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Abstract

The processing of cassava results in the creation of a considerable amount of
waste effluent. Understanding the indigenous microbial divepsdyed to be a
usefulapproachn investigaing cassava effluent uder biodiesel production.
We compared the diversity from cassava efflugnhg culturedependenand
cultureindependenapproacksusingselectivemedia andamplicon sequencing
to target actinobacteria Actinobacteria are producers of various useful
metaboltes with some members in this phylum known for thelieaginicity.
Arginine Glycerol Salt (AGS)Glycerine Asparagine Agar (GA) and Starch
Casein Agar (SCAjvere themost suitablanedia to enumerate the diversity in
cassava effluent from this studyStreptomyces Micromonospora and
Micrococcus were the predominantctinobacteria detected by culture
dependenapproach. In concurrencecdalturedependenapproachtheculture
indepandentmethod alsaevealed various genera relatedattinobacterialn

the cultureindependentapproach Bifidobacterium Corynebacteriumand
Micromonosporawere found to bethe dominant genera. The washing and
pressing stages cassava productiomad a more significant proportion of the
actinobacteriafrom both methods adoptedHolistically, both approaches
provided complementary informatiomferring the diversity within sanples

The functional potential ofnovel isolatesfrom cassava waste effluent
(Streptomyceand Micromonosporawas furtherexploredfor triacylglyceride
(TAG) synthesis andaccumulation Phenotypic characteristics of isolates
involving growth requirementthe enzymatic profile, resistance of isolates to
various antibiotics, degradation of complex compounds, carbon and nitrogen

utilization were exploredo reveal the physiological properties usefuh

3|Page



biodiesel production. Thefatty acid methyl ester FAME) profiles of
Micromonosporaand Streptomycegsepresenteda significant percentage of
brancheechain fatty acids (BCFAs). Thilayer chromatographyiable colony
staining methosl based on NileRed, inferred TAG accumulation by novel
Cassava wastewatgflCWW) isolates. Further investigation intothe key
Kennedy pathway suggested that alternative pathwaght be involved in
TAG synthesis within Micromonospora and Streptomycesisolates. The
presence of PAP multifunctional gefe p (3C0OL102 andlp p (8COL753
involved inDiacylglycerol ODAG) synthesis withirStreptomyce€WW isolate

andStreptomycealbidoflavussupport this hypothesis.
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1.1. Background

Theworld'scurrent energy demandrnsainly met by using conventional energy
resources such as coal, natural gas, and petroleossil fuel consumption,
particularly gasoline and diese primarily in the industrial, domestic, transport
and agricultural sectors. It is estimati@t theworld's total reserve of coal,
natural gas and oil was 1.06 billion tonn&36.9 trillion cubic metreand244.1

billion tonnes respectively as of 2019. These resources can only suffice and
meet human consumption for another 132, 49.8 and 50 years, respectively
(Dudley, 2019) This data suggests the probability of encountering an energy
crisis soon owing to the depletion oftaeal resourcesl hese fossibased fuels

are nomarenewable resources. Their combustion results in the emission of
greenhouse gases (GHG) leading adversely to global warming, and affecting
human life and environmefflalwan et al, 2019) In the long run, its impact
could pose a significant threat to thianet'dife-supporting capacityFivga et

al., 2019) With the expected development of growing economies such as China
and India, theworld's energy utilisation is expectet increase, leading to
inevitable environmental damag®ata et al, 2010) Hence, it becomes
imperative to explore alteative energy sources that are sustainable in the
interest of future needs, thereby reducing the dependency on fossil fuel
Currently, various alternatives to fossil energy such as wind, hydroelectric,
photovoltaic, biofuel and solar energy are being investigated to address this
global issue and develgustainablesolutions that can be implementéMata

et al, 2010) Government has introduced various policies and support regimes
to promote thesalternatives'into our daily energy usage. Fuetcese tax

exemptions, mandates and targets, import tariffs, and direct production subsidies
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are tools used by the government to achieve this objdétiseheret al,, 2009)
These alternative energy sources are not entirely immune to environmental

sustainability issue@HosseinzadeiBandbafheet al., 2018)

1.2. Biofuel as an alternativesource ofenergy

Biofuel is defined as renewable fuel generated from organic mat@atsaira,
2013) The production of biofuel is considered to be a sustainable alternative to
fossil fuek (Zainura, 2013)Worldwide, the development and growth of biofuel
productionhasbeen rapid over the last few years, with a constant annual increase
leading to an estimated 95 million tonnes of oil equivalent in 2018. This is a
9.7% bofuel production increase from the previous y€Busdley, 2019)

Currently, there are over 1000 biofuel plants in operation in over 59 countries
worldwide. The most significant biofuel production plants are localised in the
USA and Brazil, contributig to half of thevorld'sbiofuel productionDudley,

2019) Statistically, North America provides theorld's largest biofuel
productionat 39 million tonnes of oil equivalent. Developments in biofuel
production are still gaining momentum in othertpaf the world such as the
Middle East andAfrica, which arethe kast producing areas globally. Hence,
there is a need to develop sustainable biofuel strategies in these demographic
areas catering to demand and harnessing opportufiieey, 2019)

Biofuels are either in the form of liquid (ethanol and biodiesealld (biochar)

or gaseous (binydrogen, biesyngas and biogaglpemirbas, 2009)Biofuels

can be sourced from biomass, making them environmentally sustainable with
added advantageswing to their biodegradability and low GHG emissions
(Demirbas, 2009) Over the years, different types of biofuels have evolved from

one generation to the next based on the source of raw material avdiladble
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first generatiorbiofuelswere sourced froradible food crops such asgarcane,
grains or seed3 he use of firsgeneration biofuslhad gradually letb thefood

vs fuel debatehighlighting sustainability issues of water and land resources
usedin biofuel production These issues have become more pressing owing to
the recent food crises and increasing food prigdexander & Hurt, 2007,
Doornbosch & Steenblik, 2007; Rudit al, 2016) Eventually biofuels evolved

into the second, third and fourth generato@secdbn theavailability ofsubstrate

and technologied he second generation invobteeuse of waste vegetable il

and lignocellulog biomass The use oimicroalgaein biofuel production is
associatedvith the thid generation. fie developmenbf syngas fermentan
technology involving acetogens owed tovarious metabolic engineering
strategiedeading tofourth generation biofusAlalwan et al, 2019)

Biodiesel isone suchbiofuel gaining momentum for its sustainabilitits
characteristic higher combustion efficiency, lower greenhouse gas emissions,
biodegradability, availability of feedstocks for its production, and renewability
supports its suitability over fossil diegélosseinzadetBandbafhaet al, 2018)
Chemtal structure of biodiesel has moalkyl esters of longhain fatty acids.
They are derived from the transesterification process in which triglycerides
(TAG) in the presence of a catalyst, reacts with alcohol to produce fatty acid
alkyl esters (Fidl.1). Since the most prevalent alcohol used in biodiesel
production is methanol, biodiesel is also referred to as fatty acid methyl esters

(FAME) (Hoekmaret al, 2012)
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Ry

Rl— C=0 /O—C =0
~~0—CLH, CH,
R; CH,—OCH
R,— C=0 | yd
~ Catalyst 0—C=0 OH—CH
0—CH +  3HcOH  —— / + ~
CHs CH, —o0H
Ri—cC=0 T3
TSo—CH, jo—c=o
CH,
Triacylglycerol Methanol Methyl Ester( Biodiesel) Glycerol

Figure 1.1: Transesterification ofriacylglycerol. Catalyst (allalis, acids or
enzymes)R1, Ry, and R represents thieong chairhydrocarbonsAdapted from
(Hotti & Hebba, 2015)

So far several feedstockareused in biodiesel productioiiable 1.1highlights

some of the&key feedstocks used date Palm oil, rapeseed oil and soybean oil
are the most dominant feedstocks in Asia, Europe and the United States,
respectively. Vegetable oils with real potential, which are being explored, are
surflower, safflower, jatropha, coconut, canola and camdliktabaniet al.,

2012; Hoekmaret al, 2012) The use of vegetable oils and animal fats remains

a niche market in the production of biodiesel. This could be attributed to various
reasons such as higher viscosity up to 20 times that of fossil fuel. However, the
setbacks are incomplete combustion,ndfael atomisation in engines, cost, low
productivity and lack of market for the glycerin as apsgduct with further
impacts on the economic viability of this raw mateK@hrioca, 2010)The
presence of free fatty acids in aninfats also increases the difficulty in the
production process of biodieg@®iaset al, 2008)

Algal lipid-based biodiesel has been in focus for the past few decades and is
gaining momentum. It is regarded as one of the most sustainable feedstock
alternatives. Microalgae's relatively fast doubling time, ability to utilise sunlight

and growh using anthropogenic nutrients adds to microalgae's advantages as a
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feedstockShuba & Kifle, 2018) Despite the benefits of microalgal lipids, the
cost ofproduction of algabased biofuels is still too expensive. This is mainly
due to the cost of oil extraction and subsequent procefdieg & Johnson,
2009)

Tablel.1: Key feedstocks for biodiesel productigxdapted fromAmbatet al,
2018; Atabangt al., 2012; Hoekmaet al, 2012)

Edi bl e o|No#edi dilles |Ani mal Ot her

SOoOuUr Ce¢€

Canol a o/Karanja(PqWast e f iBacteria

pinnata oi

Coconut Castor oillPine an]Algae
oi l
Linseed Rubber s e ¢Beeftallow Switchgrass

Mustard Chinese t/Mutt on | Tarpenes
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Olive oi|Jatropha dBroi |l er |Poplar
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Peanut o|Neem oil Wast e d Miscanthus
oi |l
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Soybean Mahua
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Sunfl owe

Generally, #hough biodiesel would be the future alternative to fossil fuels, there
are still some concerns on how sustainable this is. Further improvements to the

processes and the emissions produced still need taldressed Bhaskar&
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Babu (2015)compared the emission values from biodiesel and regular fossil
diesel. Their report stated the lowered smoke density, carbon dioxide emission,
and lower particle pollution adiodiesel's advantagesver fossil diesel.
However theauthor noted increasaitrogen oxidgNOXx) emission in biodiesel

by an average of 6% for every 20% additiorblend whercompared to fossil
diesel.This Jiagianget al (2017)in their review suggest the use afdditives

and improved treatment of exhaust gas technologies as a possible solution to
improve the issues raised.

Besides theabovementionedenvironmentalissues, therare still concerns
about sustainable ways to produce biodiesel. During the cycle of biodiesel
production, some ncerenewable resources are still required. Fossil fuel
requirements in powering farm equipment and the transport of crops used for
biodiesel production also negatively affect sustainability. Synthetic fertilisers,
which are used for growmgncrops, add to the cost of biodiesel production.
Furthermore, they also contribute teONemissionPradharet al,, 2012)

Economic sustainability issue concerning the cost and feedstock availability
remains a pertinent challenge to the use of biodiesel. Price fluctuations
feedstock selectiofor biodiesel production remains a recurring challenge. The
cost of feedstock could account for 75% of total biodiesel fuel(@édaabaniet

al., 2012) Mekhilef et al. (2011)discussed the price fluctuations in palm oil
prices as an exampénd itsimpact onbiodieselproductionin Malaysia. They
reportedan increase in prices as high as fossil diesel at different time points.
Therefore, the choice of feedstaran be @rucialfactor inbiodiesel generation.
Hence some researchershave suggested that the cost and feedstock

sustainability issue could be resolved by utilising oleaginous microorganisms on

28|Page



low cost and effective wasté€henet al, 2018; Cho & Park, 2018; Qadestr
al., 2018)
1.3. Biodiesel fromoleaginousmicroorganisms- a lucrative option in

biofuel development

Current research is centred on the use of oleaginous microorganisms in
generating alternative biofuelsiotably biodiesel Several microorganisms
belonging to the bacteria, fungi, yeast and microalgae have kggighted to
produce a significant amount of oil content exceeding 20% of their body mass
weight(ShieldsMenardet al, 2018; Thevenieau & Nicaud, 2013)is group

of oleaginous micrarganisms can accumulate triacylglycerol (TAG) similar in
composition to plant oiléMartinezet al,, 2015) Historically, the consideration

of the economics of microbial oils had dampened the feasibility of its industrial
applications (Alvarez & Steinblchel, 2002; Shieldidenard et al, 2018)
However,with the amelioration of current transesterification and fermentation
technologies, microbial lipids can be generated in similar quantities compared
to acres of agricultural landrhese oleaginous microorganisms can play a
predominant role in biodiesel pioction due to their fast growth rate and lipid
productivity (Thevenieau & Nicaud, 2013Furthemore there are no weather
requirements for the production of Hiesel from oleaginous microorganisms.
This suggests they can be cultivated all year round for biodiElseVenieau &
Nicaud, 2013)

The nature of lipids produdevary between eukaryotes and prokaryotes. Algae,
yeast and fungi produce polyunsaturated fatty acid triglycerides comparable to

vegetable oils used in biodiesel producti@Wood, 1988) According to
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Sawangkeav& Ngamprasertsith (2013)he productivity and lipid content of
selected oleaginous microorgams are preseadin Table 1.2below.

Table 1.2. Lipid content and productivity of selected oleaginous

microorganisms(Sawangkeaw & Ngamprasertsith, 2013)

Oleaginous Microorganism| Lipid content (%w/w) | Productivity
(Kg/m3/yr)
Biomass | Lipid
Yeast
Candida curvata 29-58 691 315
Limpomyces starkeyi 61-68 636 410
Cryptococcuslbidus 3360 3362 2120
Fungi
Mortierella isabelline 50-55 1276 679
Aspergillus oryzoe 1857 377 215
Cunninghamella echinulatal 35-58 232 134
Microalgae
Chlorella zofingiensis 52 216 112
Scenedesmus obliquus 1358 153 54
Chaetoceosnuelleri 1560 1065 404
Bacteria
Rhodococcus opacus 24-26 N/R N/R
Acinetobacter calcoacetius| 27-38 N/R N/R
Bacillusalcalophilus 1824 N/R N/R
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Several biological systems have been explored to understand the nature and
production of lipids fronoleaginous organisms useful in biodiesel production.
In yeast,Bonturi et al (2015)investigated the effectiveness of lipid extraction
strategies from oleaginot#hodosporidium toruloideandLipomyces starkeyi.
Authors reportedeasonabldipid yields (39% w/w) from the Folchand the
Bligh & Dyer method usingboth strains of oleaginous yeast. More recently,
Annamalaiet al (2018)investigated lipid production from waste office paper
using oleaginous yeaStyptococcugurvatus Other researcherGrangetret al.
(1993) Akhtar et al (1998) and Easterlinget al (2009) demonstrated the
potertial of lipid production from oleaginous yeast.

In Fungi,Eroshinet al (2000)reported lipid production of 60.4% from 18.8%
dry biomass. This was achieved usiagrtierella alpinaLPM 301in a batch
media cultivation containing glucose and potassium nitrate or urea as the
nitrogen source. Other works have been carried ouPdgyanikolaowet al
(2017) Aki et al (2001) Khot et al. (2012) and Harde et al (2016) also
inferring the production of lipids from fungi.

In microalgae Miao & Wu (2004)reported an increased yield &7.9% (3.4
times higher than autotropic cellshio-lipids produced by Chlorella
protothecoidesa heterotropic microalg@aby manipulating metabolic pathways.
Semiao (2013jvork on Chlorella protothecoidesuppots the premonition of
substantial lipid production from oleaginous microalghel et al (2008)
demonstratedan increag in the lipid productivity of Chlorella vulgaris by
supplementing media witlive levels ofFe** concentration.

