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ABSTRACT

Sulfur springs have long been credited with unijealing powers for certain diseases both in thdyeaastern and
western medical sciences. In these springs theerdration of elemental sulfur, sulfate, thiosulfated dissolved
sulfide is high and both oxic as well as anoxicditians are maintained in the water and underlysggdiments
through the spring. Enrichment culture techniquesweanployed to study the diversity of sulphur sprifige
population profile varied significantly. Maximunrwttural diversity was observed in the soil sampixed with
sulphur water which harboured an assemblage of aoil surface sulphur water microflora. Thiobacillugs
dominant microflora of sulphur water (34%) and soilixed with sulphur water (20%). Pseudomonas was
documented to be the dominant microflora of normater (41%), normal water mixed with sulphur wa(ét%),
cave water (50%) and stalactite (29%). Proteus vpsedominant in soil sample (25%). Pseudomonas was
recovered from all water and soil samples. The ditae indices were employed to study the functiatiaérsity of
spring. Maximum diversity of protease producers wedserved in soil mixed with sulphur water (H'=2.01
E1=0.64) while that of xylanase producers, maxindiwersity was observed in normal water mixed wiilplsur
water (H'=0.95; E1=0.90). Cellulolytic microflora & most diverse in stalactite (H'=0.98; E1=0.93) il@h
amylolytic microflora was most diverse in sulphuater (H'=0.96; E1=0.88). Amongst pectinolytic mifinya,
maximum diversity was observed in normal water chiwgh sulphur water (H'=0.64; E1=1.80) while phdsye
solubilizers were most diverse in sulphur water=466; E1=0.96) and maximum diversity amongst Siqéiore
producers was observed in cave water (H'=0.72; EBI).

Key words: Sulfur springs, Thiosulfate, Enrichment culturehtieique,Thiobacillus PseudomonasStalactite.

INTRODUCTION

Sulphur springs have long been credited with unige@ling powers for certain diseases both in thily eastern
and western medical sciences. These springs azadsmrorld-wide. In the spring, concentration ofpsuwir, sulfate,
thiosulfate and dissolved sulfide concentratiorth@ emergent water is high and maintains oxic dk ageanoxic
conditions in the water and underlying sedimentsubh the spring. These springs generally havaaplid but few
springs have neutral pH; can be a hot water sgmirgpld water spring [1, 2, 3].

The prevailing ecological conditions in these spsinlike pH, temperature, sulfide, sulphur or sutpha
concentration, redox conditions, presence of athestron acceptors, light availability and orgacinitent influence

the community succession in these springs. Theooatk caves associated with these springs alscounarb
complex micobial communities [4].

In sulphur- and sulphide-rich environments vizrirags, hydrothermal vents, anaerobic zones of laded shallow
marine and intertidal systems, utilization and myglof sulphur species play a major role in engegyduction and
the maintenance of microbial community [5].

236

Pelagia Research Library



Seema Rawat Adv. Appl. Sci. Res,, 2015, 6(4):236-244

The wide range of ecological conditions existingthese springs make them an interesting ecosysteichwhas
always drawn attention of microbial ecologists. Téteuctural diversity of microbial form alongwithegetic,
physiological and functional diversity is believéd provide a complete understanding of these sprifide
microbial community has been extensively studiedemeral springs by many workers [6, 7, 8]. Thesbbar a
number of mesophilic, thermophilic and hypertherhitip microflora. These springs comprise of a wide
assemblage of bacteria belonging to alpha, betargaand delta subdivisions of proteobacteria.

Springs comprise of sulfur oxidising bacteria, sukind sulfate reducing bacteria. The former cosesriof aerobic
bacteria viz., species of generalcaligens, Beggiatoa, Paracoccus, Pseudomonaspthitik, Thioploca,
Thiobacillus Thiomicrospira, Thiosphaeend Xanthobacter{4] while latter comprises of anaerobic bacterlia,v
Desulfovibrig Desulfatomaculum, Desulfuromonas, Desulfobulbusubebacter, Desulfococcus, Desulfosarcina
andDesulfonemd2, 6, 7].

MATERIALS AND METHODS

2.1 Collection of SamplesA total of 7 samples viz., Nornal Water (NW), SuliVater (SW), Cave Water (CW),
Normal water mixed with sulfur water (NSW), Staleet(STC), Soil sample (S), Soil sample mixed wsthifur
water (SSW) were aseptically collected in sterilentainers from the sulphur spring. These samplese we
transported on dry ice to the lab.

