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ABSTRACT

A thermo tolerant bacterial strain was isolated frohot spring of Sohna, Haryana, India, classifiatlanamed as
B.subtilisD18 after morphological and 16S rRNA gseguence analysis. This isolate was used to anyidfEL gene,
which encodes molecular chaperon GroEL. The fuljth gene was 1.6 kb in length encoding a polydepif 108amino
acid residues. The calculated molecular weight phdf the protein were nearly 60 kDa and 4.75, extjvely. The amino
acid sequence of the gene was similar to other grpioteins and the homologous groEL of differentroirganisms.

The groEL gene of B. subtilis was successfully esqad in Escherichia coliBL21 (DE3) strain usingTp&pression
systems and purified by polyhistidine tag usingNWA (nitrilotriacetic acid) resin column. Heterologs expression of
groEL of B.subtilis in E. coli BL21(DES3) allows tlgeowth of E.coliup to 42°C for 16 h, suggestingttigroEL from

B.subtilis imparts tolerance to host cells undevelted temperatures.
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INTRODUCTION

The major problem to any cell by heat shock is ithenediate formation of denatured and misfolded ginst, often
referred as nonnative polypeptides, which tendgoregate $chumann 2003)Eukaryotic cells when exposed to stress
conditions responds by synthesize specific set 8P Shermaet al 1992).Study conducted by Du Tran et al (2015)
suggested that chaperones may have protectiveirratells facing environmental stress. Molecular pgranes protect
newly synthesized or stress-denatured polypeptidas misfolding and aggregation in the highly crasdcellular
environment $usinet al 2006). The major molecular chaperones itebicinclude DnaK machine and the GroE machine
(GroEL and GroES) as described in Darolis et al (201)1 Out of many proteins which were up-regulate@ &C it was
found that an important role is played by molecalaaperone groEL in assisting the protein foldind anfolding under
both normal and stress conditiorisufist et al 1997)The well-studied Escherichia coli chaperonin Grdinds non-
native substrates and encapsulates them in thg/cthereby sequestering the substrates from undd® conditions and
allowing the substrates to fol&ymar et al 2015)The heat shock response is an important adaptatibancing survival

of organisms at high temperature in which a battérgenes is activated by heat. Hot springs arengtteral habitat for a
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wide range of thermophilic and hyperthermophilicrabrganisms which have optimal growth temperatofes55°C and
> 80 °C, respectively. A bacterial strain of Bagslisubtilis D18 was isolated and purified from ecled water samples of
a hot spring. B. subtilis is an aerobic, endosgorming, rod-shaped bacterium commonly found in,seater and in
association with plants. B.subtilis and his asdesiare an essential source of industrial enzymdsttaeir capacity to

secrete such enzymes is the cause of much comiieteigst in those bacteria.

MATERIAL AND METHODS

Bacterial Strain and Cloning of Gene

The Bacillus subtilisD18 thermo tolerant has bessraited from the water of the Sohna hot sulphuemathich is situated
inside the Shiva temple in the Haryana State ofaln@ene groEL was amplified and cloned in pDrivie viector yielding
pDEL (pDrive-groEL). After digestion of pDEL with@nHI and Sall, excised groEL gene fragment waseddnto the
corresponding sites of pET-28a, yielding the recioit expression vector pTEL (pET28a-groEL). TherChli BL21
(DE3) cells were transformed with recombinant plialspTEL.

Spot Test for Stress Tolerance

Chaperones can function in increasing the yieldafectly folded, soluble, active proteins bothvitro and in vivo
resulting in involvement in stress toleranéenfein et al 1995). To analyse this statement spot assaye carried out in
luria agar using rectangular petri plates agaiwst different stress (300 mM NaCl and 300 mM Marlpitéadav et al
(2012). Transformed BL21 (DE3) cells (both pTEL: BLand pET28a:BL21) were allowed to grow in Luriath until
ODggo reaches 0.6. For induction, 1 mM IPTG was adde@l@dOD cells and were allowed to grow for 12 IBAIC with
constant shaking (180 rpm) in an incubator shakekt day, cultures were diluted up to three dilnsid 0%, 10° and 1
cells (/orderwilbeckeet al 2004). 5 pl from each dilution was spottadptain LB agar plates as well as LB agar plates,
supplemented with 300 mM NaCl and 300 mM Mannishtes were incubated at 37°C for 12 hr.

