent match to this group specifically (Table 2.3). Whether all deinococci show
‘conservat‘ion of this sequence was ascertained and it was found that this sequence was
present with- 100 % match in 27 of the 40 species listed at the RDP database. The type
strains D. alpitudinis, D. claudioa and D. radiomolis, were recognized with a single
mismatch at 5° end of the primer, iﬁdicaﬁng that these may be amplified by primers
complementary to this sequence. Seven species viz. D. misasensis, D. roseus, D.
papagonenesis, D. periaridlitoris, D. sonorensis, D. maricopensis and D. pimensis,
form a coherent group in the Deinococcus clade not efficiently recognized by this
primer. Earlier probes reported by Wise et al., (1996) as Deinococcus specific, when
subjected to a similar analysis, were found to be present in maximum of 4 type strains
of genus Deinococcus. Thus, an oligonucleotide primer corresponding to the 202-222
region, Deino202F (Table 2.2), was identified as a potential Deihococcus specific

primer, targeting majority of species.

2.3.2 Deve_lopinent of Deinococcus specific hemi-nested PCR protocol’.
A two step hemi-nested PCR approach was developed, in which the first

amplification was done with universal eubacterial primers Eub27F and Eubl1107R,
followed by a second PCR, that utilizes the 16S rDNA form the first round as
template, with Deinococcus specific primer, Deino 202F and universal eubacterial
primer 1107R (Fig. 2.1).
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{ Genomic DNA from pure cultures ‘ } Soil Community DNA ]

Eub 27F \ /
—— )

165 rRNAgene
Sb1107R PCR Amplification of eubacterial 16S rRNA
‘l, &= using universal primers
Deinc202F !
[ oee SNPUU -
P Heminested PCR amplification of

l Eub1107R W deinococcal 165 rRNA

GC-P341f
6—9534;' PCR-amplification using GC clamp followed

by DGGE

=" ~~ 233 bpamplicons

| Fig. 2.1: Schematic representation of the Deinococcus specific heminested PCR
protocol and culture-independent DGGE analysis of deinococcal diversity

The initial Standardization. of the protocol was done using genomié DNA as

template, of DR1 as a positive control and of E. coli as a negative control. PCR
| reaction mixture containing 1M betaine was found to improve specificity at 58 °C, as
6pposed to other additives, to yield a band of expected band size, 900 bp, only with
the deinococcal template DNA (Fig. 2.2). The GC content of the deinococci varies
between 60-70 %; betaine, an isostabilizing agent, equalizes the contribution of GC-
and AT-base pairing to the stability of the DNA duplex (Henke et al., 1997), possibly
thereby improving the amplification. Therefore, subsequent PCR.amplifications were
carried out at annealing temperature of 58 °C in presence of 1 M betaine. Positive
amplification was observed with D. radiophilus ATCC 27603, D. indicus MTCC
4913 and our laboratory isolates Deinococcus sp. X2 and Deinococcus sp. G8 (Shukla
et al., 2007), but not with other phylogenetically diverse bacteria tested (Fig. 2.3).

For the suitability of the Deinococcus specific PCR to explore the diversity of this
group from natural environments, the protocol should bé robust in terms of its
sensitivity so- as to detect deinococci from mixed communities, in which deinococci
are usually far out-numbered by other taxonomically distinct bacteria. An amplicon of
900 bp was obtained using 168 rDNA of D. radiodurans R1 ATCC 13939 with a
sensitivity of 1 pg of first PCR product (Fig. 2.4a). ’
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123 45M6789 10 123 4 5M67 89 10

56°C 57°C

500bp

58°C

Fig. 2.2: Optimization of the Deinococcus specific hemi-nested PCR. 16S rDNA
was used as the template for the second round of nested PCR. Lanes 1-5 in each gel
represent PCR products obtained using E. coli genomic DNA as template; lanes 6-10 |
with D. radiodurans R1 genomic DNA as template. Additives used for PCR are as
follows: Lanes'1 and 6, 1M Betaine; Lanes 2 and 7, 25M Betaine; Lanes 3 and 8, 10 %
DMSO and 10 % Glycerol; Lanes 4 and 9, 10 % Formamide and 10 % Glycerol; Lanes 5
and 10, without any additive. 'M, (marker) 500 bp ladder. Annealing temperatures are
g’iveh alongside the gel picture.

