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ABSTRACT

Antimicrobial resistance (AMR) is a growing public health threat that occurs when
pathogens like bacteria, viruses, fungi, and parasites develop the ability to resist the
drugs designed to kill them. This resistance makes infections harder to treat and
increases the risk of disease spread, severe illness, and death. Actinomycetes are a
diverse group of gram-positive bacteria that are known to produce a wide range of
bioactive compounds and offer a promising alternative in the fight against resistant
microbes. The study aim is to isolate and morphology identify actinomycetes from
different soil surroundings in the Eastern University premises, demonstrating strong
antibacterial effects against prevalent human pathogens. Nine different actinomycete
strains were obtained and identified morphologically and with the help of biochemical
tests such as gram staining. The results of Gram staining also indicated that all the
isolates were Gram-positive due to their thick cell walls and their high capacity to
produce antibiotics. In antibacterial activity screening, several strains showed
significant efficacy against common human pathogens, Escherichia coli and
Staphylococcus aureus (P<0.05). Notably, strains labelled A1, F1, and S1 demonstrated
broad-spectrum antibacterial properties, suggesting their potential as sources of new
antibiotics. The improved antibacterial efficiency and the greater colony-forming
ability of the strains obtained from the swan:p area prove the impact of the environment
on actinomycetes’ growth and activity (P<0.05). Physio-chemical analysis of the soil
samples found that the swamp area's neutral pH, high moisture, and rich organic content
provided a conducive environment for actinomycetes proliferation (P<0.05). These
findings highlight the critical role of environmental factors in shaping actinomycetes'
diversity and antibacterial potential. This study helps to better comprehend the factors
of actinomycetes distribution in various types of soils and indicates the directions for

searching new antibiotics.

Key words: Antimicrobial Resistance, Actinomycete, Antibiotic, Antibacterial

Potential



TABLE OF CONTENT

ABSTRACT ..ottt ettt sttt ettt st st sasesas et e s e e sae s e e raeeaeeaeeneenns i
LIST OF FIGURES ......oooitiiiiieteie ettt e s sas e et sns s e s ae e vi
LIBT OF TABILLES .......cveesmeommsmnamseassmmasansusmmassnsnmsarssssnsosssinss 545554405 5555555 5815555454055 SRS vii
ABBREVIATIONS AND SYMBOLS .....cootiiiiieeieeenecieereeieseeee e viii
CTEAPT IR UL ..o i i o5 5800 0 B S SRS S O 1
INTRODLICTIOMN s ccamem omsmnsmnsesosemmscsmasesssiosssmscnsssmcmonsasmcsms i e S s RN 1
1.1 Background of the Study ........ccceceeviiniiniiiiiiiiiiiiii 1

1.2 Research problem & researeh Hypothesis o oo s sssm ssvssm s e 3

1.3 AIm and ODJECHIVES ....eeveeruiieiieiiieniiciiie ittt 3
CHAPTER 02 ..ottt et sttt ettt ettt ettt sabesate e st sae s snsesasannenne s 4
LITERATURE RENVIEW ... cocescomessamsmsamsnamsesmamsms s sk 6556555 556055 5 SRR SSRGS S 4
2.1 Soil biodiversity and soils of Sri Lanka.......ccccccevveriiiiiiiiiiiiiiiiiiiiiie 4
2.1.1 Sofls 6f S Lol cmmnmmnsassomsnn smmosmmnmsasmarsmmmpma s 4

212 Bl e v cosusssnommsmmmesesss s s sy m e ma s rersss 4

2.1.3 Soils of Eastern province of Sri Lanka .........cccccoecviviiiiiiniinii 5

2.2 Soil microorganisms and their role in the environment..........cccccoeeeirninnne. 6
2.2.1 Introduction of SOil MICTOOrZANISMNS ...ceeuvvieireaiieeireeieeeieenne e 6

2.2.2 Types of S0il MiCroOTZaNISIMS ....c..eevuiiiiiiiiiiiiiiiiie e 7

2,22, ], BEGHBIIR corensuiscuromssuesmssmsmemmmonsmmyesasmmaomms s sms onmsssnssmmms s o 5555 66405553 7

2.2.2.2 FUNZL 1ottt sa s 8

2 22T ABHAG ... comenrrommmmsmemsamemmsnmes s smsmsiioss o8 5705 ST S5 S S SAL ARS8 DRSNS 88 8