Bacteria represent a distinct group of oleaginous organisms with high cell

growth rate using simple cultivation strategies. They areusoally lipid
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accumulating microorganisms as they produce polyhydroxyalkanoic acids when
a carbon source is limited as a means of energy st@kaytinezet al, 2015)
Interestingly, some species of actinomycetes Hsmenshownto accumulag
triacylglycerok (Martinez et al, 2015; ShieldsMenard et al, 2018) Some
microbes belonging tthe Bacillusgenus were also fourtd produce o content
(Cho & Park, 2018; Subramaniaghal., 2010)

1.3.1. Actinobacteria asoleaginousmicroorganisms
ActinobacteriaareGrampositive filamentous organisms with high G+C content
(Nakashimaet al., 2005) Actinobacteriaproduce mycelium, which is
characteristic of filamentous fungBarka et al, 2016) The comparison of
actinobacteriavith fungi is largely superficial. Like other bacteria, they possess
a peptidoglycan cell wall containing its nucleoid ane ausceptible to
antibiotics. Physiologicallyactinobacteriaare aerobic with some exceptions
(Barkaet al, 2016) They can be chemoautotrophic or heterotrophic. They can
acclimatize to various environments, which accounts for them being ubiquitous
(Barkaet al, 2016) They are mostly mesophilievith the ability to tolerate
temperature rangdsetween 2%C-30°C. Thermophilicactinobacterighave also
been reported with growth between °60to 60C (Edwards, 1993)
Actinobacteriggrow best within a pHangeof 6 and 9, althougsomestrains of
Streptomycebave been reported tiorive even on ower pH of 3.5Kim et al,
2003) Members ofactinobacteriaphylum exhibit distinguished metabolic
diversity, hence are of significant medical and industrial importéMakashima

et al, 2005)

Amongst the 18 significant lineages of the bacteria domadtinobacteria

constitute one of the largest taxonomic snitudwig et al, 2012) The
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metabolic, physiological and morphological diversity of genera within the
phylum isenormous. The delineation of this phylum up to genus level is based
on the 163RNA gene sequencing. Additional housekeeping gene sus$sgs
andrpoB have more recently been used to discriminate between closely related
genera(Barkaet al, 2016) The classification o&ctinobacteriabased on the
morphological, chemotaxonomic and metabolic characteristics has been
extensively reviewed(Barka et al, 2016) Morphological classification
involving the wuse of microscopic morphology and chemotaxonomic
classification utilising almrganism'shemical composition has been used in the
delineation into genus and species lgBarkaet al, 2016) Lipid composition,
protein, sugars, menaquinones and cell wall amino acedsome markers used

in chemotaxonomic classification. More recently, the classification using whole
genomebased approaches has been used to classifpbacterigGirardet al,

2013)

The actinobacterigphylumhost a number ahdustrially significantoleaginous
bacteriaVoss& Steinbuchel (200Ieported the ability oRhodococcus opacus
PD630 to produce fatty acid content as mash1.9% of the cell dry weight
when grown in feebatch mode on sugar beet molasses and sucrose media. This
report indicates the potential of TAG@mulation fromRhodococcus opacus
PD630 using lowcost crops. The production of TAGs Bjhodococcus opacus
remains the most widely describsa far Le et al (2017) Mahanet al (2017)

He et al (2017) have discussed extensively the importancé&kbbdococcus
opacusas a potential source for biodiesel production

Gouda et al (2008) investigated the capability ofsordonia spp ard

Rhodococcus opaci®630 to accumulate TAG using gluconate and different

33|Page



agroindustrial wastes generated from the industries in Egypt as a carbon source.
In comparisonsignificant lipid accumulation was observedRropacusabout
80%) at the beginning of stationary phase whilst it was at the e@dritionia
spp (about 72%). In addition,when tested with other agiodustrial wastes
both organisms showed accumulatioh over 50% lipids suggestinthe
suitability of some genera belonging to actinomgsa utilise lowcost wastes
in lipid accumulation.

Rottig et al (2017) describedStreptomycegeddahensisas an oleaginous
bacterium isolated from desert soil. The noS#&kptomycestrain, was able to
accumulate 65 % of its cell dry weight as fatty aeiuith ante iseCis: g, iISO-c1s:

0, C16:0and iseCis : 0as the predominant fatty acidghis strain was able to grow
on a broad range of carbon sowaetemperatures up to D,

ShieldsMenardet al (2015)investigatedRhodococcus rhodochrodisr their
ability to accumulate lipideind found abous0%accumulation ofiry cell mass
as lipids when cultured on glucogemaraet al (2016)discussed the importance
of Rhodococcus jostias a potential feedstock for biodiesel production. The
authos also elucidated theTAG pathway in mycolic acidcontaining
actinomycetes

Alvarez et al. (1997) demonstrated in their studiegbout othergerera in
actinomycetes w&h as Norcardia and Rhodococcusthat can produce
triacylglycerol under nitrogen limiting conditions. Rhodococcus opacus,
Rhodococcus jostii, Rhodococcus fascianStreptomyces coelicolor,
Streptomycesilbus, Streptomycegriseusamongst other actinomycetes have
also been reported to produce a significant amount of triacylglydgyetsrez,

2010; Packter & Olukoshi, 1995)
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1.3.2. Triacylglycerol (TAG) biosynthesis in oleaginous organisms
Triacylglycerols are wateinsoluble triesters of glycerol bound with three fatty
acid moleculegShieldsMenard et al, 2018) TAGs possess high calfid
values exceeding those of proteins and carbohydrates. Therefore, this
characteristic feature makes them efficient energy stores as they release more
energy when oxidise(ShieldsMenardet al, 2018) The accumulation of lipids

in oleaginous microorganisms usually occurs after phospholipid synthesis
during the stationary phase. The accumulation occurs dexicess carbon and
limited nutrient conditions. Various studies have reported that nitrogen
limitation is responsible for the accumulation of lipids by oleaginous
microorganismgAlvarez & Steinbuchel, 2002; Alvare#t al, 1997; Packter &
Olukoshi, 1995; Ratledge, 2004)

In bacteria, the synthesis of TAG occurs via the Kennedy pathway (B)g. 1.
Herein, glycerol3- phosphate (G3P) serves aglygcerol sourcdor acytCoA-
dependent acylation to produce TAG. G3P from glycolysis is catalysed by
glycerol3-phosphatéO-acyltransferase (GPAT) to produce acylglycesol
phosphate. The synthesis of acylglyce&8gdhosphate by GPAT is the first
acylation step. The secd acylation step is catalysed by acylglycedol
phosphatéO-acyltransferase (AGPAT). The corresponding Phosphatidic acid
produced is dephosphorylated by a phosphatidic acid phosphatase (PAP)
resulting in the generation of diacylglycerol (DAG). The fineylation of the
resulting DAG is catalysed by diacylglyceratyltransferase enzyme (DGAT)

to produce TAGAIlvarez, 2016 Combeet al, 2014; Kalscheuer & Steifilshel,
2003)The esterification of these fatty acid with glycerol backbone occurs at the

sn1,sn2, andsn-3 positiongKalscheuer & Steinbiichel, 2003)
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Figure 1.2: Schematic of the Kennedy pathway of TAG biosynthesis.
Abbreviations: FAS (Fatty acid synthesis. DGAT (diacylglycerol
acyltransferase), GPAT (glycerBlphosphate €acyltransferase), AGPAT
(acykglycerot3-phosphate  acyltransferase), PAP  (phosphatidic acid
phosphatase). Adapted frdlvarez, 2016 ; Amarat al., 2016)

Despite the overwhelming benefits of using oleaginous microorganisms as
production platforms for biodiesel production, the cost is [figtevenieau &
Nicaud, 2013)n terms of growth media and other substrates used. Hence, to
sustainably utilise these oleaginous microorganisms for TAG production,
alternative viablecosteffectivefeedstocks need to be consider@drformance
in terms of productivity and yieloh bioprocess has to be furthesnsidered in
choosing oleaginous microorganisms as production hoSikevenieau &

Nicaud, 2013)

1.4. Cassava waste aan alternative substratefor the growth of

oleaginous bacteria in TAG production

1.4.1. Cassava

CassavaNlanihot esculantarantz) also referred to &apiocain France and
yuccain Spanish is a perennial, root tuber crop belonging to the Euphorbiaceae
family. It isoneamongst the 100 different species of the gévhasinot(Parmar

etal, 2017) A native ofSouth America, cassava is now widely grown in tropical
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and subtropical parts of the world. This shrubby perennial crop canugrta

6-8 feet tall and possess subterranean lateral storage organs in the form of
starchy root¢Parmaret al, 2017; Uchechukwaf\guaet al, 2015) Cassava also

has roots which are drougtgsistant offering flexibility in harvesting
(UchechukwuAgua et al, 2015) An image ofa cassava roppostharvestis

shown in Fig.1.3

Figurel.3: Cassava roots pekarvest

Sourcehttps://www.britannica.com/plant/cassava/imaygeos

1.4.1.1. Global significance

Globally assava cultivation was estimated to be over 275 million tonmes
2017 Africa contributes approximately 57% of total world production, with
Nigeria being the largest cassava producer world{#é®©, 2018) On average,
cassavaproduction is estimated to require over 25 million hectares worldwide.
Figure 1.4. Global cassavaproduction in 2017below illustrates the global

production of cassava.
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Figurel.4: Globalcassavg@roduction in 2017A) Leading continents producing
cassavaB) Percentage share odissava produced in the world. C) Top cassava
producing countries. D) Percentage share s$@aaa produced by top producers
(adapted fronFAO, 2018)

The cultivation of cassava is predominantly significant due to its starchy roots
(Agwa et al, 2014) It is estimated that cassava supplies houssfaoiarch
content between 20600 cal/day in most developing countri¢€danchezt al,
2006) They are also considerémlbea good source of Nicotinic acithiamine
and riboflavin(Zhu, 2015) Hence, it ionsidered to be th&" most crucial

calorie source and one of the fastest expanding staple crops worldwide besides
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maize, rice, wheat and potai®armaret al, 2017) In addition to its starch
content, it is advantageous in terms of being a sturdy crop, with high yields and
propagation, enhancing its economic significa(@boh, 2005) Taiwo (2006)
highlighted the importance of cassava cultivation as a potential commercial
product both froma domestic and industrial perspective. The sustainability of
cassava was examined, and the potential impact of cassava for econortiic grow
was highlighted Apataet al. (2018)discussed the imptance of cassava as a
staple fooccropin Nigeria.The authorsnvestigatedcassava's economic impact

in a sample rural areend concludedhat cassavaould be awealth generation
opportunity for most farmers.

Despite the characteristic importance of eass it contains a high amount of
cyanogenic glucosides, i.mtaustalin and linamarin, which produce hydrogen
cyanide (HCN). The production of HCN occurs when the plant tissue is
disrupted during processing and harvesting. These cyanogenic glycosides
produce HCN when hydrolysed by the endogenous enzyme linamarase
(Arotupin, 2007) However, this HCN can be significantly reduced during the

processing of cassay@nabolu et al, 2001)

1.4.1.2. Postharvest handling of cassava

Storage, processingnd packaging of roots are the key strategies in handling
cassava following harvest. Various traditional and modern metinss
adopted in posharvest storage. Storage of crapsgyround is the earliest and
simplest traditional storage methods. However, this method is not as effective
as the lignification of storage root can occur because of the extended storage
period (UchechukwuAgua et al, 2015) Furthermore, some properties and

features of the crop are lost. Burying and pilling of the weate also explored
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which are not completely reliable and can cause crop deterioration. Storage in
plastic bags, boxes and field clamping are some of the improved methods of
cassava storage. Advanced techniques involving refrigerators and paraffin wax
are dher storage methodagereexplored in posharvest cassava storaeeilly

et al, 2003; UchechukwifAgua et al, 2015) to alleviate the issues from
traditional storage methods

The processing of cassava is required almost immediately after harvest. They
can only be stored betweer72lays due to its rapigostharvestphysiological
deterioration (PPDJParmaret al, 2017; Sancheet al, 2006) Postharvest
physiological deteriorationcan be regarded as a nomcrobial primary
deterioration which is swiftly followed by microbial rotting. In cassava, this is
one of the most pertinent deterioration of the tuber (Bapavanaet al, 2016)
Damage to the structure of cassava can also hasten the PPD of the tuber crop.
The first sign of PPD is usually visible oretlylem within 24 hours as a form

of blue streaks. These streaks then turn black witktnddys(Parmaret al,

2017) Cassava PPD can also be attributed to its high moisture content (60 to 75
%, wet basis) and r #kglpat258Q)(bahegchukwat e ( & 2
Aguaet al, 2015) Cassava roots and leaves also contain HCNi (1245 mg

HCN equivalent/kg) which nesdo be removed before they can be consumed
(Hahn, 1992; UchechukwAgua et al, 2015) The irtake of food or water
containing a substantial amount of cyanide can cause acute intoxication and
sometimes leddg to death(Agwa et al, 2014) Furthermore, cassava is not
palatable in its raw formrand has to be processdtiassava processing into
various forms mitigates against the low shelf life, transportation difficulties,

cyanide content, and palatabiliylahn, 1992) The bulkiness of cassadae to
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high moisture contenis another reason for its processing. This adds to the

transportation and market codEdhirej et al,

2017; Hahn, 1992)Various

studies on the processing of cassava have suggested the importance of cassava

processing toenhance its usability. The importance of processing was

extensively critiqued byansz & Uluwadugé1997)

There are different methods for processing cassava. The techniques adopted for

the processing of cassaweere modified and improved over time. These

techniques vary from milling, roasting, fermenting, soaking or seeping, pressing,

drying, grating, slicing, steaming, peeling and boil{highn, 1992)Figurel.5:

Differentderivatives from cassava roshows the different products that ca b

obtained from cassava process{highechukwdAguaet al., 2015).
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Figure 1.5: Different derivatives from cassava roofadapted from

(UchechukwuAguaet al, 2015)
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1.4.1.3. Cassava production in Nigeria

Nigeria is the largest producer of cassava in the world. The cultivation of cassava
is primarily due to the econompmsitionof the nation. With the nation classifl

as alowermiddle-income country, households resort to consuming-dost

staple foods with high caloric valug@nyemauwa, 2010)

Cassava processimgnlead to aesthetic nuisance and environmental pollution.
There are severalaste poducts from cassava processing. Cassava peel and
cassava effluent are the two primary waste products gendbeth, 2005)

These wastes are generated from either the initial stage of processing or at
severaktagedater during the process. During the initial processing of cassava,
the outer layer of the cassava root is removed. This peel contains the thin outer,
brown and thick parenchymatous inner covering, which accounts {8%%0of

tuber weightUzoije & Egwuonwu, 2011)

In Nigeria, it is estimated that about 450,000 tons of cassava peels are generated
annually(Agwaet al, 2014) These peels obtained from cassava processing are
usually indiscriminately discaedl or allowed to rot on field€Oboh, 2005)
leading tosignificant environmentalamage Cassava wastewater or effluent is

the second primary waste generated from cassava processing. It is estimated that
the 23n3 of wateris required per tonne of cassava proceg$klinade &
Adekalu, 2013)This is lost further down the processich Washing of the tuber

and squeezing of cassava paste accounts fon#j@ consumption and loss of
watercausingseveral environmental concerfigbalua, 2007)

This effluent contains a host of inert materials, high contaminating load of
chemical oxygen demand (COD), biological oxygen demand (BOD) and

cyanide which could @gse grave environmental problems when they are not
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adequately discardd@®ghenejoboh, 2015Furthermore, the study on the effect

of discharge of cassava wastewater on soil carried olgdmjuo et al. (2013)
elucidates the alterationf soil's physicochemical propertieOghenejoboh
(2015) also concluded that the dissolved oxygen (DO) in pond water invariably
depletes due to cassava wastewater discharge into ponds. In addition to depleted
dissolved oxygenirimoro et al (2008)reported an elevation in nitrate values,
biological oxygen demand aradreduction in pH values of tropical streams in
Southern Nigeria, which have been affected by an indiscriminate discharge of
cassava wastewater. Cyanide is an important contanpresgntn both wastes

from cassava processitiggwa et al, 2014) It was inferred byBengtsson&

Triet (1994)that the average cyanide content in untreated cassava effluent varies
between 3.2 to 3.5mg CN/L. The presence of cyanide in cassava waste prevents
the activities of biological agents in its dedasion(Olayiwola, 2013) Cyanide

has been implicated in various health and environmental problems caused by
improper disposal of cassava wagBkunade & Adekalu, 2013)t has been
reported that evera low concentration of cyanide consumedn have a
deleterious effect on huma(@naboluet al, 2001) Diseases suds Cretinism
Syndrome, Endemic Goiter ahéber'Optical Atrophy have been suggested to

be caused by cyanid@&gwaet al, 2014) Oghenejoboh (2013)Iso inferred an
increasen pond water acidity due to high cyanide content from cassava waste.
Despite the dangersassava wastewatsroften discarded into roadside ditches

or onto fields in Nigeria, where they are allowed to flow into water bodies or

percolate into the groundgwaet al, 2014)
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1.4.1.4. Cassava wastalue-added products

To mitigatethe indiscriminate discharges of waste from cass#évare is an
immediate need for saf@aste disposal options. Alternativelyassava waste
effluent can be used itine generation oflifferent valueadded products. The
burying of sealed bags containing solidste residues in pits and ground is
currently utilised to create a vahkagldedproduct from this waste. The anaerobic
conditions created in these bags can allow the growth of lactic acid bacteria
during fermentation. Fermentation of solid residues suctaasava peel can
enhance thesgaste'sligestibility, easing its utilisation as poultry and pigs feed.
Tweyongyere &atongole(2002)demonstrated in their article, the potential for
cassava peels to be used safely as animal feed. They reported reduced cyanide
content at various time intervady way of processingrherein, it could also be
concluded that cyanide content could be sigaiitly reduced during
fermentation of cassava peels. This will decrease the negative impact of this
waste if they are to be discarded.