2.2 Recovery of IsolatesMicrobial population dynamics was studied by emment culturing on Thiobacillus
broth and Starkey’s broth. Plating was done onstimae medium after 24h, 72h, 120h, 168h and 264ferBit
morphotypes were purified by restreaking on Nutreggar and Starkey's medium and pure culture.

2.3 Biochemical Characterization: The various biochemical tests viz., Indole- Metihgtl- Voges Proskaeur-
Citrate Utilization Test, Triple Sugar Iron Agar skeand Nitrate Reduction Test, Oxidase Test, Csdalest and
Urease Test were carried out for characterizatfasatates according to [8].

2.4 Functional Diversity: The functional diversity amongst isolates was &dddy qualitative screening of their
xylanolytic, cellulolytic, amylolytic, proteolytiand pectinolytic activity, phosphorus solubilizatiand siderophore
production. Xylanase and Cellulase assay was paédraccording to [9] using 1% xylan and 1% CMC as
substrate, respectively. Amylase was assayed dogotral [10] using 1% starch as substrate. Proteaseassayed
according to [11] using 1% skim milk as susbtr&ectinase was assayed according to [isthg 1% pectin as
substrate. Siderophore was assayed according jofil&hromeazurol S agar medium. Phosphorus saabdn
was measured on Pikovskya's agar according to [14].

2.5 Diversity indices
Various indices viz., Shannon's index (H') [15], iylef's Richness index [16] and Evenness inde} yi&re
calculated based on the characteristics of recdviepdates.

Shannon'’s index

Z(plln p,)

H
Pi= ni/N

ni = number of individuals of th& species
N= Total number of all individuals

Richness Index1 (R1) or Margalef's Index

r1=(N~-1
In N
Where

n = total number of species
N = total number of individuals of all species.

Evenness index (E1)
Hl
El=——
In(S)
Where S is number of total species
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RESULTS

During enrichment oif hiobacillusbroth and Starkey's broth, changes in charadterist broth were observed with
time period. After 3 days iffthiobacillusbroth, all samples changed colour of broth to dackexcept sulfur water
in which there was marginal change. Significantng&in colour was observed for NSW, which changedcblour
of broth to yellow. There was no change in coloubroth of all other samples. No further changeaiour of broth
was observed with further incubation to 11 daydloYecolour depositions were observed in NW, SWVN&nd
STC samples upto 11 days while black colour in QW &SW upto 7 days; black and yellow colour in sainple
upto 7 days. Cave water depositions changed towetolour after 11 days while that of soil, to p&ll and of
SSW, to black and yellow. The changes in pH wemsignificant. A significant decrease in pH wasawsd with
sulfur water; pH of broth decreased to 3.5 aftedays.

After 3 days, no change in colour of Starkey's bhnwts observed in all samples. White colour dejpositwere
observed in SW upto 11 days while brown colour iiI5®¥C and SSW upto 3 days. In other samples nositépts

were present upto 3 days. In NW and CW, white aottapositions were observed after 7 days while W\ after
11 days.

Table 1: Changes in characteristics of water and dssamples of Sahastradhara during enrichment ol hiobacillus broth

Characteristics
Samples 3d 7d 11d
pH | Colour change Depositions pH| Colour changg Depositions | pH | Colour change Depositions
NW 7.0 | Dark red Yellow 7.0 Dark red Yellow 7.0 Darldre Yellow
SW 6.0 | Red Yellow 5.0 Yellow Yellow 3. Yellow Yellow
NSW 6.5 | Yellow Yellow 7.5| Darkred Yellow 7.0 Dark red Yellow
CW 7.0 | Dark red Black 7.0 Darkred Black 7\0 Dark red Yellow
S 8.0 | Dark red Black& Yellow| 7.0 Dark red Black& YelW | 7.0 | Dark red Yellow
SSW 7.0 | Dark red Black 8.0 Darkred Black 7\0 Dark red Black& Yellow
STC 8.0 | Dark red Yellow 7.0, Dark red Yellow 7.0 Darkire Yellow

Table 2: Changes in characteristics of water and dssamples of Sahastradhara during enrichment on @irkey's broth

Characteristics
Samples 3d 7d 11d
pH | Colour change | Depositions| pH| Colour changg Depositions| pH | Colour change | Depositions

NW 5.0 - - 4.0 - White 4.0 - White
SW 7.0 - White 7.0 - White 7.Q - White
NSW 5.0 - - 4.0 - - 3.5 - White
cw 5.0 - - 6.5 - White 6.5 - White

S 6.5 - Brown 6.0 - - 5.5 - -

SSW 6.0 - Brown 6.5 - - 6.0 - -

STC 6.5 - Brown 6.0 - - 6.0 - -

- No change observed

3.1 Structural diversity

A significant difference in the population countsmabserved in water and soil samples of Sahastraqfablel).
The variation in the population count (lggfu) of recovered mesophilic bacteria from SW tw&s, 6.25+ 0.12 to
10.25+ 1.46.