Temperature Stress Tolerance Test

To determine the role of groEL in heat stress, lagospot assay was performed at two different teatpee stresses.
Plates were prepared exactly same as above. Afftgiods 10%, 10° and 1¢° spots were placed on LB agar plates,
allowed to dry in laminar flow for 20 minutes angbfected to stress at two different temperaturé€3¥d 42°C for 16

hours. All the plates were kept inside a humid dhanto prevent the rapid drying of the mediuhggarwal et al 2012).
Assay for Temperature Tolerance in Liquid Culture

Functional analysis of the gene pET28a: groEL i2BI(DE3) and pET28a in BL21 was also tested innplas liquid
culture as well as LB supplemented with sodium ktoand mannitol, separately. coli BL21 (DE3) cells transformed
with recombinant plasmid and vector alone were graw same as for spot assay, diluted to 0.6,62d 400 pl culture
was inoculated in 10 ml LB medium containing 300 meCI and 300 mM mannitol, and incubated at 37Y@davet al

2012). ORQy was measured by harvesting the cells at evertilR12 h.
Protein Expression and Purification of the GroEL

Recombinant E.coli cells (BL21-DE3: pTEL) were intated in 10 ml LB having antibiotic (Kanamycin 4rhml) and
incubated overnight at 37°C with constant shaking8)rpm in an incubator shaker. Cells from ovdmhigoculum were

inoculated in fresh 10 ml LB and incubated at 3@l ODgo, reaches 0.6, calculated by observing the colleftsedions
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in spectrophotometeAfMmrein et al 1995). The recombinant protein was exprebgeatdding 1 mM IPTG (Isopropf-D-
thiogalactoside) at 0.6 QR and fractions were collected after time internvaflsl hr, 2 hr and 3 hr from induction and
were kept on ice. PET28a in BL21 (DE3) was alsaugedl with 1mM IPTG and fractions were collectedlIwere
harvested at 4°C in a refrigerated centrifuge (apgp#) and the pellets were dissolved in chillesidybuffer (50mM tris-cl
and 5mM DTT, pH 7.5) for sonication. Cell wet wetigh buffer volume of 1:5 was used to dissolve pedlet. All
sonication steps were performed in ice by givings&@ pulse followed by 30 sec cooling to the dissblpellet. To
quantify GroEL levels at different time intervathe same amounts of total lysate (1-20 ug / lanefevsubjected to
sodium dodecyl sulfate- polyacrylamide gel (14 %obeing and 4 % stacking gel) electrophoresis (F2&E). GroEL
expression levels at different time periods weredally quantified from the (CBB-250) Coomassie Itanilt blue-stained
SDS gel. Induced GroEL protein was purified usingNWA column by binding the protein to the columiithvbinding
buffer and washing unwanted proteins with differelation buffers (Sodium phosphate buffer, NaCl anitlazole).

RESULTS AND DISCUSSIONS

Amplification of GroEL

Molecular chaperone groEL was amplified from thengyaic DNA of B.subtilisD18.Thermoprime plus taq DNA
polymerase was used for the amplification which Bas 3' polymerization and exonuclease activit§Oul reaction
volume was used to elute the gene fragment havidg dverhang and cloned in pDrive TA cloning vectQuigen) by
transforming E.coli DHa competent cells (pDEL). Randomly six clones weakgd and confirmed for the presence of
desired gene fragment by restriction digestion i#mHI and Sall. Two fragments were released frasitive clones
after restriction digestion, one of gene 1635 bp another of vector 3.8 kb (3851bp). Nucleotideuseging was
outsourced with gene specific primers both fronaBd 3’ ends for a single plasmid. Interpretatiors@fjuencing results
after ncbi BLAST analysis shows 99 % homology witbEL gene of Bacillus subtilis ( GenBank CP02946Bacillus
subtilis gene, E Value=0.0 with 100 % query coveramd 97 % identity) where ‘E’ value describes thadom

background noise and decreases exponentially dsthelogy match increases.
Cloning in Expression Vector

From pDEL (pDrive: GroEL) construct, gene fragmerats excised again by digestion with BamHI and &sadtriction

enzymes and legated again with pET28a expressictov@already digested with same enzymes). Elexbrapetent cells
of E. coli BL21 (DE3) cells were prepared and tfansed with recombinant plasmid pTEL (pET28a-grolnd intact
pET28a vector alone for comparative analysis ofresgion. Random six clones which were positiver déemamycin

(40mg / ml) selection was confirmed for the preseotDesired insert by restriction digestion witarBH1 and Sall after
plasmid isolation. After overnight digestion reacti mixtures were subjected to electrophoresis,clvhinveils the
presence of insert 1635bp along with pET28a k@hdkb (Guglielmi et al 1991).