The use of cassava waste effluent is still a niche area, which needs exploration.
Thereis potential to generatealueaddedproducts frontassava waste effluent
such as biosurfactantsNitschke & Pastor¢2006)described the synthesis of
biosurfactants byBacillus subtilis LB5a ushg cassava waste effluent as
substrateCostaet al (2010)reported rhamnolipid applications produced from
Pseudomonaaeruginosal2-1 as surfactants when cassava effluent was used
as a substrate for growth. Cassava waste effluent has also been suggested to
support other bactetiastrains in their growth for various end purposes.
Francisco Fabio Cavalcante Barros (2018)estigated enzyme production

capability ofBacillussubtiliswhen grown on cassava wastewake his finding,
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he concluded that the strains cultured on cassava wastewatesuiiigle
amylase and protease producansl werea better option for the production of
these enzymes than synthetic media.

1.4.2. Microbial diversity studies on cassavavastewater effluent

The stuly of microbial diversity has become imperative due to the significance
of microorganisms in thearth'ssiota. Microorganisms underpin vital processes,
maintain complex relationships between themselveso#tmetr higher forms of
life. Furthermore, they represent a significant proportionlifefs genetic
diversity( Sal monov § & BMicnobid diverSity is inthdnge) yet
themajority still remairs unearthed from different ecological nich€sirrently,
about 1.8nillion eukaryotic and 7031 prokaryotic species have bescorited.

At the same timei is estimated that over five to ten folds more specieyeire
to beidentified (Alain & Querellou, 2009) This gap in knowledge of existing
earth microbiota is mostly due to the inability to codt most organisms using
current techniquegColwell, 1997) The assessment of microbial diversity
describes the qualitative variations between organisms in a consortium.
Knowledge of this diversity helgs exploit the untapped reservoir of microbial
resources useful to maiHill et al, 2000) Over the last decade, different
methods and approaches have been introduced to investgapéexmicrobial
diversity. These methods are based on artificially recregtiogyth conditions

to isolate target microbes or the direct inigesion based on the gene sequence
comparison (homologue, orthologue, or paralogue gene sequdhrtikt al,

2000)
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1.4.2.1. Culturedependenapproach in diversitgtudies

The culturedependent method involves the use of inoculum and incubation of
growth media to obtain a pure culture of singfecies from environmental
samples. These media are fortified with basic nutrients needed for the growth of
the target microbial camunity. This approach has been the method of choice
for over a century in bacterisolation anddetection. It provides benefits
including purification of single strain and amplification of its genetic material.
Thus, resulting in the characterisatiordofct descendan(glain & Querellou,

2009 Mandal et al, 201). A wide range of bacteria from environmental
samples can bisolated byusing selectivanedia. A targegroup'sisolation
requires media containing specific nutrient composition, selegtitrenicrobial
agent, andsuitableenergy source. In other words, the intrinsic selectivity of
media defines the diversity of bacteria which can be obtained from different
environmental nicheqStaley & Konopka, 1985)However, the strategy is
plagued with the growth of organisms tlgabw faster in the dected media
culture. This, therefore, gives a false representation of the actual microbial
community (Skinneret al, 1952) Challenges hindering the success of this
strategy have also been associated with the choice of growth medium. The
choice of nutrients, concentrations of these nutrients and the prevention of co
precipitation of chemicals introduced requireefal consideration. Thyghe
design of growth media remains challenging. Furthermore, this method is time
consuming as it requires considellaamount of dayso propagatesolateson

the desired mediaDespite the flaws associated with this method, cultivation
methods still remains pivotal for obtaining pure isolate of commercial

importancl Sal monov8 & Bunegovs§, 2017)
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1.4.2.2. Cultureindependenapproach in diversity studies

Due to the limitations of the cultiidependent method of characterising
microbialdiversity, the cultureindependenapproachas gained prominence in
characterising unknown and uncultivable microorganisms. Culihaiependent
studies exploit the direct extraction, quantification and identification of nucleic
acidsfrom environmental saples(Kirk et al, 2004) This method, particularly
those involving polymerase chain reaction (PCR), mediated amplification of
target genes such as clone libraries, quantitative PCR (qPE€m)jnal
restriction fragment length polymorphisms-RFLP), restricton fragment
length  polymorphisms (RFLP), denaturing/temperature gradient gel
electrophoresis (DGGE/TGGE) and metagenomics have been important in the
assessment of microbial communities. These techniques analyse the rDNA or
rRNA which form a part of the rdsome. In bacteria, the 16S rDNA has proved

to be most informative in the investigation of evolutionary relatedness. The
small subunit (SSU) rDNA molecules are predominantly significant in these
studies because they are universally found in all life fofirhe.amplification of

SSU rDNA molecules using the PCR is relatively easg can be rapidly
sequenced The 16S rDNA moleculgpossesse both variable and highly
conserved regions. Therefore, based on the differential sequence evolution rate,
phylogenetic relatedness can be determined at several hierarchical levels. Some
proteincoding genes such as metltglenzyme M reductasen€rA) (Viannaet

al., 2009) sulfate thioesterase/thiohydrolaggoXB) (Chen et al, 2009)
ammonia monooxygenagama?) (Chenet al, 2009; Shravaget al, 2007)
ribulosel,5bisphosphate carboxylase/oxygenase (RuBis@Ohen et al,

2009) have also ben utilised in the microbial communitgtudies Non-PCR
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based approaches such as fluorescence in situ hybridisation (FISH) and
Microarrays have also proved to be useful in probing microbial community
dynamics and diversity.

Elijah et al (2014) reported the presence of 26 bacterial species in cassava
wastewater utilising culturebased andon-culturebasedapproaches. lihis
finding, he observedactadoacillus fermentunandL. plantarumwerethe most
dominant species with 11.1% and 10.7% coverage, respectively. This finding
supports thé.actdbacillus predominancasreported byAvancini et al. (2007)

in cassava waste. This study thus provides substantial information supporting
the vast abundance of bacteria present in cassava wastéWat&rdone on
cassava wastewater has been centred mainly on elucidating cassava wastewater
properties and the production of biomolecules using cassava waste as substrate
(Nitschkeet al,, 2004; Nitschke & Pastore, 200@ostaet al, 2010)

Currently, to the best of our knowledge, theves no work done to date
investigating microbial diversity from different processing effluents of cassava.
The potential of oleaginous bacteria in the utilisation of casaasteeffluent

for growth was alsoot reportedso far

1.4.3. Physiological and functional assessment of microrganisms from
cassava waste

Holistic knowledge ofunctional aspects of dominant microbeshin cassava
effluent is vital in inferring their potential, especially in biodiesel prdiduc

The use of phenotypic and genotypic methods basedpoityphasic approach

for bacterial classificatiowas adopted to assess the function of cassava isolates
in this study The phenotypic methods are those which do not involve

DNA/RNA sequencing. Tis method is based on themorphological,
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biochemical and physiological propert@fdsolategSarethyet al., 2014) These
properties include the potential of cassava organisms to grow at different
temperatureange, salinity, pH, growth in the presence of various nitrogen and
carbon sources, production of multiple enzymes and growth in the presence of
antikmicrobial agents. Thisapproach also provides information on the
organisn's characteristics (cell shapeydinsion, motility, growth rate and spore
formation). The genotypic methods utilise DNA or RNA techniques to provide
information on an organisniSarethyet al, 2014) This genotypic method
provides information on the potential of microbes corresponding mostly to the
presence or absence of particular functional genes or pathway in the microbe's
genomgEscalast al, 2019)

Besides the genome content in relation to gene, genotypic traits involving 16S
rRNA gene copy number, effective genome size, number of genes per genome
and GC content are some other properties which have been used to gain more
knowledge on microbe¢Barberaret al, 2012; Fiereet al, 2014; Goberna &
Verdu, 2016)

Currently, there is a less understanding of diversity studies on cassava effluent

and the potential of utilising such functional diversity in biodiesel production.
1.5. Aims and objectives

Overall aim

The aim of thisresearchproject isto investigate the metabolic potential of

oleaginous actinomycetes in the production of biodiesel, utilising cassava

wastewater as a substrate.
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Specfic objectives

U To utilise culturedependent and independent strategies to investlgate
microbial diversity in cassava wastewater effluent obtained from
different processing points, witittinobacteria as the target phyla.

U Phenotypic characterisation and FAM&salysisas a tool taeveal the
characteristic features abvel oleaginoustrains from cassava effluent

U0 To hypothesize theunctional aspects ofindigenous novel species
obtained from the cassava effluent in the production of biodiesel

0 To explore the TAG accumulation potential of novel species.
highlighting the potential pathwaythat may play a rol@a thesynthesis

of TAG
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CHAPTER 2: Culture-dependent and
Independent approach to investigate the
actinobacterial diversity in cassava

wastewater effluent
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2.1. Introduction

The processing of cassava results in the creation of a considerable amount of
waste effluent. In Nigeriagassavas a staplecrop which is drought and pest
resistancemaking it lucrative in mass cultivation (Oboh, 20a3¢nce there is

a largescalecultivation andsubsequenprocessingfor enduse The waste
generated in cassava processing is being indiscriminately discardetb due
ineffective waste management (Oghenejoboh, 2015).

Actinobacterighave been widely reported for their oleaginous propertieg{Le
al.,, 2017; Voss & Steinbuchel, 2001). The exploration of oleaginous
actindoacteria for biodiesel productidrom cassava effluent is an aspect, which
is yet underexplored Therefore,one of the objectiveof this studywas to
explorethe microbial diversity in cassava wastewater effluent obtained from
different processingamplepoints, withactinobacteria as the @et group. This
informationcan lead tdurther investigations into the role of cassava effluent in
biodiesel production.

Previousresearch on cassava waste b@sn carried out by Elijaét al (2014)

and Miambiet al (2003). Elijah et al (2014) investigated the molecular
characterisation of bacterial species from casseastewater in comparison
with cassava peelMiambi et al (2003) investigated the diversity within
fermented cassava dough using culdependent and independent appheac
Lactdbacillus, Pediococcusspecies as well as species @flostridium,
PropionibacteriumandBacilluswere the dominant genera observed.

The culturedependent and independent approach we used in current research

targetsactinobacteria as the functional group for the end purpose.
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2.2. Materials and methods

2.2.1. Cassava waste effluent sampling

Cassava wastewater (CWW) sample was collected from 4veageacessing
companies located in southwestern Nigeria. Fig.2.1 shows the geographical
location of the sample collection. Samples were obtained from three companies
producing cassava flakeGdrri) (Oxford Foods Ikar@koko, Bilatrade food
processing Addekiti and Reputable food and allied processing company Ado
Ekiti) and one company producing cassava flour (Matna foods Eanwm

Ondo State). Details of sample locations are shown in ahl&anples were
aseptically collected in sterile tubes, frozen and transported to the University of
Nottingham on dry ice. Upon arrival, pH was determined using the Mettler
Toledo pH meter. Samples were aliquoted into 15ml tubes and ste@fcat

freezer (In@sit) for further analysis.

|||R:|||\'..'-l-0.|| """ :
h oy

Figure2.1: Geographical location of samples collected in Nigé&dapted from
https://maps.mapaction.org/dataset/2P893/resource/28f4d75a8c34e33
b94f4cbb8e37e610
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Fig. 2.2 below illustrates the stages in which samples were collected from
within the four companies.

CASSAVA PROCESSING (GARRI)

Harvest
SAMPLE A

I = POINT 1
Peeling and washiﬂ(

Grating
1 SAMPLE

POINT 2

Fermentation
| SAMPLE

Pressing /I/ POINT 3
]
l
]
l
l

| |
Sifting

[ ]
Frying

Cooling
| |
Sieving

Garri

— — — — — — — — — —

CASSAVA PROCESSING (STARCH)

Cassava roots

Peeling and washing

Grating

Mixing with water

Filtering

Starch washing

Settling

Drying

Milling

Cassava starch

| |
| |
| |
| |
| |
| Setting |
| |
| |
| |
| |
| |

Figure 2.2: Cassava wastewatprocess showingamplingpoints (A) Garri
production process showing the sampling poilt&stewater samples were
collected from the washing, fermentation and pressing stages of 3 separate
cassava proceslg companieqOxford Foods Ikar@akoko, Bilatrade food
processing Addekiti, Reputable food and allied processing company-Ado
Ekiti) (B) Cassava starch production: Wastewater sample was obtained from a

pool of all production processing stepsMatna foodscompany.
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Table2.1: Cassava waste effluent sample collection points

Fermentation stag

washing stage (CWE)

Pressing stage (CPE)

Culmination of all

company AdeEkiti

(garri processing)

(CFE) effluent (CME)
Oxford Foods lkarekoko sample 1 sample 2 sample 3 -
(garri processing)
Bilatrade food processing Adekiti | sample 5 sample 6 sample 7 -
(garri processing)
Reputable food and allied processi sample 8 sample 9 sample 10 -

Matna foods BenikDwo, Ondo State

(cassavatarch processing)

sample 4
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2.2.2. Culture-dependent analysis of cassava wastewater effluent

2.2.2.1. Selective isolation and genotypic identification of bacterial

isolates.

Isolation studies were carried out using five different culture media such as
Starch casein agar (SCA), Humic vitamin agar (HVA), Arginine glycerol salt
agar (AGS) Yeast Malt Agar (YMA) anGlycerine Asparagine agar (GA)
targeting oleaginous microorganisinslonging toactinobacteriaAll samples

from different companies were subjected to the same isolation procedures.
Starch casein agavas prepared by dissolving 10 g sifluble starch, 2 g of
KoHPQy, 2 g of KNG, 0.3 g of casein, 0.05 g of Mg$@H.0, 0.@® g of CaCQ

0.01 g of FeS@7H,O and 18 g of agar ih000 mlwater and pH was adjusted

to pH 7.3 (Mohseniet al, 2013) Humic Vitamin agar was preparday
dissolvingl g Humic acid, 0.05 g MgS04.38, 1.7 g KCI, 0.5 g N&dPQy,
0.01g FeS@7 HO, 1 gCaCh, B-vitamins (0.0005 g each of thiamirdCl,
riboflavin, Capantothenate, inositol, Niacin, pyridoxiraminobenzoic acid,
and 0.00025g of biotin), 18g agar, in water 16tiGand pH was adjusted to 7.4
(Jianget al, 2013). Arginine glycerol salt was preparkey dissolving1.0g
arginine monohydrochloride12.50g glycerol, 0.001g MnSO46{ 0.001g
ZnSQO.7H0, 0.001g CuS@5H20, 1.0g KHPQy, 0.010g Fe(SQi)3.6H0, 0.5g
MgSQi.7H0, 1.0g NaCl, and 15.0g of agar, 1900 ml water andpH was
adjusted to 7.3. (ENakeeb & Lechevalier, 196315A agar was preparelly
dissolvingl.0gAsparagine, 10g glycerol, 1g dipotassium phosphate, and 10g of
agar in 1000l distilled water, pH was adjusted to 7.3nlltrace salt solution
(Trace salt solution: 0.1g FeS0O4, 0.1g MnClI2, 0.1g ZnS04) (Zhang & Zhang,

2011) Yeast Malt extract agar was preparetly dissolving4g Yeast, 4g
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Dextrose, 10g malt extract and 159 of agdr@80 miwater angpH was adjusted

to 7.3 (Jianget al,, 2013)

Antibacterial and antifungal supplementation of post sterilised media
carried out by supplementing media with 50pg/MNalidixic acid, 50ugml
Novobiocin, 25ughl Nystatin and Bl 0.1% CyclohexamideSerial dilutions

of CWW sample were prepared by dilutingril of CWW sample in 9nl of
ringer's solution(Bora et al, 2015). Dilutions were made from £0t010°.
Following dilution, 200 pl of each dilution waspread aseptically on triplicate
plates in the lass Il microbiological safety cabinet (Bioquell, UK).
Subsequently, plates were incubated at 28°C for three weeks (Sanyo Incubator).
Single colonies from each dilution were further purified to get a singtare,

by subculturing on Tryptone soya agar (TSA) (Oxoid, CM0131) and incubated

further for 3 days.