1 2345678 910M

Fig. 2.3: Specificity of the Deinococcus specific hemi-nested PCR. Lanes: 1,
D. radiodurans R1 ATTCI13939; 2, Deinococcus sp.G8; 3, D. Vz‘ndicus; 4,
Deinococcus sp. X2; 5, D. radiophilus; 6, R. rhodochorous MTCC 2569; 7, M.
flavus; 8, B. japonicum 61A152; 9, E. coli; 10, B. subtilis§ Lane M, 500 bp ladder.
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‘In order to study whether these primers are suitable for specific amplification of
deinococcal 16S rRNA gene from a heterogenous mixture containing template DNA
from non-target organisms, a concoction of 20ng of each of 16S rDNA of the non-
deinococcal representatives, R. rhodochorous MTCC 2569, M. flavus, B. japonicum
61A152, E.coli and B. subtilis was made and to this 165 rDNA of DRI was added at
different concentrations. This was used as a template for the second step of the
Deinococcus specific nested PCR with Deino202F and 1107R as primers. An
expected amplification of 900 bp was obtained in presence of 6ompeting non-target
template DNA at all the concentrations (Fig. 2.4b). The sequence of the amplified
product showed 100 % sequence similarity with DR1 16S rRNA. This signifies the
specificity of designed primers in the detection of deinococi from a mixed population

such as in soils.

200ng 2ng 1pg 10fz 0.1z  20ng 2ng M 0.2ng 0.02ng

1000bp

500bp

(a) (b} |
Fig. 2.4: Sensitivity of the hemi—nested PCR amplification for the
amplification of deinococcal 16S rRNA gene fragments. a). Amplification using
-different amounts (as indicated) of DR1 16S tDNA as template. b) Amplification
using mixture of 20 ng each of 16S rDNA from different pure cultures and spiked
with varying concentrations of DR1 16S rDNA as indicated.

2.3.3 PCR amplification of deinococcal 16S rRNA gene fragments from
environment using Deinococcus specific primers
Samples were collected from western (GRK, LRX, CS, PP, CRC, BK), northern

Himalayan samples (LD, LH, BR) and southern parts of India (CH) (Fig. 2.5).
SampIing sites included diversified environments like salt deserts (LRK and GRK),
cold arid environments (LD.. and LH) and contaminated soils (PP and CRC).The

physico-chemical properties of the soil samples, as. given Table 2.4, show that
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samples varied in their physico-chemical properties, pH ranging from 7 to 8.5, while
organic carbon ranged from 0.11-1.52 %. Soils with electrical conductivity (EC) >
4.0, such as samples LRK, CS, CH, are considered of high salinity (Yuan et al.,
2007). The 16S rRNA gene was amplified from the total community DNA extracted
from environmental samples and the resulting amplicon was subjected to hemi-nested
PCR. Interestingly all the samples tested gave positive reaction however CS sample
consistently gave a significantly smaller sized PCR product than expected (Fig. 2.6)
indicating differences in this group. This infers the sensitivity of the designed

Deinococcus specific PCR protocol to detect deinoocci from diverse environments.

Fig. 2.5: Map showing the location of soil sampling sites. Central map shows
locations of the sites along the country and the maps on the sides show more precisely
the location within the states, with sample number given at the location in individual
states. Samples locations are as follows with sample designations given in brackets

1. Little Rann of K.utch (LRK); 2: Greater Rann of Kutch (GRK) 3: Lahaul (LH);
4. Ladakh (LD ); 5: Bikaner (BK); 6: Soil at the banks of river Baes, Kullu (BR); 7:
Chavra (CH); 8: Coastal soil (CS); 9: Petrol Pump (PP), Vadodara; 10: Chromium

contaminated soil (CRC), Vadodarg;
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Table 2.4: Physico-chemical analysis of the soil samples

) . o ) Electrical
Location of soil sample Sample " Organic  Organic .
conductivity

(12)

mScm™

iam‘:e collection site (Sample ~ collection pH  Carbon Nitrogen
NUMDCT

designation)  period (%) (%)

Jan, 2007 8.15 130 0.1118 2.98

Ladhak, Jammu & Jﬁﬁe;

Kashmir (LD) 2006 8.23 1.25 0.1 075 0.29

Beas River bank soil, = May;
Himachal Pradesh (BR) 2006

715 014  0.0129 0.14

0.1075 1770

e R

=
~ Chromium contaminated May,

10. soil, Vadodara (CRC) 2007

830 0.82 0.070 2.32

M cRc BR ©s cH LH 1D

1000bp B

500bp.