The population count of sulfur bacteria on Starkeyedium varied from 4.23+ 0.19 (NW) to 8.14 + 0(&W)
while that onThiobacillusagar, varied from 4.10+ 0.23 (NW) to 8.65 + 0.98\().

Distinct bacterial morphotypes were isolated froecavered microbial diversity of different sample$ o
sahastradhara. Bacterial morphotypes were selemtethe basis of their colour, chromogenesis, mdogical
characteristics viz., colony and cell morphologhey were identified on the basis of their morphalahand
biochemical characteristics according to Bergeyanual of systematic bacteriology. The populationiegain
different samples (Fig. 2). In sulphur wat€hiobacillus was the predominant bacteria (34%) followed by
Paracoccugq16%) andXanthobacten(16%), Pseudomonagl2%), Thiosphaera(11%) andThiomicrospira(11%).

In normal water the predominant population wasséudomonag32%) followed byE. coli (22%), Micrococcus
(14%), Klebsiella (14%), Staphyloccug11%) andProteus(7%). In normal water mixed with sulphur water the
predominant bacteria wédseudomonaé1%) followed byE. coli (12%), Micrococcus(11%), Paracoccug10%),
Thiomicrospira(10%), Klebsiella(8%) andThiobacillus(8%). In cave watePseudomonas/as the most dominant
bacteria (50%) followed b¥. coli (14%), Klebsiella (10%), Micrococcus(10%), Alcaligenes(10%) andProteus
(6%). In soil samplé’roteuswas predominant (25%) followed Bjicrococcus(20%), Pseudomonagl8%),E. coli
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(14%), Bacillus (1%) andShigella(10%). In soil mixed with sulphur watéthiobacilluswas predominant (20%)
followed by Pseudomonag14%), Micrococcus (14%), Klebsiella (10%), Proteus (10%), Paracoccus(10%),
Xanthobacter(10%), Shigella (7%) andE. coli (5%). In stalactite samplEseudomonaand Micrococcuswere
predominant (29%) followed biylebsiella(14%),Proteus(14%),Paracoccuq7%) andSerratia(7%).
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Fig.1: Population count of bacteria recovered from sulphurspring
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O Thiobaciflus
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B Thiosphaera

@ Thiomicrospira

(a) Sulphur water (SW)
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B Micrococcus
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B Pseudomonas

A Proteus

O Staphylococcus

(b) Normal water (NW)

B E. coli

m Pseudomonas
a Klebsiella
Micrococcus

O Thiobacilius

O Paracoccts

@ Thiomicrospira

(c) Normal water mixed with sulphur water (NSW)
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o E. cofi
Pseudomonas
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o Proteus
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B Paracocctis

& Thiobacillus
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(f) Soil mixed with sulphur water (SSW)

M Serratia

O Pseudomonas

B Micrococcus

o Paracoccus

Klebsiella

= Protetis

(g9) Stalactite (STC)

Fig. 2: Distribution profile of bacteria in differe nt samples of sulphur spring

3.2 Functional diversity

The functional divergence was observed amongstetb@vered microflora. Amongst protease producersimam
diversity was observed in SSW (H'=2.01; E1=0.649ximum richness in NW (R1=4.32) while amongst xgisam
producers, maximum diversity in NSW (H'=0.95; E1).and maximum richness in CW (R1=3.36). Celluioly
microflora was most diverse in STC (H'=0.98; E13).8nd more rich in NW, CW and S (R1=2.88). In guifater
amylolytic microflora was most diverse (H'=0.96;=30188); while maximum richness in NW (R1=4.32). Amst
pectinolytic microflora, maximum diversity in NSWH'E0.64; E1=1.80) and maximum richness in NW (R882.