2222, DNA extraction from cassava effluent isolates

DNA was extracted from threday-old biomass of purified single colonies
grown in TSA broth (Oxoid, CM0129Briefly, DNA extraction was carried out
by following the protocol of Legras & Karst (2002nl culture was centrifuged
at 6000 rpm(5600 xg) for 5 minutesin an Eppendorf tube. Supernatant was
discarded and pellet was-sespended in 400 pl of lysis buffer (Tris 10mM, pH
7.6, EDTA 1 mM, NaCl 100 mM, Triton 200, 2% w/v, sodium dodecyl
sulphate (SDS) 1% wl/v), 0.6g of glass beads and 400 pl of
phenol/chlorobrm/iscamyl alcohol (25/24/W/v). The mixture was vortexed
for 4 minutes. Following vortexing, 200 ul of buffer Tris EDTA (pH 8.0) was
added. The mixture was centrifuged at 690® (5600 xg) for 5 minutes 400

pl of the aqueous layer was added to 50@hloroform isoamyl alcoholThe
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mixture was agitated slightly and centrifuged fom@nutesat 13,300rpm
(12,700 xg). To the aqueous phase, two volume of 100% ethanol was added.
Mixture was finally subjected to anbnutes centrifugation at 13,300pm
(12,700 xg) The nucleic acid pellet was dissolved in Qiagen (QIAquick PCR)

elution buffer (30 pl).

2.2.2.3. De-replicationand actinobacteria specifRCR amplification of

isolates

2.2.2.3.1 Dereplication of isolat®

To dereplicate similar clones of the same culture, repetitive extragenic
palindromic (REP) PCR was carried out using REP primers ReplRI:
iliCGIGCICATCIGGC and Rep2l: iCGICGTATCIGGCCTAC (De Bruijn,
1992). A 50 ul PCR reaction mixture containing 5 pl of 18R Buffer
(containing 15mM MgCI2), 1 ul of 200 uM dNTP, 2 ul of 20 uM of both
primers, 1 ul of DNA template38.75ul of nucleasdree water and 0.25 pl of
2.5unit Taqg DNA polymerase Bioline) was set upThe polymerasechain
reaction was performed withitial denaturation for 1tinutesat 93C followed

by 28 cycles of Ininute denaturation at 9&, 1 minute annealing at 4C and

8 minutes extension at 6%. A final elongation step was done aP@5or 16
minutes The amplified refPCR genomic fingerprint fragmentgererun on a
1.5% agarose gel containing 5ul ethidium bromide. Gels were electrophoresed

at 100 V for 5 hours in 1x TAE (Boet al., 2015)

2.2.2.3.2 PCR amplification of 16SRNA gene:
The dereplicated isolaswere amplified by usingniversal PCR primers: 27F,
5-NGAGTTTGATCMTGGCTCAG3 Nj and 1525R,

AAGGAGGTGATCCAGCG3 (Downeset al, 2000) generating1500 bp
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fragment from isolated genomic DNA. PCR amplification was carried out in a
Techne TG512 Thermal cycler. In all tubes, a 50 pl reaction mixture consisting
of 5 pl of 10X PCR Buffer (containing 15mM MgCI2), 1 ul of 200 uM dNTP,

2 ul each from 20 uM of botlprimers, 1 pl of DNA template38.75u of
nucleasdree water and 0.25 pl of 2.5ufiag DNA polymerasgBioline) was

set up The polymerasehain reaction was performed with initial denaturation
for 3 minutesat 98C followed by 38 cycles of 30s denatuoat at 95C,30s
annealing at 4& and 90s extension at°@2 A final elongation step was carried
out at 72C for 10minutes Amplified PCR product was separated on a 1.5%
agarose gel electrophoresis containing 5ul ethidium bromide. Gels were
electrophoresat100 Vfor 40minutesin 1X TAE buffer. Gel was scanned in

a Gel Doc 1000 apparatus (UVP, Gel Bibbonaging system)Amplified PCR
product was purified using QIAquick PCR Purification Kit (Qiagen) according
to manufacturer's instructions. PCR product was checked again for purity
and yield ornl.5% agarose gel electrophoresis containipbeghidium bromide.

DNA corncentration was estimated using the Nanodrop (Nano Vue plus).

2224, PCR purification, sequencing and analysis

Purified PCR product was sent for Sanger sequencing at Source Bioscience
Genomics Service, UK. A BLAST (Basic Local AlignmeB8earch Todl
analysis wasarried out to compare gene sequences with nucleotide sequences
from NCBI databases. Sequences \ligbhighest similarity were obtained from

the GenBank database and were aligned using ClustalW multisequence
alignment program in the MEGA 7 (Kumaat al, 2016). Phylogenetic

relationship was inferred usingeighbousjoining tool in MEGA 7 software
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package (Saitou & Nei, 1987). Phylogenetic trees were constructed using 1000
bootstrap values.

2.2.3. Culture-independentanalysis ofcassava wastewater effluent

2.2.3.1. Sample peparation
Aliquot of samples from each stage of processing was obtained-20i@,
thawed and vortexed. A 4l suspensiorof each sample wasentrifuged at

14000 rpm(13,440 xg)or 5 minutes for cell pelleting.

2232 Community DNA extraction

Community DNA was extracted directly from the cassava effluent samsplg

the DNeasy Blood and Tissue extraction kit (Qiagen, USA). Protocol was
followedperma n u f a anstuctiens Sammples were rsuspended in 200ul

1X Phophate buffered saline (PBS). Following suspension in PBS, 20ul
proteinase K was added. Buffer AL (200 pl) veakledand tubes were vortexed
thoroughly for 5 minutes. Tubes were incubated &€36r 10minutes For each
tube, 200 pl absolute ethanol wakdad and vortexed thoroughly foninutes
Samples were transferred into spin columns provided by the manufacturers for
binding the precipitated DNA to column. Samples were washed with 500 pl of
two buffers AW1 and AW2 respectively before eluting ini8%f AE buffer.

DNA was confirmed on a 1.5% agarose gel electrophoresis containing 5pl
ethidium bromide. Gels were electrophoreseti0& Vin 1X TAE buffer for 40
minutes Gel was scanned in a Gel Doc 1000 apparatus (UVP, GelitDoc

imaging system) (Borat al., 2015).
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2.2.33. Nestedpolymerase chain reaction with universal primers and

actinobacterial specific primers.

Following DNA extraction from CWW, nested PC&sing two primer sets
universal primers and actinobactersglecificprimers were used @amplify the
target gene fragment . Uni versal
AGAGTTTGATCMTGGCTCAG3 N;j and 1525R,
AAGGAGGTGATCCAGCG3 (Downeset al, 2000) vere initially used to
amplify 1500bp fragment from CWW community DNA. PCR amplification
was carried out in @echne TE512 Thermal cycler. A 50 pl reaction mixture
was preparedonsistingof 5 ul of 10X PCR Buffer (containing 15mM MgCl2),
1 pl of 200 uM dNTP, 2 pl each from 20 uM of both primers, 1 ul of DNA
template 38.75ul of nucleasdree water and 0.25 pff@.5 units ofTag DNA
polymerase.The polymerasechain reaction was performed with initial
denaturation for Bninutesat 95C followed by 38 cycles of 30s denaturation at
95°C,30s annealing at 48 and 90s extension at°l2 A final elongation step
wascarried out at 7Z for 10minutes Amplified PCR product was separated
on a 1.5% agarose gel electrophoresis containipgebhidium bromide. Gels
were electrophoresed 400 V for 40 minutesin 1x TAE buffer. The gelwas
scanned in a Gel Doc 1000 appasa(UVP, Gel Dodt imaging system)
Amplified PCR productsvere purified using QIAquick PCR Purification Kit
(Qiagen) according to manufacturer's instructions. Purified PCR product was
checkedon anagarose gel as earlier stat&dNA concentration was émated
using the Nanodrop (Nano Vue plus).

Amplicon obtained from universal 1668RNA primers was utilised as the
template DNA fomestedamplificationof a650bp fragmen{Boraet al., 2015)

using actinobacteria specific primers SAACT-

76|Page



235: 5NICGCGGCCTATCAGCTTGTTG -ACTI3aNB: and

5NICCGTACTCCCCAGGCGGGa, 2@08). THe Sdactianwas
carried out in a 50 pl reaction mixture containing 5 ul of 10X PCR Buffer
(containing 15mM MgG), 1 pl of 200 uM dNTP, 21l each from 20 uM of both
primers, 1 ul of DNA template38.75ul of nucleasdree water and 0.25 pl of
2.5 units ofTag DNA polymerase. Amplification was performed anrechne
TC-512 Thermal cycler with initial denaturation fonbnutesat 99C followed

by 30 cycles of 45s denaturation af@315s annealing at 80 and 45s extension

at 72C. A final elongation step was carried out att@Zor 10 minutes
Amplified PCR poduct was separated onagarose gel d00 Vfor 40minutes

in 1x TAE buffer.The gelwas scanned in a Gel Doc 1000 apparatus (UVP, Gel

Doc-it imaging system).

2.2.34. High-throughput sequencing and analysis

Theuniversal 16§ RNA and actinobactéal amplicon vereused separately to
infer the diversity of CWW communitylemplate from 16S rRNA and 650 bp
fragment amplified from actinobacterial specific primers was used as a template
for amplicon sequencingPrimers3 4 1 F-CCTACEGGNGGCWGCAG3 Nj)
(Klindworth et al, 2013) and 806R5(-BGACTACVSGGGTATCTAAT3 Nj)
(Yergeauet al, 2015) targeting the variable regions (V3) were used for
cultureindependerdginalysisAll PCR reactions were carried out with Phusion®
High-Fidelity PCR Master Mix (New England &abs). The lon Plus Fragment
Library Kit 48 reactiong(Thermo Scientific) was used to generate sequencing
libraries based on manufacturer's recommendations. The Qubit@ 2.0
Fluorometer (Thermo Scientific) was used to assess the quality of Library

produced.The lon S5TM XL platform was used to sequence libraries. A 400
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bp/600 bp singlend reads was generated. Sirghel reads were subjected to
guality control. The Uparse software (Uparse v7.0.10@k) used in performing
analysis of sequences usingedfective tags. OTUs were assigned to sequences
with O097% similarity. Representative
further annotation. For each representative sequence, Mothur software was
performed against the SSUrRNA database of SILVA Databasesgdecies
annotation at each taxonomic rank (kingdom, phylum, class, order, family,
genus, species) with Threshold of 0.8~1. MUSCLE (Version 3.8.31) was used
to obtain the phylogenetic relationship of all OTUs representative sequences by
comparing multipg sequences rapidly. A standard of sequence number
corresponding to the sample with the least sequences was used in normalising
OTU abundance information. The output normalised data was subsequently
used for alpha and beta diversity analysis. Two indiceewsed to identify
community diversity: Shannorthe Shannon index; Simpscthe Simpson
index. Beta diversity analysis was used to evaluate differences of samples in
species complexity. Cluster analysis was preceded by principal coordinate
analysis (PCA) and Unweighted Paigroup Method with Arithmetic Mean

(UPGMA).

2.3. Results

2.3.1. Cassaa waste effluent sampling

Cassava effluent sample was obtained from compasidescribed imable2.1.
The averagepH for each sampling point was recorded as seehalrie 2.2
below. Three ample point$or each company processing cassava flakelsone

sample point for cassava starch was reflected
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Table2.2: Average pH readings from each processing effluent.

Company CWW sample point | Average
pH

Oxford Foods lkar@akoko 1 Washing 3.74:0.1

(garri processing)

Oxford Foods Ikarekoko 2 Fermentation 4.21+0.1

(garri processing)

Oxford Foods lkarekoko 3 Pressing 3.50t0.1

(garri processing)

Matna foodBeninOwo, Ondo State |4 Cassava starc 4.04:0.09

(cassava starch processing) effluent

Bilatrade food processing Adekiti 5 Washing 3.90:0.06

(garri processing)

Bilatrade food processing Adekiti 6 Fermentation 3.850

(garri processing)

Bilatrade food processing Adekiti 7 Pressing 3.76t0.1

(garri processing)

Reputable food and allied processi 8 Washing 4.64 0.7

company AdeEKiti

(garri processing)

Reputable food and allied processi 9Fermentation 4.47+0.6

company AdeEKiti

(garri processing)

Reputable food and allied processi 10 Pressing 4.32+0.5

company AdeEKiti

(garri processing)
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2.3.2. Culture-dependent analysis

2.3.2.1. Isolation ofindigenous microorganisms

Culture media were supplemented with Nalidixic, Novobiocin, Nystatin and
Cyclohexamide as Antibiotics and Antifungal supplements with actinomycetes
as the primary targets for isolation. Isolation on all agars showed sparse growth
on the 10 dilution for all media. Fig. 2.3 shows the colony growth data from
each samjohg pointsand on media used.
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Figure 2.3: CFU/ml of bacteria from each sampling point on different agar
media.SCA- Starch casein Agar, HVAHumic Vitamin Agar, AGS Arginine
Glycerol Salt, YMAYeast Malt Agar, GAGlycerineAsparagine agar. Key: (1
= Washing effluent from companyQxford Foods)2 = Fermentation effluent
from Oxford Foods, 3 = Pressing effluerftom Oxford Foods, 4 = Cassava
starch effluenfrom Matna foods, 5 = Washing effluent fronBilatrade food
processingompany, 6 = Fermentation effluent froBilatrade food processing
company, 7 = Pressing efflueritom Bilatradefood processingompany, 8 =
Washing effluent fronReputable food and allied processjrj= Fermentation
effluent fromReputable food and allied processjid = Pressing effluefitom
Reputable food and allied processingerror bars depict standardgviation

within samples.
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AGS proved the most appropriate media for enumeration of bacterial isolates.
This media provided the highest count of 4.6xdd@lony-forming unit across alll
sampling points in comparison with SCA, HVA, GA and YMA, which had 2.6
x10%, 3.6 x1d, 3.4 x1d and 1.6 x16colony forming units peml respectively.
Samplepoint 3 (pressing stage) contained the highest count for indigenous
bacteria with 3.1 x10 Sampling point 9 had the lowestlony-forming unit
across all sampling pointgith 2.9 x16. Between the two cassava processes in
which samples were collected, the cassava flakes pfgeesshad a higher
microbial load when compared with cassava starch processing. The average
indigenous bacteria load was 1.7 %16assava starctgnd 3.2 x10 (cassava
flake).

The trend in bacterial distribution amongst cassava flake processing was
observedAs seen irFig.2.4below, the microbial load was relatively highan

the effluent from the pressingnd washing stageslso, for all companies 1,2

and 3 processing cassava flakes, the microbial load was lowest in the waste

effluents obtained during fermttion.
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Figure2.4: Distribution of bacteria load in companies processing cassava flake
(Garri).A) Bacterial load company(Oxford Foods) B) Bacteria load company
2 (Bilatrade food) (C) Bacteria load company(Reputable food and allied

processing)
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2322 Dereplication ofsolates from CWW and 16S sequence analysis
Preliminary dereplicatiorbased ormorphological criterion and unique REP
fingerprint patterns (Fig.2.5), 8 different isolates (Fig. 2.6) were chosen to be
sequencedlhese isolates were chosasthey possess uniqiREPfingerprints
delineating isolates frorather stains obtained fro@WW. Isolated DNA was
amplified using universal 16 RNA primers to obtain a 150p fragmentPost
sequencing, blast search and alignment with relategesess from databases
confirmed the identity withmembers of theStreptomycesMicrococcus
Micromongspora Bacillus Lactdbacillus, StaphylococcyOceandacillus and
PseudomonasTable 23 represents the resslindicating the groups in which
isolates were obtained@acillus was the mosfrequently encounteredenus.