Fig. 2.6: Deinococcus specific nested PCR amplification from representative

- soil samples used in the study. M: 500 bp Marker. Sample names -as given in Table
2.4. ' '

The ability to withstand high doses of radiation in beicte;ria is considered as an

outcome of repeated cycles of hydration and dessication despite the apparent absence

of natural radioactivity on Earth (Cox and Battista, 2005; Shukla et al., 2007; Slade |
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and Radman, 2011). Our results of positive amplification from xeric 'environments
further affirm that such environments naturally select upon organisms that may be
radiation resistant. Positive results from desert samples BK, LD:-, LH, GRKX, is in
coherence with the fact that deinococci have been routinely isolated from xeric
environments such as the deserts of Sonoran (Rainey et al., 2005), Sahara (de Groot et
al., 2005), Tataouine (Chanal et al., 2006), Kutch (Shukla et al., 2007), as well as cold
deserts of Antarctica (Hirsh et al., 2004) and constitute about 37 % of all the type
strains (Slade and Radman, 2011). '

Recently several deinococci have been reported from a radioactive spring samples
(Asker et al., 2008; Wang et al., 2010; Peng et al., 2009; Asker et al., 2011). Chhavra
(CH) lies in the south Indian state of Kérala, the coast of which contains the world’ sl
~ highest levels of natural radioactivity due to the local abundance of monazite, a
mineral containing 10 % thorium phosphate (bester et al., 2002). Detection of
deinococci in CH sample emphasizes the enrichment of the deinococei due to high
natural radioactivity. However deinococcal clones were not detected amongst 16S
tRNA gene library from uranium mining impacted soils in South Dakota, USA
(Rastogi. et al., 2010). Detection of deinococci from CRC sample, with chromijum
levels of 13.5 g kg™ as determined by atomic absorption spectroscopy, as well as from
petrol contaminated soil sample is interesting, since it is indicative of presence of
strains possessing metal resistance or hydrocarbon tolerance, which are of
significance in bioremediation of radioactive waste sites. .

Two clone libraries using Deinococcus specific 16S rRNA gene were constructed
from CRC and GRK samples. A total of 75 clones were obtained and Amplified
Ribosomal DNA Restriction Analysis (ARDRA) revealed the presence of a single
dominant clonal population in CRC sample, whereas GRK sample showed three
different phylotypes. The 'sequengeS'of four random clones, designated 6¢re, 19cre,
22¢re, and 25crc showed all of them to be affiliated to' D. radiopugnans (Fig. 2.7)
(Appendix II), suggestingthe abundance of this species. D. radiodurans has been
reported from vadose zone at the Hanford site having high Cr concentration as well as
high background radioactivity. The Cr concentration at the Hanford site ranged from
0.02- 829.76 ug g’ soil which is considerably lower than that found at CRC site
(Fredrickson et al., 2004). The presence of deinococcal strains from polluted soils
indicates. the robust physiology of this group of organism. '
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GRK represents a salt desert habitat. Shukla ét al., (2007) have earlier reported the
isolation of deinococcal strain from such habitat however no attempt to study the un
" cultivable deinoccocal diversity from such environments was made. This is the first
attempt to assay the deinococcal diversity from such environment. Three different
phylotypes were obtained from the clone library showing maximum homology to D.
hopeinsis, and D. murrayi (Appendix II). Clone library from Calamita, a black
ferromagnetic sand from a marine iron ore on Elba Island (ltaly) showed '
- predominance of the clones that had affiliation to radiation resistant bécteria Trupera
from the Deinococcus —Thermus decent and Rubrobacter. However no representation
of deinococci was reported (Perfumo et al., 2011). D. hopeinsis has been earlier
reported from Sonoran desert while there are no reports of isolation of D. murrayi, a

~ moderate thermopile, from such environments.

2.3.4 Deinococcus diversity analysis using PCR-DGGE
To ascertain the suitability of the deinococcal nested PCR protocol for studying

deinococcal diversity by a sensitive molecular fingerprinting technique, viz. PCR-
DGGE a three step PCR-DGGE was adopted wherein the nested PCR product was
used as the template for amplification using GC- P3447 and Eub 534 R (Fig. 2.1). The
protocol was adopted to enhance the representation of the Deinococcus specific
sequences in the 16S rRNA gene pool of the community.