Spot Test Analysis

Recombinant and control cells were both found orabBr as well as on an enriched medium of 300 miifdad 300 mM
mannitol. After 12 hours of incubation, it turnstdbat recombinant cells work better than contmlsc(Figure 1). In all
dilutions in recombinant cells, colonies were digantly higher than vector control. It demonstsathat cells with a

recombinant gene do better even under stress o sliit dilution 10.
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Figure 1. Comparison of pET28a and pET28 + groEL at
Different Salt Stress.

Temperature Stress

After the cells are subjected to temperature sfrea recombinant gene groEL at°4@ for 12 hours, cell growth is betl
demonstrated than vector control cells at the ®voperatures. In terms of control cells, combindts aork at all 37°C
and 42°C temperaturesd at all three dilutions (Figu2). The figure shows that the effect of dilutior® at 42°C is more

efficient when the temperatuirgcrease:

37°C

Figure 2: Growth Comparison of pET28a and
pET28a+groEL at Different Temperatures

Liquid Culture Test Analysis

Analysis of growth pattern by measuring OD showsaat equal number of cells in all three cultureSTp8a:BL21,
pTEL: BL21 in NaCl and pTEL in Mannitol after 2 hrs ofcubation at 37°CHowever, as the period increases pT
BL21 gowth rate decreases with NaCl, it demonstratelscoeints inhibition after 4 hr of incubation, and@igL: BL21
displays higher cell counts than the vector alanenannitol. Recombinant cells tend to increase eftar 10 hours il

terms of vector regulation. (Figure 3)
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Figure 3: A. Growth Curve of pET28a With and Without Salt Stres:.
B. Growth Curve of Recombinant Clone After Induction.
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Protein Expression Analysis of GoEL

The expression vector pET28a was transformed tdi Bt®1 (DE3) in the LB mediut, and induced by IPTG at 0.6
OD600 to investigate thexpression of groEL iheterogonou$ost. Upon 2 hours of treatm, the recombinant protein
has been induced. Both unindictedd induced fractions of protein (2h, 4h and 6hjehlbeen obtained af sonication,
and subjected to SDBAGE along with an t induced and inducted vector wihmulticolored protein marker (-260
kDa, wide spectrum)aroEL ORF consists of 1635 nucleotides and encagestein with an average molecular weigh
60 kDa of 544 amino acid$\(. Li et al 2008) Figure 7). After distaininghe gel, presence of 60 kDa band in all t
induced fractions of pTEL: BL21 (DE3) confirms thabtein was expressed successfully after IPTGatidn, wherea
the band was absent in both induced ar induced pET28a:BL21DES3. This data further coned that no protein was

formed in pET28a:BL21DE3, at the same time degpetk groEL was inserted and expressed properhhimgbcells
His Tag Purification of Protein

For the purification of desired protein having Higg, 1ml His SpinTrap™ columns w: used. Standard mic-centrifuge
was usedor elution of protein from His SpinTrap. Column®mg placed in a 2 nmicro centrifug tube to collect the
liquid during centrifugation. 600ul clear lysate svadded to the column directly to allow binding ®imins. After
binding, column was washed and eluted with 200utiat buffer in a clear tube. First elute contathe majority ol

protein. Obtained protein is free from other unwanproteins and was of desired size 60kDaure 4)

— v a

50 kKDa—

Figure 4: Purified Protein Lane M: Multicolor
Protein Marker, Lanel: Purified 60kDa Protein.
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In-Silico Analysis of Peptide

Tools for in silico analysis of protein are of magignificance for making use of data for developt& drug and health
care. Proteins are complex macromolecules, whiake major role in performing cellular activity. Thuanalysis and

knowledge of protein is important for determinitg fprotein function and to understand their role mx@chanism.
Peptide Prediction
Expasy translate tool is used to translate 163%eiwacid sequence to their corresponding 544 gestequences.