This was represented in all samngl points irrespective of media used
Micromonosporavas the most dominagenus retrieved frorBCA present in

7 out of 10 samples investigated. Interestingly, although AGS media had the
highest microbial load, time were nactinobacteria observe@A indicated the
highestactinobacteriadiversity as it revealed the presencééromonospora

MicrococcusandStreptomyces
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Figure2.5: 1.5% Gel image showing REP PCR fingerprint patterns obtained from morphologically distinct isolates using RepIR anidiRep?2| p
Image AB,C illustrates REP fingerprint from distinct isolates of S@GX and AGS while image D illustrates REP fingerprint from YMA and
HVA.
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Figure 2.6: Image of agar plates showing thmepresentative morphology of isolates sequendddPseudomonadd) StreptomyceC)

StaphylococcuB) Micrococcusk) Micromonosporar) Lactdbacillus G) Oceandracillus H) Bacillus
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Table2.3: Representative origin of each genus from respective selective isolation media as identified by 16S rRNA sequence result

Samples HVA SCA GA YMA AGS

1 Washing| Bacillus Micromonospora, Bacillus Micromonospora, Bacillus Bacillus

(Company 1) Bacillus

2Fermentation | Bacillus Oceanobacillus, Micrococcus, Bacillus | Micrococcus, Lactobacillus, Bacillus
(Company 1) Bacillus,Micromonospora Bacillus

3 Pressing Bacillus Micromonospora, Oceanobacillul Micromonospora, Bacillus Lactobacillus,Bacillus,
(Company 1) Bacillus Bacillus Oceanobacillus

4 Cassava starg Bacillus Micromonospora, Oceanobacillu| Bacillus Micrococcus, Bacillus

effluent Staphylococcus, Bacillus Bacillus

(Company 4)

5 Washing| Oceanobacillus,| Micromonospora, Bacillus Bacillus Lactobacillus, Bacillus
(Company 2) Bacillus Oceanobacillus,Bacillus

6 Fermentatior| Bacillus Oceanobacillus, Bacillus Bacillus Bacillus Lactobacillus, Bacillus
(Company 2)

7 Pressing Bacillus Bacillus Bacillus Micrococcus, Lactobacillus, Bacillus
(Company 2) Bacillus

8 Washing| Bacillus Micromonospora, Bacillus Bacillus Bacillus Bacillus

(Company 3)

9Fermentation | Bacillus Pseudomonas, Bacillus Bacillus Bacillus Lactobacillus, Bacillus
(Company 3)

10 Pressing Bacillus Micromonospora, Pseudomong Streptomyces, Bacillug Bacillus Bacillus

(Company 3) Lactobacillus, Bacillus
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2.3.2.3. Phylogeneti@analysis

16S RNA genebased phylogenetic analysis waaried out on selected type
strain sequences obtained from the GenBank datsabase all our
actinobacteria isolates belonging to Micrococcus Micromonospora and
Streptomycegerera

Threeisolates(CMEYMATSA12B, CFEGATSA14B and 2CFEYMATSA)}7
from the cmsortium of microorganisa observed showed similarities to
Micrococcus The phylogenetic positions of these isolates compared with the
relevant type strain d¥licrococcuss indicated in Fig. 2. However, there was

no distinctionbetween type strains and isolates based on information from the
phylogenetic tree. All isolates clustered together in clads or subsets of type

strains.

Micrococcus yunnanensis strain YIM 65004 16S ribosomal RNA gene
-CFEGATSA14B

-CMEYMATSA12B
Micrococcus luteus 165 rRNA gene type strain DSM 200307

Micrococcus aloeverae strain AE-6 16S ribosomal RNA gene DSM:27472
2CFEYMATSA17

Micrococcus endophyticus strain YIM 56238 16S ribosomal RNA gene

Micrococcus flavus strain LW4 16S ribosomal RNA gene

Micrococcus antarcticus strain T2 165 ribosomal RNA gene partial sequence

Micracoccus lylae strain 3432 165 ribosomal RNA gene partial sequence

Micrococcus cohnii 18S rRNA gene type strain WS4801T

Micrococcus terreus strain V3M1 16S ribosomal RNA gene

100 'Micrococcus chenggongense strain AS1.3025 168S ribosomal RNA gene
Micracoccus xinjiangensis strain YIM 90729 16S ribosomal RNA gene

Aquifex aeolicus

0.050

Figure2.7: Phylogenetic tree showing evolutionariate&onship amongst closely
related isolates and published type strainslmfrococcusas inferred using the
NeighborJoining methodSaitou & Nei, 1987)'he bmtstrap consensus tree

was inferred from 1000 replicat@Selsenstein, 1985Branches corresponding

to partitions reproduced in less than 50% bootstrap replicates are collapsed. The
percentage of replicate trees in which the associatedctastered together in

the bootstrap test (1000 replicates) are shown next to the brgReth&mnstein,

1985) The evolutionary distances were computed using the -Jt&etor
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method(Jukes & Cantor, 1969nd are in thaunits of the number of base
substitutions per site. The analysis involved 47 nucleotide sequences. All
positions containing gaps and missing data were eliminated. There were a total
of 1136 positions in the final dataset. Evolutionary analyses were cedduact
MEGA7 (Kumaret al., 2016)

Fig. 2.8 shows thevolutionary relationshigpof isolatesfrom this study and
members belonging tihe Micromonosporagenus All closely related isolates
formed clads within th&licromonosporagroup. Within this group, all unknown
isolates clustered distinctively from other type strainsMiéromonospora
Closest relatives to CWW isolated strains wéd&romonosporacremea
Micromonosporaoriariae, MicromonosporandolithicaandMicromonospora
cremea(See appendix foMicromonospordsolate sequence)

Unknown CWW isolate that showed maximum identity with related sequences
of Streptomycefom GenBank using the BLAST program was compared with
corresponding type strains of the genus. The sequences were aligned using
ClustalW, and the evolutionary history was inferred using the Neigitiaomg
method (Saitou & Nei, 1987). Fig. 2.9 below sisathe evolutionary history as
inferred using the Neighbowoining method (Saitou & Nei, 1987§See

appendix forStreptomycessolate sequence).
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MR 108479.1 Micromonospora zamorensis strain CR38 165 ribosomal RNA gene partial sequence
KC287242 2 Micromonospora zeae strain MEALURgg? 165 ribosomal RMNA gene partial sequence

MR 125650.1 Micromonospora jinlongensis strain NEAL-GRX11 165 ribosomal RMNA gene partial sequence
K(C193249 1 Micromonospora lycii NEAU-gg11 165 ribosomal RMA gene partial sequence

MR 151946.1 Micromonospora vinacea 165 ribosomal RNA partial sequence

MR 137397.1 Micromonospora luteifusca strain GUI2 183 ribosomal RNA partial sequence

NR 156058.1 Micromenospora paratnely pteridis strain NEA U-IXY 5 168 ribosomal RMA partial sequence
MR 042313.1 Micromenospora lupini strain Lupac 14N 165 ribosomal RNA gene partial sequence

MR 148271.1 Micromenospora taraxaci strain NEAU-PS 165 ribosomal RNA partial sequence

MR 041349.1 Micromonospora chokoriensis strain 2-19(6) 165 ribosomal RNA gene partial sequence

MR 134089.1 Micromonospora violae strain NEAUzh8 168 rbosomal RNA partial sequence

MR 125664.1 Micromonospora maoerensis strain NEAIU-MES 19 163 ribosomal RMNA gene partial sequence
MR 146014.1 Micromonospora wvulcania strain NEAU-JM2 16S ribosomal RMA partial sequence

MR 042979.1 Micromonospora ffamycinica strain AM105 165 ribosomal RMNA gene partial sequence

MR 109624. 1 Micromonospora wenchangensis strain 2602GPT1-05 165 ribosomal RMNA gene partial sequence
MR 037043.1 Micromonospora carbonacea strain DSM 43168 163 ribosomal RMA gene partial sequence

MR 041266.1 Micromonospora krabiensis strain M A-2 165 ribosomal RNA gene partial sequence

55 MR 136847.1 Micromonospora hampali strain MEAIU-JCE 163 ribosomal RMA partial sequence
78 3 MR 145609.1 Micromonospora oryz ae strain CP2R9-1 165 ribosomal RNA partial sequence
— NR 145839.1 Micromenospora nickelidurans strain K55 165 ribosomal RMA partial sequence
el MR 1368481 Micromonospora palomenae strain NEAU-CX1 168 ribosomal RMA partial sequence
— MR 109311.1 Micromenospora maritima strain D10-9-5 165 ribosomal RNA gene partial sequence
23] [T - MR 113304.1 Micromonospora sediminicola strain SH2-13 165 ribosomal RNA gene partial sequence
33 AJ724003.1 Micromonospora coriariae partial 168 rRNA gene ty pe strain NAROT
74 MR 108478.1 Micromonospora cremea strain CR30 163 ribosomal RMA gene partial sequence
MR 027200.1 Micromonospora endolithica strain AA 459 163 ribosomal RMA gene partial sequence
a8 - Strain 42
o - Strain 2n4.
_an| = - Strain 4n11
& - Strain 1
B - Strain 18
48 - Strain 32
o - Strain 70
47 — Strain new 70
] MR 044833.1 Micromonospora echinospora strain DSM 43816 16S ribosomal RNA gene partial sequence

3t MR 044893.1 Micromonospora inyonensis strain DSM 46123 165 ribosomal RMA gene patial sequence

i

MR 044830.1 Micromonospora sagamiensis strain DSM 43912 165 ribosomal RMNA gene partial sequence
MR 036966.1 Micromonospora olivasterospora strain MK-70 165 ribosomal RNA gene partial sequence
Strain 52

MR 1165971 Micromonospora thizosphaerae strain 211018 168 ribosomal RMA gene partial sequence

63 MR 149817.1 Micromonospora yasonensis strain DS3186 163 ribosomal RMNA partial sequence

a
4

MR 104523.1 Micromonospora pisi strain GUI 15 165 ribosomal RMA gene partial sequence

NR 0415321 Micromonospora pattaloongensis strain TJ2-2 165 ribosomal RNA gene partial sequence
NR 148605.1 Micromonospora ovatispora strain 27015IM 06 163 ribosomal RNA partial sequence

77

b1
P NR 1256521 Micromenospora poly rhachis strain NEAU-ycm2 165 ribosomal RNA gene partial sequence

E NR 109605.1 Micromenospara sonneratise strain 274745 16S ribosomal RNA gene partial sequence

Aquifex asolicus

Figure 2.8: Phylogenetic tree showintpe evolutionary réationship amongst
CWW isolates andMicromonosporalype strainsStrain 42= 2CPEGATSA42
(Accession numberMWA26320), Strain 4nll= CMESCA4TSAl11(Accession
number:MWA26316), Strain 2n4 = 3CWEGATSA52 (Accession number:
MWA26318), Strain 1-3CPEGATSA1L (Accession numbéviWA26314), Strain
1B=3CPEGATSA1B (Accession number:MWA26315), Strain 32=
2CFEGATSA32 (Accession number:MWA26321), Strain 70= 3CPEGATSA70
(Accession numbelWA26317).The optimal tree with the sum of branch length
=0.4420128 is shown. The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 replicates) are shown next to

the branchegFelsenstein, 1985)The evolutionary distances were computed
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using the Juke€antor methodJukes & Cantor, 1969nd are in the units of

the number of base substitutions per site. The analysis involved 82 nucleotide
sequences. All positions containing gaps and missing data were eliminated.
There were a totalf 1272 positions in the final dataset. Evolutionary analyses
were conducted in MEGA{Kumaret al, 2016).

30 Streptomyces jeddahensis strain G25 16S ribosomal RNA complete sequence.
4 Estreptem yces tacrolimicus strain ATCC 55098 16S ribosomal RNA partial sequence.
Streptomyces fabae strain T66 16S ribosomal RNA partial sequence

CWW strain strep

Streptomyces limosus strain DSM 40131 16S ribosomal RNA partial sequence
Streptomyces albidoflaws strain DSM 40455 16S ribosomal RNA partial sequence
Streptomyces felleus strain NBRC 12766 16S ribosomal RNA partial sequence
Streptomyces daghestanicus strain NRRL B-5418 16S ribosomal RNA partial sequence
Streptomyces canescens strain NBRC 12751 16S ribosomal RNA partial sequence.
Streptomyces champavatii strain NRRL B-5682 16S ribosomal RNA partial sequence.
Streptomyces odorifer strain NBRC 13385 16S ribosomal RNA partial sequence
Streptomyces sampsenii strain DSM 40394 16S ribosomal RNA partial sequence.
Streptomyces hydrogenans gene for 16S rRNA partial sequence strain: NBRC 13475.
Streptomyces sp. ASPSP103 16S ribosomal RNA gene partial sequence.

Streptomyces ferrugineus strain HV38 16S ribosomal RNA partial sequence.

Streptomyces sp. strain 452 16S ribosomal RNA gene partial sequence

Streptomyces xylanilyticus strain SR2-123 16S ribosomal RNA partial sequence

Streptomyces variegatus strain LMG 20315 16S ribosomal RNA partial sequence
31 Streptomyces alboflawis strain NBRC 13196 16S ribosomal RNA partial sequence.
™ 69 Streptomyces flavofungini strain NBRC 13371 16S rib | RNA partial seq

39 Streptomyces mexicanus strain NBRC 100915 16S rib | RNA partial sequen:

15 Streptomyces leeuwenhoekii strain C34 16S ribosomal RNA partial sequence
Streptomyces chiangmaiensis strain TA4-1 16S ribosomal RNA partial sequence.
1 Streptomyces chromofuscus strain CSSP553 16S ribosomal RNA partial sequence.
4 Streptomyces glomeratus strain NBRC 15898 16S ribosomal RNA partial sequence
10 Streptomyces pluripotens strain MUSC 135 16S ribosomal RNA partial sequence.
’7 Streptomyces cinereospinus strain NBRC 15397 16S ri RNA partial
0 Li Streptomyces griseosporeus strain NBRC 13458 16S ribosomal RNA partial sequence.
7

34 Streptomyces thermocoprophilus strain NBRC 100771 16S ribosomal RNA partial sequence.
Streptomyces poonensis strain NBRC 12556 16S ribosomal RNA partial sequence

5 Streptomyces somaliensis DSM 40738 16S rib | RNA partial

24 Streptomyces coeruleoprunus strain NBRC 15400 16S ribosomal RNA partial sequence
49 Streptomyces fradiae strain NBRC 12773 16S ribosomal RNA partial sequence

28 Streptomyces thermolilacinus strain NBRC 14274 16S ribosomal RNA partial sequence.
Streptomyces glaucescens strain NBRC 12774 16S ribosomal RNA partial sequence.
Streptomyces pharetrae CZA14 16S ribosomal RNA partial sequence.
Streptomyces marokkonensis strain LMG 23016 16S ri RNA partial

Streptomyces thinghirensis strain S10 16S ril RNA patrtial seq

Streptomyces \ridochromogenes strain NBRC 13347 16S ribosomal RNA partial sequence.
Streptomyces ambofaciens strain NBRC 12836 16S ribosomal RNA partial sequence.
Streptomyces griseoaurantiacus strain DSM 40430 16S ribosomal RNA partial sequence.
Streptomyces jietaisiensis strain FXJ46 16S ribosomal RNA partial sequence

Streptomyces nogalater strain JCM 4799 16S ribosomal RNA partial sequence.

Streptomyces roietensis strain WES2 16S ribosomal RNA partial sequence

Streptomyces malaysiense strain MUSC 136 16S ribosomal RNA gene partial sequence.
Streptomyces phaeoluteichromatogenes strain NRRL B-5799 16S ribosomal RNA partial seque
Streptomyces gougerotii strain DSM 40324 16S ribosomal RNA partial sequence.
Streptomyces rutgersensis strain DSM 40077 16S ribosomal RNA partial sequence
Streptomyces diastaticus strain NBRC 13412 16S ribosomal RNA partial sequence.
Streptomyces intermedius strain DSM 40372 16S ribosomal RNA partial sequence
Streptomyces alfalfae strain XY25 16S ribosomal RNA partial sequence.

Streptomyces silaceus strain NRRL B-24166 16S ribosomal RNA partial sequence
Streptomyces aureoverticillatus strain NBRC 12742 16S ribosomal RNA partial sequence.
Streptomyces lasiicapitis strain 3H-HV17(2) 16S ribosomal RNA partial sequence.

