Contents

CONTENTS
Chapter 1: Review Of [IteratUre.....c.cviuuiiieeiiieeiiee e ceieeere e eeneeeeneennnn, 1
O g1 4 0 To [ Tox Ao [T 2
1.1 Characteristics of SUDSUITACE BNVITONMENTS ...ttt e e e e e eeeeeens 3

1.2 Abundance, distribution, and taxonomic diversity of prokaryotes in different

SUDSUITACE BCOSYSLEMS ...vivieiieieite sttt ettt et teesa e s e e e aeaenresbeareanean 4

1.3 Subsurface sampling for microbiological analysis by core drilling ... 16
1.4 Microbial activity and functional diVErSItY ..........ccccviveiieii i 19
1.4.1 Microbial enzyme activities and fluorescein diacetate hydrolysis activity ................ 22
1.4.2 Microbial activity in subsurface sedimentary environment ...........cccccceeerencnenennnn. 23
1.4.3 Microbial functional diversity in subsurface sedimentary environment.................... 26
1.4.4 Role of microbes in heavy metal bioremediation.............c.ccccveveiieii e 27
1.5 Linkage between microbial and geochemical parameters ...........ccooevvveveieneniesenenennns 28
1.6 Heterogeneity of river floodplain 8COSYSIEMS. .........ccoiiiiiiniiireee e 32
1.7 Geomorphic setting of the Mahi RIVEr BaSin ..........cccccovieiiiiiiiinecie e 33
1.8 Aims and SCOPE OF the tNESIS ........oviiiriiiiiisireeee e 35
I O] o] [=Tod 1} USSP PP PRORS 36
Chapter 2: Materials and MethodsS....ccceeeieieeiiiiiieeiiieeineriierenneeenecaencenns 37
2.1 Sampling Site AESCIIPLION ......eivieii ettt esre e 38
2.2 Sediment sample collection by rotary drilling .........cccccooveiieiiiicsee e, 38
2.3 Subsampling and preservation of sediment core sSamples..........cccocevvvieiinerenceneece e 39
2.4 Analysis of physicochemical characteristics of sediment samples..........cccoceveieninininnne. 40
2.5 Determination of microbial enzyme actiVItiesS ...........cccocveiieiiiiciece e 40
2.6 Analysis of enzymatic StOIChIOMELIY ........c.covveiiiiecec e 43

2.7 Enumeration of culturable bacteria by plate counts and most probable number

(IMPIN) TECRNIGQUE ...t bbbt 43
2.8 ldentification of heterotrophiC bacteria...........cccoveiiiiiiie e 44
2.9 Community DNA XIraCtION .....ccuviiiiiiie et be et eene e 44
2.10 Quantitative real-time PCR (QPCR) .....ccoiiiiiiiiiieieee s 44

2.10.1 gPCR based quantitation of gene abundancCe ...........cocevvrireninienenese e 44




Contents

2.10.2 Preparation of standard curves for absolute quantification ..............cccccoeevverinnnnnnn. 45
2.11 Community fingerprinting by denaturing gradient gel electrophoresis (DGGE) ............ 47
2.12 DGGE band eXxcision and SEQUENCING .....c..eiverterierieieeieiesieseesiesie e e sseeee e sse e sseens 47
2.13 Bacterial community profiling by Illumina (MiSeq) based 16S rRNA gene

18] o] N Lot g TRT=To [0 =T g Tod T o o SR 48
2.14 Metagenomics data analysis and functional prediction............cccccceecvvveiiierecceseece s, 48
2.15 Assessment of metal tolerance ability of iSOlates .........cccocvevviiiiiiiiii e, 49

2.15.1 Preparation of metal SOIUtIONS ..........ccoiiiiiiiiicee e 49

2.15.2 Heavy metal tolerance study by the plate diffusion method ............c.cccocovevvenennn. 49

2.15.3 Determination of minimum inhibitory concentration of Cr (V1) .....ccccooevevveiieenne 50
2.16 Cr(VI) determination using S-diphenyl carbazide (DPC) reagent...........cccccocevvnvrininnne. 50
2.17 Determination of chromate removal ability of bacterial strains in liquid medium .......... 50
2.18 Microcosm study for metal removal in packed bed column...........ccccccoiviveiiccecce s, 51
2.19 SAtiStICAl ANAIYSIS ....ccveeieiiecieee e 53