2.2.2.4 ACHNOMYCELES. ....coruiiiruiiiiieeniieenieenie ettt sne e e 8

AT b 6155 7 O — 9

2.2, 210 TNCTIRAUOIE 1. o cxmwmmesrcnme s s sl s G55 5 GRS 3 B85 9

2.2.3 Roles of s0il MIiCrOOTZaANISIMNIS. ....evvevieiieiienieeieeieere ettt 9

2.3 ANIDIOICS eeiiiitiieeiie ettt ettt 10
23,1 Imtroduefion of saibiotes mmossmmmssmmmmmmmms s e 10



2.3.2 History of antibiotiCS.......cveueeieriiiiiieieieeeiceceeeeeeeee e, 12

2.3.3 Classification of antibiotiCS.......cuevevireriirerieiieieeeee e 13
2.3.4 Mechanisms of antibiotiCs ........cueviuieuiieeieiceeeceeceeceee e, 13
2.3.5 Applications Of antibiOtiCS ........cuevveeerierieeeeieiceeecee e, 14
2.4 Antibiotic producing soil MiCroorganisms..............ccoeevveeveeeeeeeeeeeeeeeeeenennnn, 16
2.4.1 Types of antibiotics producing soil microorganisms...............cocoevne... 1%
2.4.2 The purpose of producing antibiotics .............ccoeveieveevereeereeeeeeseeenns 19
2.5 A YOI s v 50805065 mmmnmra e s cmm s s S EES 19
2.5.1 Taxonomical classification of actinomycetes ...............cccveverevreeeeennnnnn. 19
2.5.2 Distribution of aCtNOMYCELES .........c.ecvevieeieieiieieeeeeeeeeeeeeeee e 19
2.5.3 Morphology of actinOmyCetes .........c.ccevvivriieiiiiiiieeeeeeeeeeeeeeeeeeee e 20
2.5.4 Cell wall COMPOSIION ...c.veuvevierieriiiietieeieeeeee et 20
2.6 Actinomycetes in antibiotic production ................cceevveeveereereeveeeeeeeeeeeeeee, 21
2.6.1 Different types of antibiotic-producing actinomycetes........................... 21
2.7 Isolation and Characterization of Actinomycetes.............coocvvveevevveveeeenennnn. 23
2.7.1 Isolation of ACHNOMYCELES .........ccveueeueeeieeeieeieeeeeeee et 23
2.7.1.1 Dilution-Plate TeChnique ...........c.ccovveveeiieiiiiieieeeeeeeeee e, 23
2.7.1.2 Conventional Dilution-Plate (CV) Procedure..........cccoocevveevevuenn.. 24
2.7.1.3 Dispersion and Differential Centrifugation (DDC) ......................... 24
2,71 4 Selaotive IIBAR. s mmn st soomsessussssssossys 24
2.7.1.5 Differential Enrichment Techniques.............ccoeevevveeeeeeeeeeeeeenn, 24
2.7.1.6 Membrane Filter Technique..........c.cooeeveeieieiieiiiciceceeceeee 25
2.7.1.7 Direct Inoculation Technique .............ccooeevivieveeeeieieeeeeeeeeeeen, 25
2.7.1.8 Metagenomic APProaches ...........ccceeceeueeeeveeeeeiieeeeeeeeeeeeeeeeeeeeeenen. 25
2.7.2 Characterization of aCHNOMYCELES ..........ocvevieeieiieieeeeeeeeeeeeeeeeeeeeenen, 25
2.7.2.1 Morphological characterization ...............ccc.ecveeveveeeeeeeeeeeeeeeeeenn. 25
2.7.2.2 Physiological characterization .................coceeveveveeeieeceeeeeeeeeennn 25
2.7.2.3 Biochemical characterization.............c..c.eeveveievieieieeeeicieeeeseene 25
2.7.2.4 Molecular characterization...............c.coeveeveeeiuieeeeeeeeeereeeeeeeeeeeeeeen 26