Streptomyces longissimus strain JCM 4489 16S ribosomal RNA partial sequence

Streptomyces roseoviridis strain NBRC 12911 16S ribosomal RNA partial sequence
NR 024570.1 Escherichia coli strain

Figure 2.9: Partial phylogenetic tree showing the evolutionary relationship
amongst isolates arfétreptomycegype strainsCWW strep =3CPEGATSA66
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(Accessionnumber:MWA26323) The optimal tree with the sum of branch
length = 0.44201220 is shown. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are
shown next to the branch@elsenstein, 1985T he evolutionary distances were
computed using the Juk€antor methodJukes & Cantor, 1969nd are in the

units of the number of base substitutions per site. The analysis involved 82
nucleotide sequences. All positions contagnigaps and missing data were
eliminated. There were a total of 1272 positions in the final dataset. Evolutionary

analyss wasconducted in MEGA{Kumaret al., 2016)
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2.3.3. Cultur e-independent analysiof cassava wastewater effluent

233.1.

,Sanple description and coding

For the purpose of analysing community results, samplesgixga a code as

described in Tabl2.4below. These codes are used to describe the results

Table2.4: Description of sample and groups usethim analysis of community

amplicon
Company | Sample Group Universal | Group Actinobacteria
(Stage) primer specific primer
amplicon amplicon code
code
Company 1| Sample 1 Ua.l Aa.l
(Oxford (Fermentation | Group A Group E
Foods stage) (universal (Actinoba
Ikare- Sample 2 primer C1.2 cteria Cc2.2
akoko) (Washing amplicon) primer
stage) amplicon)
Sample 3 Ua.3 Aa.3
(Pressing
stage)
Company 2 | Sample 5 Cl1l5 C2.5
(Bilatrade | (Fermentation | Group B Group F
food stage) (universal (Actinoba
processing) | Sample 6 primer Cl.6 cteria C2.6
(Washing amplicon) primer
stage) amplicon)
Sample 7 C1.7 c2.7
(Pressing
stage)
Company 3| Sample 8 Cl1.8 Cc2.8
(Reputable | (Fermentation | Group C Group G
food and stage) (universal (Actinoba
allied Sample 9 primer C1.9 cteria Cc2.9
processing) | (Washing amplicon) primer
stage) amplicon)
Sample 10 N/A Aa.l1l0
(Pressing
stage)
Company 4 | Sample 4 GroupD |C14 Group C24
(Matna (All effluent) | (universal C2-D
foods primer (Actinoba
BeninOwo, amplicon) cteria
Ondo State) primer
amplicon)

*Grouping is based on the company and the amplicon used in sequencing
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2.3.3.2. Microbial diversity

Bacteria account for 85.632% of the total diversig seen in Fig. 2.10.
Firmicutes actinobacteriaproteobacteriare the key distinct phyla relatively
lower percentage ofyanobacteriawere also detected owing to the use of
universal 16S rRNA gene. Bifidobacterium  Corynebaterium,
Micromonospora Lactdoacillus, Leuconostoc, Lactococcus, Enterobacter,
Escherichiaand Pectobacteriumwere amongstthe dominant genera present
(Fig. 2.1Q. The distribution of sampleperation taxonomic urgtOTUs) within

the observed phyl@an be seen in Fig 2.1Across all samples, sequence
analysis of the 16RNA gene inferred dominant phyla fisnicutes(41.05%),
actinobacterig26.16%),Proteobacterig.67%) anccyanobacterig2.326%).

The breakdown of OTU distribution within the different sample groups is
illustrated in Fig.2.12. OTU abundance fmtinobacteria was predominantly
from groups EF, G. These groups provided closely similar percentaglesh
made up the totahctinobacteia diversity. From the distribution, group E
provided the bulk percentage d@ifidobacterium Corynebacteriumand

Micromonosporgroportionin groupsk, F, G are similar
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Figure 2.10: An overviewtaxonomy tree of OTUfom cassava wastewater
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Figure2.12: An overview of sample group distribution within top OTUsthis

figure, AB and CD represent the taxa from Universal primers from all companies
and E, FG represent Actinobacteria from all compantsctors with differet
colours represent different groups. The size of the sector represents relative
abundance. The first number below the taxonomic name represents the
percentage in the whole taxon, while the second number represents the

percentage in the selected taxon

9%|Page



An evolutionary tree illustrating the relative abundance of the top 100 genera
observed across all sample can be seen in Fig. 2.13. This tree was constructed
based on theepresentative sequence from all sample using both the Universal
16S RNA geneampliconand theactinobacteria specific amplicon. From the
OTU annotation treel.actdacillus was the most dominant genera from all
samples analysed. Other genera which had a significant representation within
the construct were Corynebacterium, Bifidobacterium Lactococcus,
Micromonosporand Enterobacteria

The relative abundance of the top 100 genera observed across all groups is
further represented in Fig. 2.18actobacilluswas the most dominant genera in
groups A, B, C, D. Group E was dominated Byfidobacterium and
CorynebacteriumGroup F and G suggested the dominanckaatobacillus
CorynebacteriunandMicromonospora

The distribution of species within each group is represented in Figs.
2.15,2.16,2.17,2.18 and 2.19. Within similar groups A and &;isp belonging

to genugorynebacteriunconstitute the major actinobacteria observed. Species
annotation from groups C and D indicated presence of species within
Micrococcus, Corynebacterium and Bifidobacteriufie species annotation
trees of group E,F,Guggested a host of actinobacterial species. Species
belonging to  Bifidobacterium Micromonospora, Actinomyces,
Corynebacterium, Micrococcus and Cellulomomése common across three
groups. From group F and B¥opionibacteriumwas observedermatophilus

andGlutamicibactemwere only observed in the tree annotation of group G.
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Figure2.13: OTU annotation tree construct representhmgrelative abundance of bacteria across all 19 samples in this Bliffeyent

branchcolourswere indicative of the various phyla. The relative abundance of each genus was displayed outside @aairdedes
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Figure2.14: OTU annotation tree constructs representing the relative abundance of bacteria across all different groupsdiyn Bifesent
branch colours were indicative of the various phyla. The relative abundance of each genus was displayed outside thleuwircteleS were

attached to different samples
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A:c--unidentified Actinobacteria
B:o--Corynebacteriales
C:f--Corynebacteriaceae
D:g--Corynebacterium 1
E:c--Bacilli
F:o--Lactobacillales
G:f--Leuconostocaceae
H:g--Weissella
I:%—-Leuconosmc
J:f-Enterococcaceae
K:?--Entemcnccus
L:f--Streptococcaceae
M:g--Lactococcus
N:f-Lactobacillaceae
0:g--Lactobacillus
P:c--Gammaproteobacteria
Q:o--Enterobacteriales
R:f--Enterobacteriaceae
S:g--Raoultella
T.g--Pectobacterium
U:g--Enterobacter
V:c--AI?‘haproteobacterla
W:o--Rhodospirillales
X:f--Acetobacteraceae
Y:g--Acetobacter

OTU Tree of AB by GraPhlAn

P--ACTINOBACTERIA
P--FIRMICUTES
P--PROTEOBACTERIA

Figure 2.15. GraPhAn species annotation tree construct for group AB

illustrating top species observed within gradpuU.

100|Page



A:c--unidentified Actinobacteria
B:o-Bifidobacteriales
C:f-Bifidobacteriaceae
D:g--Bifidobacterium
E:o—-Corynebacteriales
Ff--Corynebacteriaceae
G:o--Micrococcales
H:f-Micrococcaceae

I:g--Rothia

J:c--Bacilli

K:o--Lactobacillales
Lf-Leuconostocaceae
M:g--Weissella
N:g--Leuconostoc
O:f-Enterococcaceae
P:g--Enterococcus
Q:f-Streptococcaceae
k?--Lactococcus
S:f-Lactobacillaceae
T:g-Lactobacillus
U:c--Chloroplast
V:o--unidentified Chloroplast
W:f-unidentified Chloroplast
X:g--unidentified Chloroplast
Y.c--Gammaproteobacteria
Z:o--Enterobacteriales
a:f-Enterobacteriaceae
b:g--Escherichia-Shigella
c:g--Enterobacter

OTU Tree of CD by GraPhlAn

P--ACTINOBACTERIA
P--CYANOBACTERIA
P--FIRMICUTES
P--PROTEOBACTERIA

W%M
ia

Figure 2.16. GraPhlAn species annotation tree construct for group CD

illustrating topspecies observed within group OTU
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A:c--unidentified Actinobacteria

P--ACTINOBACTERIA
B:o--Bifidobacteriales P--FIRMICUTES
C:f-Bifidobacteriaceae P--PROTEOBACTERIA

Dig-Bifidobacterium OTU Tree of E by GraPhlAn
E:0--Micromonosporales
Fif--Micromonosporaceae
G:g--Micromonospora
H:0--Actinomycetales
l}:l—-ﬂ:grlmmycm«:eae
:g--Actinomyces
K:o--Corynebacteriales
L:f~Corynebacteriaceae
M:g--Corynebacterium 1
N:o--Micrococcales
O:f-Cellulomonadaceae anb.q‘".
P:g--Cellulomonas
Q:f-Micrococcaceae
R:c--Bacill
S:o--Lactobacillales

T

L
Uig occus

V:f--Lactobacillaceae
X:g--Lactobacillus
Y.c--Gammaproteobacteria
Z:o--Enterobacteriales
a:f-Enterobacteriaceae
b:g--Escherichia-Shigella

Figure2.17: GraPhlAn species annotation tree construct for group E illustrating
top species observed within group OTU.
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Aic--unidentified Actinobacteria
B:o--Micromonosporales
romonosporaceae

OTU Tree of F by GraPhlAn

P--ACTINOBACTERIA
P--FIRMICUTES
g:'u'ﬁ'i:c P--PROTEOBACTERIA
:g--Micromonospora
E:o--Actinomycetales
F:f-Actinomycetaceae
G:g--Actinomyces
H:0--Corynebacteriales
I:f--Corynebacteriaceae
J:g—-Corynebacterium 1
K:o--Propionibacteriales

g—léa.mhnlllus .
:c--Gammaproteobacteria
::?«;.nmmbnae(ialss

f--Ent cteriaceae
cig-Escherichia-Shigella

Figure2.18: GraPhlAn species annotation tree construct for group F illustrating
top species observed within group OTU
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A:c--unidentified Actinobacteria P--ACTINOBACTERIA
- es

OTU Tree of G by GraPhlAn

Al
P--FIRMICUTES
P--PROTEOBACTERIA
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Figure2.19: GraPhlAn species annotation tree construct foug G illustrating
top species observed within group OTU
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2.3.3.3. Analysisof phyla abundance

Based on annotation result, the most dominant ptiglactedvere firmicutes,
actinobacteria,proteobacteria anayanobacteria across all sampling points
using both universandactinobacterial primers. The abundance of the top 10

phyla with the highest OTUs across samples is shown in Fig. 2.20 below.

1 _ _ _ _ I

Others

M Tenericutes
0.7548-1 -3 B B =B EBEEEBE . B2BEBERE Fusobacteria
B Gemmatimonadete
Bacteroidetes
Saccharibacteria
M Verrucomicrobia
Cyanobacteria
0.5 - B B = N B B = = B N = = N = B _M8_ W Proteobacteria
M Actinobacteria
M Firmicutes

Relative Abundance

0.251

DTN o A S S IR - N S T NP < S SR NP AL I
SOOI RO F YT IAY

Sample Name

Figure 2.20: Phylum level composition of thieacterial community present in
cassava effluent samplasing both actinobacteria and universal primé&frse
relative abundance of the top 10 phyla is shown. "Others" represent other minor

phyla

Based on sequencing results from the 16S rRNA universaépamplicon (Fig
2.20),Sample C1.7had the highest abundancdiomicutes while Sample C1.5

had the highest abundance astinobacteria Whilst Proteobacteria was most
prominent in sample Ua.gyanobacteriaveremost represented in sample C1.4.
Comparing the different stages across the companies bashd ahove gene
sequence result, the washing stages (Samples C1.2, C1.6 and C1.8) were
dominated byfirmicutes except for sample C1.2 which had the highest

proteotacteria OTUs. Across the fermentation stages (Sample Ua.1, C1.5 and
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C1.8), the microflora proportion was predominarfilynicutes. The pressing
stages (Ua.3 and C1.7), also presented a dominafficenmiutes.

Based on sequencing results from the 1BBIA actinobacteria amplicon,
actinobacteria was the dominant phyl@xcept inSample Aa.10which had a
higher abundance of firmicute€omparing the different stages across the
companies based on this restitie washing stage (C2.2, C2.6 and C2.9) was
mostrepresented by the phyluattinobacteria. Firmicutes was still observed
within all samples. Proteobacteria was also present, especially in sample C2.2
which had a significant proportion. From the Fermentation stage (Aa.1l, C2.5,
C2.8), actinobacteria abundance was followed fimicutes. Sample C2.5
indicated a larger proportion gdroteobacteria in relation to other samples.
Across the pressing stage (Aa.3, C2.7 and Aa.l1l0), there were significant
proportions ofactinobacteria andirmicutes. Sample Aa.l10 illustrated more
abundance offirmicutes thanactinobacteria.The diversity amongst the 3
companies studied between washifgymentation and pressing stages were
constant. Howevemgctinobacteria abundance was lowest in the pressing.stag
This stage had the highest proportionfmmicutes. They were particularly
illustrated in sample Aa.10

Comparing samples from the cumulation of effluent from cassava ¢katha
cassava processing companthe abundance and distribution of indigeso
microorganism in sample C1.4 (Sequenced from universal primerRNA
amplicon) was betweefirmicutes (Highest)cyanobacteriaproteobacteria and
actinobacteria (Least). Firmicutes was also most abundant in sa@#le
(Sequenced fromectinobacterié primer 16SrRNA amplicon) despite the

amplification was targetingctinobacteria phylum. The distribution was from
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firmicutes (Highest) t@actinobacter, cyanobacteria angroteobacteria (Least

abundant).

2.3.34. Alphadiversity index analysis
Alpha diversity analysis was carried out to determine the species richness. The
abundance of species within the microbial ecosystem was inferred using the rank

abundanceurve Fig. 2.21 and species accumulation box plot Fig. 2.22.

0.1

Relative Abundance
0.m

0.001
1

1e-04

T

4] 100 200 200

Species Rank

Figure 2.21: Rank abundance curve displaying relative species abundance

within all samples.

The rank abundance curve for all 19 samples (Fig. 2.21) displays the relative
species abundance and evenness of all samples. The rank abundance curve

above indicated a difference in sample evenness and richness. Species evenness
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was higher as seen from therve in samples with higher species number and

lowest in samples with lower number.
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Figure2.22: Species accumulation boxplot of the 19 sam@esgplot illustrated
the median species number, interquartile range and outliers estimated from

permutations.

The species accumulation boxplot is another method of explaining the

abundance and species evenness within samples. This boxplot illustrated the
accumulative number of species in relation to increasing numbers of sample. As
illustrated in Fig. 2.22, a rise in observed species was observed with the

increasing sample number.
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2.3.3.5. Betadiversity analysis

Beta diversity analysis was carried out to coreptre different microbial
communities present across all sampling points based on their composition
(Lozupone & Knight, 2005). The weighted and unweighted Unifrac distance
metrics were used to calculate the pairwise similarities between the samples. The
results were visualised using the Principal coordinate analysis plot (PCoA) as
seen on Fig. 2.23 and the Unweighted #atup Method with Arithmetic

Means (UPGMA) Fig. 2.24.

2.3.3.5.1 Principalcoordinate analysis

Principal coordinated analysis (PCoA) basedmaighted Unifrac assesses the
microbial community structure based on the abundance of OTU (Lozupone &
Knight, 2005).

PCoA - PC1 vs PC2

c19
¥ A
0.2 CﬁZ Ca*i
Ual
CA? Bz
c26 .

