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1. Study sites and sample collection

Table 1 Geographic details and physico-chemical characteristics of collection sites

S. no. Sampling location No. of samples Altutude (meter) Latitude: longitude Temperature (°C) pH
1 Manikaran hot springs 6 1760 32°02'00"N: 77°20/48"E 89-95 °C 7.8-8.2
2 Yumthang hot springs 6 3564 27°49'36"N: 88°41'45"E 43-63 °C 6.5-6.8
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2. Isolation and enumeration of thermophilic bacteria

B

water samples : Kf |OmLAEMKFE i B R 2]50mLE 57 Rz H
sediment samples 25 g Ve 5 10mLIE B 7K IR & - Eef 2] 50mLE 7= Rz H

d
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TM (thermus medium) 1L
Yeast extract 4¢
polypeptone peptone 8¢
NaCl 2g

YET (yeast extract tryptone)lL
Casein enzymic hydrolysate 6 g

yeast extract powder 3g

TTM (Thermus thermophilus medium ) 1L

Yeast extract 4¢
proteose peptone 8 g
NaCl 2g
nutrient agar 1L
Peptone S5g
NaCl S5¢g
beef extract 15¢g
yeast extract 1.5g




% TEA (thermus enhanced agar) 1L R,A 1L

Yeast extract 25¢ Casein enzymic hydrolysate 0.25¢g
tryptone 25¢g peptone 0.25¢g
nitrilotriacetic acid 100 mg casein acid hydrolysate 0.5¢
CaS04-2H20 40 mg yeast extract 0.5g
MgCl12-6H20 200 mg glucose 0.5¢
Fe-citrate (0.01 M) 0.5 mL starch soluble 0.5¢g
trace element solution 0.5 mL K,HPO, 0.03 ¢
v MgS04-7H20 0.5¢g

Nitrilotriacetic acid 12.8 g FeCl,-4H,0 1.0 g; sodium pyruvate 0.03 g

MnCl,-4H,0 05¢g Co(Cl,-6H,0 0.3g;

CuCl,-2H,0 50 mg Na,Mo0O,-2H,0 50 mg;

H3BO3 20 mg NiCl,6H,0 20 mg

phosphate buffer 0.5 mL

(KH,PO, 5.44 g; Na,HPO,-12H,0, 43 g/L)
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2. Isolation and enumeration of thermophilic bacteria

E | water samples : 1 10mL7KFE fh ELEEEE RN 250mLE 7= A7 H
sediment samples 25 g Ve 5 10mLIE B 7K IR & - Eef 2] 50mLE 7= Rz H
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3. Culture conditions and growth pattern of bacterial 1solates

Bt 5T i S AN pHRS BT A AR 7 = 0 A 52

{E40°C FWEE 24/N0F, 4 3004l B 15 77 % A B B TMERS 37
FHALR R, B A AR o i 22 48 I &= 600nmAL F RO
JEAE (n=3) , fFRVERKML, FHAEF 5 I E &A@ FICFU.
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4. Screening for thermostable enzymes producing bacterial strains

LR REE 1L
Yeast extract lg
KH,PO4 lg
MgS0O4-7H,O 0.1¢g
CaCl,-H,O 0.05¢

starch 2.5g/L

xylan 10 g/L

carboxy methyl cellulose (CMC) 5 g/L

NaCl S5¢
Na,CO; 10 g , _

skimmed milk (10% w/v)
agar 15¢g

S Al AL 40 T TR AR AE & S0mLE R A I 1S0mLEBE R 3578, SR )E

R SULES IRV s 5 Fh T AR R PR3 B, JFTE45,55F165°CHE B 3-5K .
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4. Screening for thermostable enzymes producing bacterial strains
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4. Screening for thermostable enzymes producing bacterial strains

T T B R AR A 25 100mL Al FR AL I 250mLGe i, FFAE RS B KA
KR EFpH NI E3-5K. K5 PHEE Codl sy EARRE (45,55,65,75
F85°C) T (pH7.0) WiWFE304-%h, FFEHS B IEE TN =ENE.