Chapter 3: Microbial characteristics and their association with sediment

geochemical properties in 17 m deep estuarine core at Chokari, Mahi River

72 ] PP 54
K T0 1 oo [0 od o] o SO 55
B0 (=11 ] | 3SR 56

3.2.1 Stratigraphic sequences observed within Chokari (CRD) COre........ccccevviiververeennenne 56
3.2.2 Physicochemical properties of CRD core Samples.........ccccovevveveiieieese e 57
3.3.3 Microbial enzyme activities and enzymatic stoichiometry within CRD core............ 59
3.3.4 Culturable bacterial counts and microbial gene abundance within CRD core........... 59

3.3.5 Correlation between and within microbiological and physicochemical parameters.. 62

3.3.6 Culturable bacterial diversity of CRD core SamplesS..........ccocoovveviiiieiviee e 65
3.3.7 Microbial community profiling of CRD core samples by DGGE............cccccovennne. 66
3.3.8 Microbial diversity assessment of CRD core samples by Illumina sequencing......... 68
3.3.9 Functional profile analysis of CRD cOre Samples........cccccveveivereiiiesieene e e 76
I D oW SES] o [P RTSTPRPRRP 76
3.4.1 Sediment stratigraphy and microbial characteristics within CRD core...................... 76

3.4.2 Impact of sediment physicochemical properties on microbial parameters ................ 79




Contents

TR T 02 Tod 1115 o] o 1SS 81
Chapter 4: Linkage of sediment indigenous properties with microbial

parameters in two laterally deposited Late Quaternary sediment cores of the

Mabhi River basin: A case study from Rayka and Rampura........ccccceeeeenee.. 82
o A 0T 13 Tox 1 o] OSSP RR O PR PSR 83
A2 RESUIES ...ttt R et et b et re et enee e 84

4.2.1 Description of Rayka (RYD) and Rampura (RMD) core location and stratigraphic
sequences observed within RYD and RMD COI€S ........cccccueiviieiieeieiieseesesie e 84
4.2.2 Physicochemical attributes of RYD and RMD COIeS.........cccovvveveivieiieie e 86
4.2.3 Microbial enzyme activities and enzymatic stoichiometry within RYD and RMD
(610] = OO UPRTT 88
4.2.4 Culturable bacterial counts of RYD and RMD core profiles ..........cccoocevvvevciiieinennns 91
4.2.5 Microbial gene abundance within RYD and RMD core profiles..........cccccocevvveinennn. 91
4.2.6 Linkage between and within microbial and geological characteristics of RYD and
RIMD COFES ...ttt ettt s e e nab e e snb e e e s e e e nnbeeeas 94
B T ot U] (o] o ISP 98
O 0] o4 151 o] PSSP 102

Chapter 5: Evaluation of bacterial strains isolated from subsurface sediment

samples at Rayka and Rampura for heavy metal tolerance and Cr(VI)

FEMOVAl ADITY . ceneiieiiieiiiiiiiiiiiiiieneeiteeeeietentececeacensenscnnsansorianns 104
TR oo [0 od o] o SRRSO PRPRRPRN 105
5.2 RESUITS ...ttt ettt ettt e st et et eese e sRe et e e s e e Re et e aneenreeneeereenreenae s 107

5.2.1 Taxonomic identity of bacterial strains obtained from RYD and RMD sediment
profiles and their heavy metal tolerance Capacity ..........ccccoeveveeieeveccieciece e 107

5.2.2 MIC of Cr(VI) exhibited by selected bacterial strains obtained from RYD and RMD
SEAIMENT PrOTIIES ... s 112

5.2.3 Removal of chromate in R2A and SE + peptone broth by selected bacterial strains
obtained from RYD and RMD sediment profiles ..........ccccoovvvieiiiiiic e 112




Contents

5.2.4 Microcosm study to assess the influence of Bacillus sp. RYD 15.1A and

Streptomyces sp. RMD 42.2B on chromate leaching from sediments of different

CONSISTEICY ..ttt bbbttt b bt bbbttt nn bbb i 113

5.3 DISCUSSION ...vtetieiieieeetee sttt sttt st e st et e st e bt e st e s st e st e es e e s e sbeesteeseesbeenbeaneenbeenteeneeareanneas 117
5.4 CONCIUSION......cuiitiiiieie ettt bttt bbbttt e e bbb e sbe st e nenneas 119
Summary and CONCIUSIONS.........coiieiieiie i sree e 120
N 0] 0 1= L0 | TSRS 126
RETEIEINCES ...t e e e reens 136
Publications and POSTEIS..........couii i 162