Various deinococcal pﬁre cultures, when subjected to the three-step DGGE
protocol, showed single bands at different positions, indicating 16S rRNA gene
fragments showed sufficient sequence diversity to differentiate Deinococcus species.
Environmental samples when subjected to three step | deinococcal specific PCR-
DGGE, showed several bands of varying intensities, with majority of samples having
a single predominant band, suggesting dominance of a specific species as indicated by
the clone library for CRC sample. Taking into consideraﬁon all the samples, about ten
differently migr_ating major bands and several lighter bands could be discerned,
demonstrating the high resolution of the method. It is known that culturable members
of Deinococcus species isolated from similar environments are not necessarily
phylogenetically closely related (Fig. 2.7) and our results are in coherence with the
earlier observation. 7

Dar et al., (2005) have demonstrated that three step method increased the detection

sensitivity of the sulfate reducing bacteria, otherwise a poorly represented population.
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The novelty of our approach is that the hitherto unknown diversity of major and minor
representatives of deinococci was revealed as distinct ribotypes in the DGGE profile
(Fig. 2.8 and Fig. 2.9). Fig. 2.9 demonstrates the relationship between the several
sampling sites, the desiccated samples such as Ladhak and Little Rann of Kutch were
related while tﬁose of Lahaul and Bikaner were related. Shannon—Weaver diversity
index showed values ranging from 0.64 to 2.7 (Table 2.5), indicating variation in the
| species abundance. The higher indices of samples from salt desert of Gujarat (GRK
and LRK) are suggestive of high species richness. The identity of the DGGE bands
marked in Fig: 2.8, as revealed by their nucleotide sequences, is provided in Table
- 2.6. The sequence of the major band in CRC sample is in congruence with the
observation from CRC group specific clone library. 16S rRNA gene sequences similar
to D. radiopugnans were represented from diverse environments such as coastal
region of Chhavra and banks of Baes river. Several D. radiopugnans have been
demonstrated as a predominant member in river soil samples from-Nottingham, UK
(Masters et al., 1991). Ladakh is a region belonging to the northern Greater Himalay:as
characterized by extreme environments and low precipitation. 16S rRNA based
studies embarked to elucidate the diversity of regions of Himalaya do not show
representation of deinococci (Pradhan et al., 2010). Our protocol was able to detect
deinococei from this sample and sequences showing maximum similarity to D..
- deserti, a strain earlier isolated from Sahara desert (de Groot et al., 2005). Sequences
from CS (8B3) and PP (9B1) showed maximum identity to D. proteolyticus, and D.
radiodurans, respectively. The 16S rRNA gene library from cyanobacterial mats at
the petroleum contaminated at the Arabian Gulf coast was shown to have clones of
deionococcal affiliation (Abed et al., 2006). D. murrayi, represented diversity of
GRK. Nevertheless none of these isolates, showing best match with the DGGE bands,
have been described from any other region expect from' their initial source of

isolation.
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Fig. 2.7: Neighbor-joining tree based on 16S rRNA gene sequences showing
the phylogenetic affiliation with type strains of Deinococcus species as listed in
RDP. Trupera radiovitrix is used as outgroup; The cloned sequences from the CRC,
GRK sample and the isolates from Grk2 are underlined. Bootstrap values based on
100 replicates are shown near the branch points. The bar indicates the Jukes—Cantor
distance of 0.02. Information regarding the environmental niche from where the

strains were isolated has been added against the strain name and highlighted isolates
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are the strains that were isolated from samples that had no exposure to radiation

treatment prior to isolation.

Table 2.5: Diversity indices for deinococcal community from different soil
samples - .

Sample ~ LRK GRK

e

Eveness(E) 0.895 0970 0976 0920 0935 0866 0936 098 0957 0871

Fig. 2.8: PCR-DGGE analysis of deinococcal diversity from environmental
samples. R1, DI, X2, G8 are control samples using pure cultures of D. radiodurans
R1, D. indicus, Deinococcus sp. X2 and Deinococcus sp. G8. Lanes with
environmental samples are named according to the soil sample designations are as

given in Table 2.6.