: Etp — E
SE = 100 — Ra: where Ra(%) = TPE TP % 100
.TP
R, represents the percentage of reduced enzyme activity
Ep 1s the total enzyme activity at its optimum temperature and pH

E4rp 1S €enzyme activity after temperature treatment at its respective optimum pH

Data was subjected to analysis of variance (ANOVA) using
software SPSS ver. 10.
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5. PCR amplification of 16S rRNA gene and phylogenetic analysis

PCRY™ 1418 FH 5147

pA (5-AGAGTTTGATCCTGGCTCAG-3")
pH (5'-AAGGAGGTGATCCAGCCGCA-3")

TEMEGA 4.0 287 FHA 215k (NID) M2 RS K G W

§ FHBLASTnAE 57 B Xt AR AL 1
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Table 2 Thermotolerance of bactenal isolates obtained from Manikaran and Yumthang hot springs

(CFU x 107)
S0 G 60 °C 70 °C 80 °C 90 °C
Manikaran hot spring
Bacillus arsenicus NBM47 146.15 £+ 01.03 141.86 4+ 01.0 126.64 £+ 0.89 122.34 £+ 0.86 57.20 + 0.40
Bacillus mycoides NBM19 50.25 + 0.36 44 97 £+ (.32 43.65 + 0.31 2744 4+ 0.19 2149 4+ 0.15
Bacillus pumilus NBM31 5092 + 0.36* 48.61 + 0.34 4695 + 0.33 45.30 + 0.32 29.76 + 0.21
Bacillus subrilis NBM48 93.57 £+ 0.66 93.25 4+ 0.66 84.98 £+ 0.60 83.65 £ 0.59 30.75 + 0.22
Bacillus thermoamylovorans NBM38 54.56 + (.38 50.59 £+ (.36 45.63 + 0.32 43.65 £+ (.31 40.67 £+ 0.29
Geobacillus sp. NBM49 14086 + 01.0 137.89 4+ 0.97 12896 + 0.91 82.34 £+ 0.58 19.84 + (.14
Paenibacillus glycanilvticus NBM30 13392 4+ 0.94 132.59 £+ (.94 126.64 + (.89 125.32 4+ (.88 8299 £ (.59
Paenibacillus thiaminolyvticus NBM7T1 45.630 £+ 0.32 43.31 4+ 0.31 41.33 + 0.29 2546 4+ (.18 2248 4+ 0.16
Planococcus sp. NBM37 148 80 £+ 1.05 113.09 £+ 0.80 110.11 £ 0.78 98.21 + 0.69 42.66 + 0.30
Thermonema lapsum NBM28 191.78 &+ 1.35 184.51 & 1.30 166.98 + 1.18 163.68 + 1.15 09424 + (.66
Yumthang hot spring
Bacillus pumilus NBY4 3.78 £ 02.21 3.79 4+ 02.21 4.55 4+ 02.65 438 4+ 02.56 1.06 + 0.62
Bacillus sp. NBY 16 4.23 + 0247 4.10 4+ 02.39 4.10 + 02.39 2.17 + 01.27 2.08 + 01.21
Paenibacillus sp NBY33 4.32 4+ 0252 4.67 4+ 02.73 4.67 + 02.73 4.77 4+ 02.79 0.68 £+ 0.40
Thermobacillus sp. NBY 36 8.61 + 05.03 8.39 + 0490 8.55 + (4.99 5.44 4+ 03.18 2.56 4+ 01.50