2.8 Identification method of actinOmMyCetes...........ocvevvvevieeeeieeeeeeeeeeeeeeenn 26



2.8.1 Molecular approach ..........cc.occueeiiiiiiiiciiceceeceeeeee e 26

2.8.2 Internal Transcribed Spacer (ITS) ..cc.ooovviieiiieiiieieeceeeceeeeeeeeee e, 26
2.9 Commercial production of antibiotics from actinomycetes..............c..cocu..... 27
2.9.1 Commercial production ProCeSSESs .........cueevveerueevveerveeireeireereeeeereeereenneans 27
2.9.2 Notable actinomycete-derived antibiotiCs...........ccoevvvevvievreevieeveieenneennnn. 28
CHAPTER 03 ...ttt et ebe s e 29
MATERIAL AND METHODOLOGY ...cceoiiiiiiniieniieieesieeeieesiee st 29
3.1 Location of the StUdY .....ccoeeviiiiiiiiiieece e 29
32 LA T SO cocomsosmsnsmsson.ionnssn5605.08655050655.6005 505 85550k i b 29
3.3 Sample collection and pretreatment.............ccueeeereeeereieeieeieeieeee e, 29
3.3.1 Selection of the 10CatIONS ......cocveeiieiirieiiecieciecie e 29
3.3.2 Sample COLIECtION...c..covuiriiiiiriieiieeeeee et 30
3.3.3 Pretreatment of S0il SAMPIES.....eeoveriiriieiiiiiieiieeeeeeeee e 30
3.4 Isolation Of aCtiNOMYCELES ....cceevvieiiieiieiieieeie et 30
3.4.1 Standard serial dilution and plating ............ccceevevvreviereeieriesiee e 30
3.4.2 Streak plate technique on NULriENt aAT..........ccveeeveevreeeieriieieereeeieeeeanea, 32
3.5 Identifications Of ACIAOMIYEEIES .. isssiisssssnissmsnsaanassaresersnsensasssssranmssnssane 34
3.5.1 Colony morphology identification.............cc.eevuveveevievieiiecireiecieeeene 34
3.5.2 Gram staining procedure for actinomycetes isolations..............c.cceevee. 35
3.6 Screening isolated actinomycetes for antibacterial activity.............ccccvevenne. 36
3.6.1 Preliminary screening (Cross streak assay) ........ccooveevverveeeereesresresreereenas 36
3.6.2 Secondary screening (agar well diffusion method) .........c.cccoevieiennne. 36
3.7 Preparation of cell free culture filtrate of actinomycetes for secondary
SCTEEIIIIIE ...veuveieeeutesuteauee st eteenteeseesaeesbeeaseesbeasseeaseenseenseenseeasseesseeaseenseessenseenreensas 36
3.8 Preparation 0f Media.....ccccoeeivieiierieniieieieieeeeese e 37
3.8.1 Starch Cas€in QAT .......cceccuivviiieiiieeieecitecie et et 37
3.8.2 NULTIENE QAT ...evveiieiieiiiieeieeieere ettt ste e eabeeaeeeaeesaeeereeanas 38
3.8.3 Muller HIinton Agar.......ccccieeeeciieieeieeiecee et 38
3.9 Determination of soil pH, moisture, and organic matter content................... 39
3.9.1 SO PH oot 39
39,22 BTl HOISIII: iseinsarmmmssmimsmmmnrnssmsmsmanmansnmmssmumesmssismmmsomn simsm s omes s s oemmmsas 40



3.9.3 Organic matter CONLENt...............oeevveueeeeeereeeeeeeeeeeseeeeeeeesooeeeoeo 40

3.10 Statistical ANALYSIS ....coimmsmeissminesorsnrrmseressorerescerorssssrsseseassssssssnorsssosssscssnsenes 41

3.11 Experimental deSign........ccocoevimiuiuiuiueieiircceeeeeeeeeeee e, 41
CHAPTER 04 ... 42
RESULT AND DISCUSSION ......oviuiuiiitieiiieeeeeeeeeeeeeee e 42
4.1 Microbial count in different 10Cations..............oeveveveeeeoeeoeoeeoeeeeoo 42

4.2 Morphological characterization of isolated actinomycetes.............o............ 43

4.3 Gram staining and microscopic analysis............ccoeveeeeerereeeeeeerooooooo 46

4.4 Growth potential of isolated actinomycetes in different area........................ 47
4.4.1 Colony SiZe aNalySiS.........oveveuiiererieiieeeeeeeeeeeeeee oo 47

4.6.1 Zone of inhibition of isolated actinomycetes against E. coli bacteria .... 50

4.6.2 Zone of inhibition of isolated actinomycetes against staphylococcus

QULFIUS v m oo v sy o a8 533533 $ 55 SSRRF SEHSTS S 455558 65 S e s e 3 4 5 8 S A R S 2]

4.7 Physio-chemical analysis of the s0il SAMPpIe...........oovvevrereereoeeereooee, 52
4.7.1 pH variation With 10CatION ...........o.oveveveeeeeeeeeeeeeeeeeeeeeeoee, 52

4.7.2 Moisture content With 10CatION ..............o.oueeeeeeeeeeeoeeeeee, 53

4.7.3 Organic matter content with 10Cation.................coeeeeerereoeoeeoro ) 54
CHAPTER 05 i.cusiiisisisasansenemmnmsasmmmesersssserssassssessss issssesssssiss ssenssassssommmmsssssmsessssesenseses 56
CONCLUSION ..ottt e 56
REFER BINCIES: 1 nsssiesssrstsossoss 65 tmmnsmnsmsms o o235 585505 0805058558500 555 55 e 58
AP PENIIIX o cicvns s 5snans s assmomsonrvson s sspsss o 3655 54 648850 mammnmmmmsm s ememseremersess sonss 65