MAKEIKFSEEARRANLRGVDALADAVKVTLGPKGRNVVLEKKFGSPLITNDGVTIAKEIELEDAFENNGAKLVAEVASKT
i W Tl sl al s el 'zl &l

NDVAGDGTTTATVLAQANIREGLKNVTAGANPVGVRKEMEQAVNVAIENLKEISKPIEGKESTAQUAATSAADEEVGSLI
I T 100 Tl 1] 130 T 1a0] TS0 R

AEAMERVGNDGVITIEESKGFTTELEVVEGNQFDRGYASPYNVTDSDKMEAVLONPYILITDKKITNIQEILPVLEQVVQ
Tl T80l T s0] T 200 Tl Tzl Tl T2l

QGKPLLLIAEDVEGEALATLVVNKLRGTFNAMAVKAPGFGDRRKAMLEDIAVLTGGKVITEDLGLDLKSTEIGQLGRASK
T 250 T 260] Tzl T 280l %00 T 3000 T30 Tl

VVVTKETTPIVEGAGETDKISARVTQIRAQVEETTSEFDREKLQERLAKLAGGVAVIKVGAATETELKERKLRIEDALNS
™ 330] T340 ] T30 370 ] BT T 400

TRAAVEEGIVSGGGTALVNVYNKVAAVEAEGDAQTGINIVLRALEEPIRQIAHNAGLEGSVIVERLKNEEIGVGFNAATG

0] T | 230 ™ aa0] ™ 450 ™ ag0] 4700 T g0
EWVNMIEKGIVDPTKVTRSALQNAASVAAMLLTTEAVVADKPEENAGGAGHPDMGGMGGMGGMM
T a90] T 500 sl s s T s40] |544
Figure 5

Prediction of ORF

Open reading frame was predicted based on theadildy of the template sequence. Free read fraf@d-s) are read
frame elements that do not include stop codonseading frame can be the nuclear triplets that @amelad as codons
specified in amino acids. There are 3 possibleingaftames on one strand of a deoxyribonucleic aeiduence. In the
deoxyribo-nucleic acid chain, long ORFs may suggeshinee macromolecular coding regions. The cameligeotein
coding regions in a DNA sequence may be indicatetbbg ORFs. The open reading frame is the portiba reading
frame that can be translated. The search paranfetaise ORF finder were: minimum length of ORF veaected as 150,
genetic code selected was archaeal and bacteiid@, was used as start codon. Based on these paran@RE Finder

predicts that the amplified sequence comprisedl ®fIF forming a 544 residue peptide.
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Figure 7: Amino Acid Sequence and ORF of GroEL.
Validation of Predicted Model by Ramachandran Plot

PROCHECK is a tool to substantiate the spatialngeanent (stereochemistry) of protein structure® plot generated by
this program is Ramachandran plot, which is a pfophi-psi torsional angles where darkest regiothes most favored
region consisting of most of the residues. Plotyais shows that 70 % of all residues of groEL iar¢he most favored
regions (AB L). 9.4 % of residues are in the mdkiveed regions and 0.6 % of residues are founch& generously
allowed region and 0.0 in the disallowed regione fitot was generated using RAMPAGE program. Nunabeyiycine

residues are 26 and proline are 15. Total numbebsérved residues is 205.
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Figure 8: General Amino Acid Representation of
Ramachandran Plot for the Modeling of GroEL.

CONCLUSIONS

Chaperonins are large oligomeric double ring assiemithat carry out an essential function in th#, @ssisting many
newly translated proteins to fold to their natiweris. Over the last decade, it has been well eskedal that GroEL /
GroES are involved in driving protein folding undesnditions, where spontaneous folding simply doesoccur. In
another study, comparison between DnaK and GroB®EL shows that DnaK is not required for growthBzcillus

subtilis at temperatures ranging from 16°C to 52f¢@ereas GroEL is essential both at normal tempe¥atand during
heat stress GroEL ensures the correct folding ategprs in an ATP-regulated manner under normal graenditions and
under conditions of stress. This study also coreduthat groEL is an essential and decisive fact@namicro-organisms
are facing heat stresses in extreme environmermtsording to performed experiments, ambient tempegafor E.coli is

37°C, but when it is transformed with groEL, it fems better at 42°C and for more duration undegsst conditions.

Which concludes that, it must be a gene respongiblédnermo tolerance under stress conditions?
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