50



Chapter 2: 'Development of a Deinococcus specific fiemi-netsed PC'jymethodfor the environmental detection andstudy

Fig. 2.9: Dendrogram for the DGGE profile from soil bacterial communities.
UPGMA dendrogram was constructed using Dice’s similarity index. The scale

indicates similarity amongst the soil samples.

Table 2.6: Sequence similarity of representative bands excised from the
DGGE gel shown in Fig. 2.8 (Appendix I).

Genbank Best Match o
Sample DGGE band ) t/c similarity
accession No. (Genbank accession No.)
D.murrayi DSM11303
GRK 2B1 FJ548964 96
(NR026416)
D.deserti VCD 115
LD 4B1 FJ548965 98
(NR043243.1)
BR D.radiopugnans ATCC19172
6B1 FJ548966 97

(NR026403.1)
D. radiopugnans ATCC19172

CH 7B1 FJ548967 97
(NR026403.1)
CS D.proteolyticus MRP
8B3 FJ548968 95
(NR026400.1)
PP D.radiodurans DSM20539
9B2 FJ548969 95
(NR026401.1)
D. radiopugnans ATCC 19172
CRC 10B1 FJ548970 97
(NR026403.1)
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2.3.5 Culturable diversity of the radiation resistant bacteria
In an effort to isolate ionising radiation bacteria from the soils described in the

study, the samples from different habitats were subjected to y radiation and the
surviving organisms were plated. Deinococcus sp. are known tb tolerant to both
ionizing as well as non-ionizing radiation, therefore, UV radiation resistance of the
isolates was studied (Table 2.7). Of the 25 isolates bBtained from 5 samples, isolates
Grk4, Grk5, Lrk4, Crc4, PP2, PP3 could tolerate up td 1000J/m? while Grk2, Crel,
PPI1 showed an appreciable resistance of up to 800 J/m? (Table 2.7). The hemi-nested
approach was employed to ascertain whether the isolates belonged to the genus
Deinococcus. Interestingly, only four of the UV resistant isolates i.e. three isolates of
GRK sample, Grk2, Grk4 and GrkS, while one isolate of LRK sample, isolate Lrk4
could be assignédio the -Deinococcus as they gave positive amplification in hemi-
nested PCR approach. The other isolates may not be deinocoeci but may belong to
other eubacteria genera that have have been reported to be_raidiation resistant such as
the Rubrobacter, Kinecococcus, or members of genus Methylobacieria, Lactobacillus
(Cox and Battista, 2005). Alternatively they may belong to the deinococcal clade
which is not recognized by the specific primer Deino202f (Fig. 2.7). The UV
resistance of the GRK isolates (Fig. 2.10) is comparable to the type strain DR1. Grk4,
GrkS3 are more resistant to UV while Grk2 is sensitive to radiation. Partial sequence of
Grk2, Grk4, Grk5s conﬁnﬁed them to be D. proteolyticus and D. ficus respectively
Table 2.8 and Fig. 2.7.

Table 2.7: Characterization of gamma radiation enriched colonies for UV
resnstance and PCR w1th Demococcus speclﬁc heml-nested protocol

Demococcus specific
hemi-nested PCR

Sample Isolate UV resistance

Little Ran of Kutch . Likl - I -
(LRK) :
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Lrk3
Lrk4 -H- +

Crcl +

Chromium Cre2
Contaminated Soil Cre3
(CRC)
Crc4 ++

Crc5

PP1 +
Petrol Pump soil PP2 *
(PP) PP3 ++
PP4
PP5 i
BK1 +
BK2
BK3
BK4

BK5 i
+ Tolerates up to 800J/m2; ++ Tolerates up to 1000J/m2

Bikaner
Soil (BK.)

E.coli; (19.19); G*K4; (510)

o}
CSO

9% survival

@ foo finc)

=V i

Fig. 2.10: UV tolerance of the radiation-resistant bacterial isolates.

Values in parentheses against the strain names are Dio values, i.e. the UV dose
required for 90 % killing, in J/m2
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Table 2.8: 16S rRNA gene sequence match of the radiation resistant isolates
(Appendix 111)

Best Match
Genbank o
Isolate (Genbank Accession % similarity
Accession No.
Number)
Grk2 HQ738629 D. proteolyticus MRP o8
(NR 026400.1)
D.ficus CC-FR2-10
Grk4 HQ876598 98
(NR 043282.1)
Grk5 D.ficus CC-FR2-10
HQ738630 93 .