P solubilizers were most diverse in SW (H'=0.66=&®96); more rich in NW (R1=4.32. Maximum diversity
amongst siderophore producers was observed in CWO(F2; E1=0.63) while maximum richness in STC
(R1=3.41).
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Table 2: Functional diversity indices of sulphur sping

Name of Samples
SW]NW[NSW] Cw] Ssw|] s | sTC
Protease

H' 0.33| 0.00{ 0.69| 000 201 050 0.65
R1 138| 432] 124| 144 164 144 2]
El 0.25| 0.00| 053] 000 0.64 048 0.53
Xylanase
H' 091| 035/ 095/ 066 058 0.72

R1 137 | 2.88] 1.24| 336 329 324 27
El 0.86| 0.00] 090| 051 048 054

Cellulase
H' 061| 035/ 0.32| 048 082 09
R1 046 | 288 124 283 262 2§
El 0.33| 0.00{ 0.00f 0.12 042 046 0.93
Amylase
H' 0.83| 0.00| 0.32| 048 0.61 09
R1 046 | 432 124 048 132 215
El 0.48| 0.00{ 0.00f 0.00 0.5 0.8 0.70
Pectinase
H' 0.25| 035 0.64] 055 0.00 0.3
R1 092 | 288 0.62| 240 093 0.3
El 0.00| 0.00] 1.80| 050 0.00 0.00 0.4
P solubilization
H' 0.66| 000 032| 061 023 05§52 4
R1 138| 432] 124| 09¢ 132 144 190
El 0.60| 0.00f 0.00f 050 0.2% 0.25 6
Siderophore
H' 0.60| 035 0.00f 0.72 0.62 0.68 0.32
R1 120| 288 1.86| 288 230 288 341
El 053] 0.00f 0.00f 063 046 050 0.15
H'= Shanon's diversity index; R1=Richness indexs [Elenness index
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DISCUSSION

Sulfur springs constitute an important ecosysterithwis of great relevance from microbial ecologipaint of view
as it represents a complete spectrum of microliairsity.

Microbial community succession occur at a very faste with the change in eco-physiological conddiof spring
[4]. The present study was focused on structurefametion of microbial communities in Sahastradhara

The enrichment culture technique revealed manyéstag observations. Bacteria surviving in suprings with
neutral pH often form mats whose appearance sezims governed by prevailing physical and chemioadiions
[7]. In this study yellow, black, brown and whitelaur depositions were observed. The yellow colbepositions
were probably sulfur granules as many sulfur oxidizexcrete internal or external sulfur in the fahhydrophilic

spherical globules [18] that can serve as an erraggrve when environmental concentrations of hyeincsulphide
substantiallydecrease. Brown depositions were #iilie of presence of ferrihydrite while a blak dsition

observed was because of formation of iron sulfitlow alongwith black colour depositions were atveel in soil
samples which could be due to concomitant accumnmlaif sulfate with iron sulfide. Similar obsenais were
reported by [19] in marine sediments. Brock [2@Jared that the thick bacterial mats could be smrdarly white
or brown yellow from precipitated sulfur are formgdneutral sulfur springs. The changes in colaapositions
and pH in broth with time period were consequerfadd@ microbial growth and activity.

The population profile varied significantly in diffent samples. Maximum bacterial diversity was olekin SSW
which harboured an assemblage of soil and sulfuemmicroflora. Thiobacillus was dominant microflora of
sulphur water (34%) and soil mixed with sulphur eva20%).Pseudomonas/as documented to be the dominant
microflora of normal water (41%), normal water ndxeith sulphur water (41%), cave water (50%) aradastite
(29%). Proteus was predominant in soil sample (25%)seudomonasvas recovered from all water and soil
samples. The dominance B$eudomonaamongst heterotrophic population of springs haghlveported by [4].

The functional diversity was studied by employingrious diversity indices viz., Shannon index [1&yenness
index [17] and richness index [16] to ascertain tbé&e played by various morphotypes in their indiges
environment. Though the use of various diversitjidas created discrepancies among some observdtidrthe
real picture of diversity was obtained since itrpited removal of bias on account of use of nuinél media,
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physicochemical environment, the likely elementhaiman experimental error. Higher the Shannon'sxiratel
evenness index, higher would be the diversity. @bandance of a particular functional type in sasipiere
indicative of the role played by that microfloratimeir niche. Normal water was rich in proteolytigllulolytic,
amylolytic microflora and p solubilizers. Cave watsas observed to be rich in xylanolytic and cellylic
microflora. Soil was rich in cellulolytic microfler Siderophore producers population was most nictdlactite.

The biasedness shown by cultivation approach duattmsic selectivity of each component of the timaltion
technique nearly always resulted either in enhaecgérar decrease or even inhibition of growth of sospecific
members and therefore cultivation-dependent metHods not give complete diversity picture of a tatbiTo tide
over these difficulties, cultivation-independenpegaches should be employed to have a completargict
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