\

* Data expressed as mean of average of three replicates given, along with standard deviation
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Table 3 Growth characteristics and enzyme production by isolates obtained from Manikaran and Yumthang hot spring of Indian Himalayas 'E
Nearest phylogenetic relative and strain pH Stability of enzyme activity (SE) E
Protease Amylase Cellulase Xylanase :
45 °C 55°C 65 °C 45 °C 559G 65 °C 45 °C 55 °C 65 °C 45 °C 55 °C 65 °C lg
Bacillus amyloliguefaciens, NBMS82 4-8 ++ ++ ++ + + ;
Baciflus cibi, NBM33 3-8 ++ oo g
Bacillus licheniformis, NBM60 3-8 + + + + +4+ -+
Bacillus megaterium, NBM1 3-8 ++ ol +4+ H 3 8 1 1
Bacillus mycoides, NBM19 4-8 ++ ++ ++ + + +4+ ++++ ++++ +++ p B
Bacillus nealsonii, NBM23 4-8 + + + e A1 i fic
Bacillus punilus, NBM31 3-8 ++ +ot Aot ++ + ++ R e B 4+ An ae +
Baciflus sp.. NBM43 4-8 ++ ++ ++ + oo + + + + pH 4- 8 23
Bacillus subitlis, NBM45 4-8 ++++ 4+ +++ ++ 4 il
Bacilfus subrilis, NBM438 3-8 += = A+ + +4+ +++ SRR NRERNAE - SRR
Bacillus the moamylovorans, NBM38 4-8 +++ +++ +++ + + H 4_9 3
Bacillus thuringiensis, NBM12 3-8 + S i Ao p
Brevibacillus choshinensis, NBM66 3-8 +-+ + +4- o
Brevibacillus reuszeri, NBMBE3 4-5 + 4 -
Brevundimonas bullara, NBM35 4-8 ++ ++ ++ + ++ =k pH 5 = 8 1 1
Geobacillus sp., NBM49 4-8 +-- +=+ ++ +++ +4 A+ ++ + + il
Paenibactlluy dendritiformis, NBM41 3-8 + A4+ 4+ TR A A
Paenibacillus ehimensis, NBM24 5-8 e dbek bt H 5 _9 3
Paenibacillus glyveantlviicus, NBM30 4-5 R ++ o] S el p
Paenibacillus glycanilyticus, NBM75 3-8 e + 44 +4 e b4 Ao 4+ +4
Paenibactlluy jomilae, NBM25 4-8 +++ ++ +-+ —+ o)
Paenibacillus popillice, NBM68 4-§ + +++ +++ 45_65 C pH 3 -9
Paenibaciflus thiaminalyricus, NBM40 4-8 + T e + +4 ++ 4
Paenibacillus thiaminolvticus, NBM7T1 3-8 + + + - ++ + 4 A8 of BN NHEE R IS D
Planococcus sp., NBM37 3-8 -+ i NRNRER SRR SRR
Rhodobacter capsulatus, NBM2 4-5 -+ -+ +
Thermobacillus sp., NBM6 5-8 e ++ ++
Thermanema lapsun, NBM28 4-5 + + =+ ++ + 2
Anoxybacillus sp., NBY46 5-9 +1 +=t A= [?
Bacillus amyloliguefaciens, NBY37 58 + + + ++ ++ ++ + + 5B E
Bacillus cereus, NBY23 -9 == =1 ++ +4++ +++ +++ .
Baciflus cireulans, NBYS8 4-9 e S + .
Baciflus licheniformis, NBY3S 5-8 + + + A+ NS ++ c

\
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Fig. 1 a Diversity and distribution of 51 bacterial isolates for four different hydrolytic enzymes production at high temperature; b the Venn
diagram illustrates the number of extracellular hydrolytic enzymes producing bacteria
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database. The phylogenetic trees were constructed to
determine the affiliations for 28 and 23 bacteria isolated
from thermal springs of Indian Himalayas (Fig. 2a, b).
Analysis of the 165 rRNA sequences from Manikaran hot
spring revealed that 25 strains belonged to Firmicutes

(86%) to Proteobacteria (10%) and 1 strain to
Baeferoidetes (4%) (Fig. 2a). Yumthang hot springs bac-

terial isolated were grouped into four phyla namely Fir-
micutes (65%), Proteobacteria (30%) and Actinobacteria
(4%) (Fig. 2b). Oye identi ia belong t

= " & g Ll -

& fhdehecter capsntartuy NEW2AOT0T91E) ] ti- Protechacteria
|— Brevimbimonss bullara NEMISAHQM03050 ] 7~ Protechacteria
Thermonensa lapsum NEM2ZETIZ705941) ] Bacteroidetes

Manikaran hot springs
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Further, in general the bacteria belong to the genera Bacillus and Thermus were mostly reported as aerobic,
heterotrophic thermophiles and found in thermal systems with neutral to alkaline pH (Spanevello and Patel 2004).

Thermus spp. may bepredominant heterotrophs in many hot springs (Hjorleifsdottir et al.2001)

In present investigation none of the Thermus species were obtained.
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Conclusion
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