(NR 043282.1)

The biochemical test that characterize genus Deinococcus show that all the three
isolates could grow on | % NaCl, were catalase positive and could reduce nitrate.
Grk2 and Grk5 could hydrolyse esculin while Grk2 like the standard strain DR1 could
not hydrolyse esculin (Table 2.9).

Table 2.9 Morphological and biochemical characteristics of the radiation
resistant bacterial isolates.

Characterstics drt Grk2 Grk4 Grkb
Gram positive, Gram positive, Gram positive, Gram positive,
Coccil Coccit Coccif Coccit
Arrangement * % "\
of cells M . fi =T
%
loop* N\ [Mtpm
Motility
Growth with + et et et
1% NacCl
NO3' + + + +
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reduction

L

® ONPG ortho-nitrophenyl-B-D-galactoside

T Gram- stained cells and bar each of the micrograph denotes 100 pum.

The isolates Grk2, Grk4, GrkS were compared for carbohydrate utilisation (Table
2.10) and antibiotic resistance (Table 2.11).

Table 2.10: Carbohydrate utilisation of the radiation resistant bacterial
isolates

~ Carbohydrate
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Dulcitol - - - -

Cellobiose - ‘ T A——

a-methyl-D-

mannoside

Grk2 and Grk5 showed similar carbohydrate u‘uhzanon All the lsolates could
utxhze fructose as the standard strain DR1. The isolates have broader carbohydrate

utilization spectrum as opposed to the standard strain DR1 indicating biochemical
versatilty.

The strain Grk4 was sensitive to all the antibiotics tested while Grk5 and Grk2
were resistant to colistin. Grk2 also showed resistance to oflaxcin. From the
comparison of the biochemical, carbohydrate utilization and antibiotic resistance the

isolates Grk2 and Grk5 were demonstrated to be similar,
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Table 2.11: Antibiotic susceptibility of the radiation resistant bacterial isolates

Antibiotic Grk2 Grk4 Grks

Carbenicillin (Cb) 100 pg

S S »

Ceftriaxoﬁe (Ci)30pg - S(-) S(-) S(-)

The isolates Grk2 and Grk4 could grow over a broader range of pH, ranging from
pH 5-9, while Grk5 grew well between the pH 5-7 (data not shown). The temperature-
optima of all the isolates were in the range of 30-40 °C (Fig. 2.11).

57



Chapter 2: ‘Devehopment ofa (Deinococcus specific hemi-netsedDC”methodfor the environmentaldetection andstudy
ofcuhture independent diversity of(Deinococcus sp.

Temperature(°C)

Fig. 2.11: Growth of radiation resistant bacterial isolates at different
temperatures.

2.4 Conclusion

Majority of studies characterizing deinococci from environments involve
enrichment of samples by a high dose of radiation, a step which obliterates
information about species abundance and diversity and gives no clue about the
uncultivable deinoccocci in the environment. This work presents for the first time a
comprehensive study of the diversity of deinococci by using culture independent
approach by a newly developed hemi-nested 16S rRNA gene based PCR protocol.
The application of this protocol was demonstrated (i) for ascertaining presence of
deinococci from several diverse environmental samples, as they are rare members of
natural communities; (ii) for confirmation of radiation resistant isolates as deinococci
by a simple PCR tool; (iii) for studying deinococcal diversity by using multiple
approaches such as clone library construction and fingerprinting technique such as
DGGE; and (iv) for obtaining valuable information about species richness and
abundance, since enrichment and isolation of bacteria by radiation treatment is not
necessary for detection and quantification of deinococci by this method. The protocol
developed has the advantage that it is sensitive enough to detect deinococci directly
from community DNA samples without exposing the native population to the strong
selective pressure imposed by radiation. In an interesting approach adopted by Suen et
al., (2007) of using genome sequences to define ecological niche, the authors have
placed Deinococcus species in the same niche along with several phylogenetically

unrelated members, many of which show radiation resistance and xeric tolerance. The

58



Chapter 2: Development of a Deinococcus specific fiemi-netsed PCR method for the environmental detection and study
of culture independent diversity of Deinococcus sp.

protocol developed in the current study will help experimentally confirm the
predictions of these authors, since many environments can be easily sampled. It
should also be possible to use the hemi-nested PCR approach for in sifu hybridization

and for quantitative PCR.
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