0.1 4 2%
= mA
§ @D
3 AB
Z o0 | %e
: e E

F
1§]
S c22 G
L]
-0.1 Aal
.
c25 C1.8
Ua.3
024 ¢z 8]
cqxs
c2.9

0.0 0.2 0.4 0.6
PC1(25.25% )

109|Page



PCoA - PC1 vs PC2

€12
[]
0.2
ci18
” 01 A
C16 eD
b CE.Z €25 i Ag
@ (o}
~ e E
O F
a Ua.l G
i C14
c27 ® 9
0.0 1 C29cag
czs cis
Aal
L]
Aa3
b Ua3
0.1 cz10
i cz24
) 7
-0.4 -0.2 0.2

0.0
PC1(72.01%)

Figure 2.23: Principal coordinates analysis (PCoA) ordination illustrating the
variation pattern between the different samplé3. based on wweighted
Unifrac metrics for all samples B) based on weighted Unifrac metrics for all
samples

From the PCoA as seen on Fig. 2.23a, samples were clustered into three main
regions of the plot. The piti®n of each sample on the plot is a representative of
the closeness of the most abundant microbial communities. The first cluster
comprisessamples C2.2, C2.5, C2.9, C2.6, C2.8, Aa.1, Aa.3, C2.7. This cluster
was representative of sample with similar atance ofactinobacteria.The
second unique clustédentified consisteaf samples C1.8, C1.6, Ual, C1.4,
Cl1.9, C1.5, Ua3, Cl1.7, C2.4, C2.10. This cluster was unique with the
comparatively higher abundance fBfmicutes presentwithin all samples
Sample C1.2 was unique as it was separated from all other clusters within the
plot with a higher comparativproteobacteria abundance. TheaXis from left

to right indicates the dominance aftinobacteria (left) anéirmicutes (Righ}.
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At the same timethe Y-axis from bottom to topuggestshe presence of

proteobacteria as a dominagttylumwithin the samples.

The PCoA plot representing the unweighted Unifrac metrics assesses the

members of the community within samples based oaltisence or presence of

OTU (Lozupone & Knight, 2005). There were 3 main clusters as illustrated on

the PCoA plot (Fig.2.23b). Bacterial communities in samples C1.9, C1.5, C1.2,

C1.7,C2.4,C2.6, Ual and Aadustered close to each another. The clustads ha

the most diversity comprising mainly of the most abundant OTUs. The other

clusters comprise of samgl€2.2, C2.5, C1.8, C2.7, C1.4, C2.9, &&tl6and

was distinct from Aal and Ua3. Cluster 2 comprises sample C2.2, C2.5, C1.8,

C2.7, C1.4, C2.9, and C1.6 had the least diverse OTUs within the samples.

Cluster 3, comprising of Aal and Ua3, had a widely diverse OTU. In addition

to some of the predominant Y&, they contained the most minor OTUisis

also important to note that the diversity of the OTUs is reflected on 4dwasX

from left to right and the abundance of the Key OTUs is represented on the Y

axis from down to the top of the plot.

2.3.3.5.2 Unweighted pir-group method with arithmetic meatyPGMA)
cluster analysis

The UPGMA cluster analysis provides information on the similarity and

differences between the cassava sampling points. The UPGMA cluster tree for

both weighted and unweighted Unifrac is illagéd in Fig. 2.24 below
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Figure2.24: UPGMA clustering tree based on (A) Unweighted Unifrac distance
(B) Weighted Unifrac distanc&he analysis was performed and plotted with the
UPGMA treeon the left and the relative abundance on the right. Others represent
the culmination of the relative abundances for all other Phyla excluding the ten

of the figure

Based on the analysis of Unweighted Unifrac distance matrix Fig. 2.24a if the
abundance and size difference of the phyla in each sample is not considered,
sample Ua.3 and Aal were closest to each other and had the most diversity.
These similarities can be associatéith the degree of absence or presence of
minor OTUs.Sample C2.7red C2.9 were closest and had similar low diversity
within the samples. From samples sequenuased on universal 16 RNA

primers, sample C1.4 and C1.8 were closest and had the least diversity. Within
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theactinobacteria 16 RNA amplicon sequence resulgraple Aal was farthest

from sample C2.7 and C2.9.

As illustrated in the weighted Unifrac distance matrix Fig. 2.24b, there were two
main groups within the distance tree with good similarities between parallel
samples. Considering the size and abundanti®eqgfhyla in each sample, C1.2

and C1.7 were at opposite ends. These samples were least similar based on
samples sequencdebm universal 16SRNA primer. From theactinobacteria

16S rRNA amplicon sequence result, samples Aa.3 was farthest away in

similarity from sample C2.4.

2.4. Discussion

Over time, the bulk of microbiology studies elucidating the microbial diversity
of cassava and its effluent have been reported using vaitiuse-dependent

and independent approaches (Elgdlal, 2014; Miambiet al,, 2003). However,
microbial diversity studies from cassava effluent at different cassava processing
stages using culturgependent ancultureindependeréipproaches are yet to be
reported. Therefore, this present study is the first to elucidate the askuoé
dependent and cultuiedependent approaches to compare the microbial
constituents at different stages of cassava processing. This report was also
designed to target the potentigtinobacteria species that are useful for biofuel
production. Undestanding the potentials of indigenacsinobacteria within the
different cassava processing stages will provide informaiiimutthe untapped
microbial diversity some of which may present with potential application in
biofuel studies

The pH readingof all effluentsamples show that theyere acidic. The acidity

of cassava effluent has been previously repof@ulieh & OdesirEruteyan,
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2016) From all cassavélake effluent stages, based on the result above, pH
varied across the different effluent stages but was lowest in the cassava pressing
stage after fermentation. It is unclear why pH at the initial washing stage was
acidic. However, similar acidity has been oged in the secondary waste
(cassava peel) obtained from this initial s{§ouzaet al, 2013) The second
effluent stage in this study involves ongoing fermentation which can cause
acidity as reported in the cassava effiupH result. Finally, the acidity of the
third effluent stage (pressing effluent) could be expected as the effluent from
this stage comprise of water obtained during dewatering of completely
fermented cassava paste. The pH of sampling point 4 (Cassasta stfluent)

was also similar to previously published casava effluenapBarlier stated
Culturedependenapproach with five medis5CA, HVA, AGS, YMA and GA
targetingactinobacteria was used to isolate the indigenous microorganisms as
shown in fig.2.1. From thecolony-forming units observedn isolationmedia,

a unique trend in microbial load walsserved. The microbial load was relatively
higher in the effluent from the pressing stage and washing stage and lowest in
the effluents obtained from the fermentation stagee initial cassava
processing is carried out to remove unwanted organic andjyanic
contaminants from cassava (Oyewole, 1992¢nce, after washing step a
decrease in microbial load could be expected before a steady increase as a result
of the development of fermentation related bacteria. The lower microbial load
in the fermentatin effluent stage in this study in comparison to pressing stage
could be expected. This is because®the grated cassava has been fermented,
a hydraulic press is then used to compress thetpukgpleaseavater This stage

which is the pressing stage woudd expected to contain the effluents from the
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whole fermentation process and moréisT could account for thénigher
microbial load observed during tipeessing stageéAs seen in Table.3, AGS
media was most suitable to isolate bacteresent within dfuents. However,

the mediawas not suitable to isolathe actinobacteridarget group GA and

SCA from this study seemed more appropriatsdtateactinobacteria. GA had

the most variety of adinobacteria $treptomyces Micrococcus and
Micromonospora but could onlydetectthese in 4 samplpoints SCAshowed

the presence atctinobacteria in 7 of the 10 sanmg points This, however, was
predominantly Micromonospora The result of GA and SCA as the most
appropriate media contrasts with the hypothesis suggested lat §iri2012).

The author suggested that media containing amino acids as nitrogen sources
were the more suitable media to infer the diversitgotihobacteria.

Streptomyces Micrococcus Micromonospora Bacillus Lactdoacillus,
StaphylococcygOceandacillus and Pseudomonawere the distinct genews
inferred from16S RNA genesequencingBacillus was the most dominant
isolate across all sample points and media used. The extent of diversity inferred
from a specific medium can be affected by the presence of dominant population
capable of growing on that media (Ercoletial, 2003; Ercoliniet al, 2001).

This can explain the observation Bacillus on most of the isolatioplates.
Furthermore, the ead®y which firmicutes develop on plates compared with
actinomycete canalsobe a factor for the dominance Bécillus Lactdbacillus
andOceandacillusin the resuls obtained (AtAwadhiet al, 2013). This result

of Bacillusdominancel.actdacillusandStaphylococcuslly with theprevious

report by Elijahet al (2014) on the indigenous microbiota in cassava waste

effluent.
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The actinobacteria isolates within tleulture dependenanalysis have not been
previously reported in association with cassava effludfitsomonosporavas

the most dominandctinobacterisand was observed in 7 out of the 10 sample
points. Isolates showed &le similarities taype strains oMMicromonospora
cremea(Carroet al, 2012),Micromonosporeacoriariae (Trujillo et al, 2006)
andMicromonosporaendolithica(Hirschet al, 2004).The latterspecies have
been previously isolated from soil'he initial stage of cassava processing
involves the direct washing and peeling of harvested cassava which were
uprooted from soi{Jekayinfa & Olajide, 2007; UchechukvAguaet al., 2015)

The water usedor this washing forms a bulk of cassava waste effluent as
unwanted debrissoremnant soiand contaminants have to be removed before
downstream processing. It couldherefore be expected that some soil
microorganisrs can be found in the effluenthis can possibly explain why
Micromonosporavas observed.

The 16S RNA geneled phylogenetic nalysis ofactinobacteria observed from
culture method $treptomycesMicromonosporaand Micrococcu$ inferred
uniqueness in sequences Streptomycesnd Micromonospora The distinct
clustering of both isolateseparatérom the closest relativeas seen in Fig. 2.8
and Fig. 2.9 This could suggest potential newlicromonospora and
Streptomycespeces

Sequencing of universal ardtinobacteriall6S RNA amplicons was carried
out by amplifying the VBV4 variable bacteal region. The higkhroughput
sequencing method utilised suggested the taxonomic dominaficeniciites
proteobacteriacyanobacteriaandactinobacterigFig. 2.10) These phyla were

present in all samples analysed, although the proportions varied based on the
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amplicon sequenced (Figs. 2.11 and 2. EXmicuteswas the most abundant
phylum, in which the genu&actdbacillus was the most abundant genus
(Fig.2.13). Lactobacillus dominance in cassava processing effluent is not
unexpected.actdacillusis one such bacteria that mediate the chemical process
of fermentation during cassava processing (Colehetural, 2014). The
dominance olLactadoacillus within cassava dered product and its waste has
been widely reported (Anyoget al, 2014; Ayodejiet al, 2017; Banweet al,
2012; Padonouet al, 2009). Bifidobacterium Corynebacterium and
Micromonospora were found to be the dominant genera within the
actinobacteria phylum from using actinobacterial specific primers
Cellulomonas Propionibacterium Dermatophilus, Glutamicibacterwas
observed along with Rothig Actinomyces, Brachybacterium and
Microbacteriumin minorproportion These generavere detected by using both
universal primes and also actinobacterialspecific primers The genus
Bifidobacteriumhas been recognised asprobiotic strain which can utilise
cassava for its growth (Varnam & Awamaria, 208dygesting their presence
in the cassava effluentCorynebacteriunand Micromonosporaand have been
reported to exist as a constituent of soil (Catal, 2012; Cheret al, 2004).
Their occurrence in cassava effluent can be attributed to cassavaah&iag
tuber crop. Interestingly, althougistinobacteria such &orynebacteriunand
Bifidobacterium have been reported within the consortium of indigenous
microorganism of cassava and its linked product, there are no studies prior to
this report suggesty the occurrence oMicromonosporawithin cassava
effluent samples. The occurrencepodteobacteriandcyanobacteriavithin the

consortium of cassava effluent microflora reported in this study corseléte
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reports on cassava linked microorganismmé@et al, 2019; Ayodejiet al.,

2017; Elijahet al, 2014; Gacet al, 2014). From the alpha and beta diversity
analysis, it can be inferred that the microbial richness differs between samples.
This analysis also postulates that each stage of cassava processing impacts the
abundance of bacteria observed.

Results from thigxperiment clearly confirm the need to combine both culture
dependent and independent methods to generate a more precise understanding
to the nature of indigenowstinobacteria within cassava effluent samples. The
limitations of culturedependenapproachor microbial study has been widely
reported (Amanret al, 1995; Muyzeret al, 1993). These limitations can
account for the observation of onigtreptomycesMicromonosporaand
Micrococcus in the culturedependent approach. Bifidobacterium
Corynebacteéum,  Cellulomonas Propionibacterium Dermatophilus,
Glutamicibacter.Rothia Actinomyces, Brachybacteriuand Microbacterium

were observed within theultureindependentnalysis butwere not isolated

from cassava effluenMicromonospora Streptomyceand Micrococcuswere

the onlyactinobacteria detected in both approaches used in this diversity studies.
Although Streptomycesseems in low proportion when compared to
MicromonosporaThere coudl be biases relating tilturedependenapproat

sud as of thepreferential lysis in which some targéeingmissed during DNA
extraction. Furthermore, primer mismatches or low rate of hybridisation of
primers to certain template due to different denaturation temperature could also
cause the loss okrtain targets (Giraffa & Neviani, 2001; Jany & Barbier, 2008).
Holistically, the application of botbulture dependenand independent analysis

provided qualitative information on the diversity aftinobacteria within our

118|Page



samples. Actinobacteria didirition varied based on the companiasd
sampling points Variation was alsoobserved within the different stages
(washing, fermentation angressing) and the different cassava processing
method (Cassava flakes and cassava starch). From the combination of data
indicated from both approaches used in this study, the washing and pressing
stages had the most significant proportion of #Hm#inobacteria diversity
observed. This diversity was leasttire fermentation stage of processing. This
can be attributed to tHess of abundance from the initial washing step before
the fermentation stage.

Similar diversity of actinobacteria was observed between the two cassava
processing methods (Cassava flakesl cassava starch). Their effluents only
differed in the presence dflicrobacteriumand Brachybacterium This was
observed in the effluent from the cassava flake processing method.

In conclusion, the two methods employed in investigatasgjnobacteria
diversity within cassava effluents are limited by biases. These methods did
provide complementary information omicrobial diversity present in the
cassava effluenat different processing stages. As such, it is necessary to
implement both approachestandcem to provide an overvieof diversity. The
findings from this experiment provide a new perspectwehe diversity of

resourcefubctinobacteria within cassava effluent.
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CHAPTER 3: Functional

characterisation of actinobacteria

iIsolated from cassava waste effluent
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3.1. Introduction

In previous years, various studies have focused on pbtential of
microorganisms from cassava and its effluent (Avaneiral, 2007; Costaet

al., 2010; Elijahet al, 2014; Nitschke & Pastore, 2006). The importance of these
studies cannot be understated. Cassava effluent is a prominent waste obtained
from cassava processing (Okunade, 2013). With the absence of succinct waste
treatment options in countries like Nigeria, this waste contributes to aesthetic
and environmental nuisance (Oboh, 2005). 1zoefual. (2013), (Oghenejoboh,
2015) and Arimoroet al (2008) investigated the negative impact of
indiscriminate disposal of cassava effluent. They suggested more investigations
into the sustainable use of cassava effluegrte needed to providalternative
options in mitigating the deleterious effeof thiswasteeffluent.

Previous work predominantly focused on investigaBagillussubtilisfrom the
indigenous microflora of cassava efflugiarroset al, 2013; Nitschke &
Pastore, 2006)However, there remains a gap in understanding the functional
potential of indigenous microorganisrfiem cassava effluenThe possibility

of obtaining industrially significanéctinobacteria from cassava effluastyet

to be explored.

In this study the microbial diversity from cassava effluent at different cassava
processing stages wasplored initially. Culturedependentand independent
approaches were used to investigateatitmobacterial diversity within effluent
samples Novel members of thegenusMicromonosporaand Streptomyces
related isolates were investigated further in this chapter. Seven isolates
belonging to the genudMicromonosporaand one isolate belonging to

Streptomycesvere analysed for their functional properties. The physiolbgica
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traits and enzymatic activities of CWW isolate were explduetther, which can

aid in the objective of assessing their suitability in biodiesel production

3.2.  Materials and methods

3.2.1. Microbial isolates

Functional attributes of isoladefrom cassavaffluent belonging to genera
Micromonosporasamples2CPEGATSA42 (Accession number:MWA26320),
CMESCA4TSA11 (Accession number:MWA26316), 3CWEGATSA52
(Accession number:MWA26318), 3CPEGATSAL (Accession
number:MWA26314), 3CPEGATSA1B (Accession number:MWA26315),
2CFEGATSA32  (Accession  numberMWA26321), 3CPEGATSA70
(Accession number:MWA26317and Streptomycessolate 3SCPEGATSA66
(Accession number:MWA26323Wwere investigated. These isolates were
previously identified based on 168NA gene and were propagatend Glucose
yeast malt extract media (GYM).

3.2.2. Colony and cell morphology

The isolates were grown on Tryptone Soy Agar (TSA) for 5 days %t.28

Colony characteristics such as; colony size, margins, eleyatonl

pigmentation were observed and recorded. Spore chain morphology was

observed using the scanning electron microscope (SEM). Sample preparation

for SEM was followed as described by Hirgethal (2004).Coloniesgrown on

mediawere picked and fixed in % paraformaldehyde in phosphate buffer for

30 minutes. These cells were rinsed twice and allowed to rest in phosphate buffer

for 10 minutes. Colonies were treated with aqueous 1% Osmium tetroxide

(OsQy) for 1 hour. Samples were further rinsed twice befdedydration

occurred. Dehydration of bacterial isolates was carried out in graded series of 2x
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2minutes distilled water, 2x1finutes 50% ethanol, 2x Iflinutesin 70%
ethanol, 2x 1Minutesin 90 % ethanol and 3x hiinutesin 100% ethanol. The
Leica EM CP30 was used for critical drying. Small pots for critical drying were
initially cleaned and loaded withesample. Alcohol was poured into the sample
holder before pots were loaded. Sample holder wassested into the critical
dryer. The critical dryer as run at 2&, 1.0 bar with a processing time of 1.5
hours following machines protocol book. Following critical point drying,
samples were taken out and subjected to sputter coating. The sputter coater
Polaron SC7640 was used for gold coating. Morpholeay then viewed under

the JEOL Jsna6969LV scanning electron microscope.

3.2.3. Gram staining

Bacterial cells were heat fixed on grease free microscopic slides. The slides were
flooded with crystal violet staining reagent for 1 minute and washed off with
distilled water. Care was taken to ensure the cell concentration was not too light
or heavy. The mordant, Gram's iodine, was added for 1 minute and washed off
with distilled water. The decolourising agent was added and incubated for 15
seconds before rinsing off thi distilled water. Safranin was addeohd
counterstaiad for 1 minute. Slides were gently washaadera steady stream

of tap water until no colour ran off. Slides were finally blotted and allowed to
air dry. The result was observed under oil immersiomgus Brightfield
microscope (Smith & Hussey, 2005).

3.2.4. Phenotypiccharacterisation of novel species

Based on 16S rRNA gene analysis, closely related type strains to the novel
isolates from CWW (cassava wastewater) were selected for phenotypic

characterisation. The type straMscoriairiae (DSM 44875) M.olivastetospora
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(DSM 43868)M.cremea(DSM 45599)and M.endolithica(DSM 44398 were
identified to be closest relatives to nowicromonosporasolates Similarly,
Salbidoflavus (DSM 41815)was the closest relative to novBtreptomyces
isolate from CWW.AIl media sterilised by autoclaving was done at |t

pressure (121°C) for 15 minutes. This was then allowed to cool to 50°C.

3.24.1. Preparation of fresh bacterial suspensions

Standardised bacterial suspension for all isolates was preparadhieve
consistency and reproducibility in results. Isolates wayeulated for 3 days on
Tryptone soya agar (TSA) (Oxoid, CM0131). Colonies on agar plate were
picked and mixed using ¥ strength Ringers solution (Oxoid) to a suspension of
McFarland Standard 3 turbidity (McFarland Standard, bioMerieux UK). This

was carrié out in sterile bijou bottles.

3.2.4.2. Temperature tolerance test

The ability of isolates to grow at various temperatures was determined on the
basalGYM medium as described by Williares al. (1983) which contained 49
Glucose, 49 Yeast extract, 10g Malt extrég,CaCQ, 12g Agardissolved in
1000ml distilled water. The pH was adjusted to @izl autoclaved.emperature
tolerance tests were conducted in replidishes on all isotateisa range of
temperatures from°€, 15C, 25C, 28C, 37C, 45C to 55C andexamined for

growthafter 7 and 14 days while plates &£4153C was measured after 6 weeks.

3.2.4.3. pH tolerance test for CWW isolates

The ability of isolates to grow at various pH range was determined on the GYM
basal medium described above. The medium wasstat] to 4.3, 7.3 and 10.3,
respectively and autoclaved. Replidishes at the respective pH were incubated at

28°C. Replidishes were examined after 7, 14 and 28 days for growth.
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3244, Growth in the presence of sodium chloride

The ability of isolates to grow at vaus salt concentrations was determined on
the GYM basal medium (see above). Medium was supplemented with sodium
chloride at 1%, 5%, 10%, 20% (w/v) concentration. The pH was adjusted to 7.2
and medium was autoclaved. Replidishes were inoculated withte@sodand

incubated at 28°C. Replidishes were examined after 7,14 and 28 days for growth.

3.24.5. Organic compounds as a sole carbon source

The ability of isolates to use 20 different carbon sources was determined on the
basal medium described by Shirling aAdttlieb (1966). Carbon sources used
were sodium acetate, ribose, arabinose, arginine, citrate, fructose, fucose,
galactose, glucose, histidine, maltose, maltotriose, mannitol, mannose,
raffinose, rhamnose, sorbitol, starch, sucrose and xyl@sehcarbonsourceat

1% w/vwas added to the basal media, with the exception of citrate and sodium
acetate, which were added at 0.1 % (w/v). Basal medium consisted of 2.640 g
(NH ) SO , 2. 38 0dPQuIBHO, AL 000g MgS@G/H®5 0 g K
0.0064g CuS@5H.0, 0.0011 FeS@7HO, 0.0079g MnGl7H.O , 0.0015¢g
ZnSQ.7H0, adjusted to pH 7(at 25°C) For each carbon source, 24.83g of
the dehydrated basal medium was suspended irm®@istilled water.The
medium wasautoclavedbefore carbon source was added (h06f 10% filter
sterilised carbohydrate solutionjhe mediumwas mixed and dispensed into
replidishes. Test isolates were added, eeplidishes were incubated at°23

Growth was observed after 7, 14 and 21 days.

3.2.4.6. Utilisation of nitrogen source for growth
The ability of isolates to use 12 different nitrogen sources was determined on

the medium described by Willianet al. (1983). Arginine, glutamine, valine,
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phenylalanine, threonine, glycine, serine, asparagine, methionine, glutamic acid,
histidine, andcysteine were used as nitrogen sources. The basal medium
comprised of 1.0% (w/v) Blucose, 0.1 % (w/v) ¥HPQ, FeSQ. 7H:0, 0.001

% (w/v), 0.05% (w/v) NaCl, 0.05% (w/v) MgSO/H0, 1.2% (w/v) Bacteagar
(Difco), 1000mldH20. The pH was adjusted to 7.0h& medium was heated
slightly to ensure all components were completely dissolweire it was
autoclaved Nitrogen sources were filter sterilised at 0.1% w/v into autoclaved
medium and dispensed into replidishes. Test isolates were streaked, and
replidishes were incubated at Z8. Growth was observed after 7, 14 and 21 days

for all test isolates.

3.24.7. Degradation tests

Degradation tests were carried out on Adenine (0.4%, w/v), tyrosine (0.4%,
w/v), hypoxanthine (0.4%, wi/v), xanthine (0.4%, w/v), xylan (0.4%v)w/
guanine (0.4%, w/v), casein (0.5%, w/v), cellulose (1.0 %, w/v). The basal
medium described by Williamegt al (1983) was utilised to test for the
degradation of each compound. Each compound was filter sterilised respectively
into separateGYM agar (Se above).Care was taken to ensure insoluble
materials were evenly distributed. Replidishes were examined after 7, 14 and 21
days for all test isolates. A clear zone under and around the bacteria growth

suggested degradation by test isolate.

3.24.8. Allantoin hydwolysis

The degradation of allantoin (a diureide of glyoxylic acid) was determined on
the medium described by Gordenal. (1974). 0.33% (w/v) allantoin was added
to the medium containing 0.2g Mga®@H:0, 0.2g KC1, 1g (NHHPQ: and

15g Agar. The ptbf the mediavas optimised to 7.2 before suppleniegivith
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phenol red as pH indicator (0.04% solution of phenol redn2@itilled water,
1,000ml). 0.5ml of standardised culture was pipetted into wells of replidishes
containing basal medium. Replidishes were read after 14 days upon incubation
at 28C. A colour change from orange to pirdd in the medium infers the

presence fawo hydrolytic enzymes.

3.24.9. Ureaseproduction

The degradation of urea was determined on the urease medium described by
Gordonet al (1974). Urea (1.76 % w/v) was filter sterilisadd addedo the
medium containing 1g yeast extract, 9.5g-MRQy, 10g KH2P@&, 0.04%
solution of phenol re¢20ml in 1000 midistilled wate}, pH adjusted to 6.@nd

was autoclavednoculated agar plates were examined for colour change after 7
and 14 days. Urea is degraded by urease to release ammonia. The release of
ammonia therefore increases the pH of the medium. A colour change from

yellow to pinkred indicates a positive urea degradation.

3.2.4.10. Aesculinand arbutin hydrolysis

The hydrolysis of aesculin and arbutin
determined on thedasal medium described by Kroppenstedt and Kutzner (1976).

Slopes of aesculin were prepared by filter sterilising 0.1 % w/v aesculin into

basal medium containing 0.75g Soy peptone,0.5g ferric ammonium citrate, and

3g yeast extract (Oxoid), 15g agar in 1000 distilled water. The pH was

adjusted to 7.4andthemedium was autoclavetsolateswere streaked onto the

surface of agar slopes. Slopes were examined for blackening after 7 and 14 days
following incubation at 2&. Test control was prepared by inating test

isolates on slopes without aesculin and arbutin, respectively. Colour change after

7 and 14 days was also observed.
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3.24.11. Starchhydrolysis

The hydrolysis of starch was <carried
and b amyl as erstocdl describmdvby iGordadt dd €1974). An

initial 1.5g of potato starch was suspended imlé¥ distilled water and added

to 100nl of nutrient agar. Nutrient agar was prepared (w/v): 0.5% peptone, 0.3%
yeast extract, 0.5% NacCl, 1.5% agad autoclaveduplicate replidishes were
prepared for each isolate to be inoculatéde first setof replidishes were
flooded with 95% ethanol t&r 5 days, and the other sets were flooded after 10
days. Replidishes were allowed to stand for 15 to 30 minutes each time. A clear

zone under and around the bacteria growth indicates starch hydrolysis.

3.2.4.12. Degradation ofween 2040, 60,and80

The degradan of water soluble esters of higher fatty acids and
polyoxyethylene derivatives of sorbitan melaoirate (Tweens 20), palmitate
(Tweens 40), stearate (Tweens 60) and oleate (Tweens 80) were determined on
the basal medium described by Sierra (1957). Bpae the media, 1.0 v

of each tween were sterilised separately intonfl0ff basal media containing
0.1g CaCI2H20, 10g Difco Bactgeptone, 5g NalC 15 g Agar, in100 ml
distilled water. The pH was adjusted t@ and autoclaved. Replidishes were
incubated for 14 days at Z8. Following incubation, replidishes were observed
for the precipitation of fatty acid calcium salts produced by the activities of
specific esterase An opaque halo under and around the bacteria growth

indicates a positive reaoti.

3.2.4.13. Susceptibilityand resistance to antibiotics
The ability of isolates to grow in the presence of 10 different antibiotics was

measured using the disc diffusion assay described by Jorgensen (1998). Test
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bacterial suspensions were initially adjusted to a turbidity equivalent of 0.5
McFarland standard. This was folled by thenoculationof 0.1 ml of isolates

on GYM medium.The mediumpH was adjusted to 7.2 and autoclaved before
dispensing into plates. Discs previously soaked in Oxytetracycline (Oxoid; 30ug
mlY), ampicillin (Oxoid; 25ugnl™?), tetracycline (Oxoid; 30g mI™Y), polymyxin

B (Oxoid; 300ug ml™), penicillin (Oxoid; 10pugml™), Amoxycillin/clavulanic

acid (Oxoid; 3ugml?), oxacillin (Oxoid; 1ugml?), vancomycin (Oxoid; 5ug
mlY), Ciprofloxacin (Oxoid; 10ugnl) and Neomycin (Oxoid; 10uml™?) were
systenatically placed on the surface of plates containing the test isolates. Plates
were incubated at 28 for 7 days. A clear zone around the bacteria growth
suggests susceptibility to the antibiotics. The diameter of inhibition zone (mm)

was measured for eaamtibiotic.

3.24.14. Growth in the presence of lysozyme

The ability for isolates to grow in the presence of lysozyme was determined on
the basal medium described by Goradral (1974). 0.005% (w/v) lysozyme

was added to glycerol broth containing M0 glycerol, 3 g beef extract,
peptone, in 100l distilled water; pH 7.0. The medium was autoclaviétee
millilitre sof media was aseptically dispensed into the wells oflstexplidishes

after which,5pul of test isolate was used to seed each replidish before incubating
at 28C for 2 weeks. Replidishes were observed and scored based on the growth
in relation to the positive and negative controls. Positive results are isolates

which were resistant to lysozyme.

3.2.4.15. Nitrate reduction
Test bacterial suspensions were initially adjusted to a turbidity equivalent of 0.3

McFarland standard using ¥4 strength Ringer's solution. For all test isolates, 5ul
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was inoculated in nitrate broth comtismg: 5.0g Peptic digest of animal tissue,
3.0g Meat extract, 1.0g Potassium nitrate, 30.0g Sodium chidisdelved in
1000 ml distilled water and autoclaveBests were incubated for 14 days at
28°C. A few drops of Nitrate A reagent (MicrogenmORef MID61a) and
Nitrate B (Microgen 1l Ref MID61b) was added. The formation of a red
colour following the addition of nitrate B indicates the presence of nitrite and

was positive for nitrate reduction and negative for nitrite reduction.

3.24.16. Enzyme detection

The ability of isolates to produce the following 20 enzymes was determined

using the APl ZYM Kits (Biomerieux): Alkaline phosphatase4 @sterase, -C

8 esterase lipase; T4 lipase, Leucine aminopeptidase, Valine aminopeptidase,
Cystine aminopeptidase, Trypsin -Cbhymotrypsin, Acid phosphatase,
NaphtholAS-Bl-p h o s ph o hy é3ad laacsteo,sGallas®t, o sbdas e,
Gl ucur oGl daoe iGlitbsidase, Mcety-kP-gl ucosami ni das
Ma n n o s i-Rleosidase. Bhkteria test isolates were initially grown o TS

agar plate. Colonies were picked and mixed using % strength Ringers solution
(Oxoid) tomakea suspensioequivalent taVicFarland Standard 5 turbidity. The

API ZYM incubation box was prepared by addingl®f distilled water into the
honeycombed wells. The test strip was removed from the package and was
placed in the incubation box. 65ul of standardised test isolate wiasl &ml each

cupule. Strip was covered and incubated 4C28 humidified trays overnight.

Same conditions were ensured for all test isolates. Following incubation, a drop

of ZYM A and ZYM B reagent was added to each cupule. ZYM A contained
TrissHCL and saium lauryl sulphate in water while ZYM B contained

diazonium salt Fast Blue BB in-rdethoxyethanol. API strips for each test
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isolate were allowed to stand in bright light for 5minutes to allow the
development of colour. A colour change revealed the &etviof enzymes
present in each cupule. Each cupule was scored based on the intensity of the
colour produced. Scoring was from zero representing an absence of enzyme
activity to 5, indicating very strong enzyme activity. Scores from 0 to 2 were

classifiedas a negative reaction, while 3 to 5 v8asredas a positive reaction.

3.24.17. Hydrogensulphide production

The ability of isolates to produce Hydrogen sulphideS)Hvas determined by

the method ofWilliams et al (1983) Isolates were inoculated in a nitrate
medium containing.0g Peptic digest of animal tissue, 3Mgat extract, 1.0g
Potassium nitrate, 30.0g Sodium chloritissolvedin 1000ml distilled water.
Isolates were inoculated into the broth andubated for 14 days at 28.
Hydrogen sulphide (¢8) formation was determined after 14 days by inserting
lead acetate filter paper on the neck of the nitrate medium. Blackening of sterile

lead acetate filter paper indicates positive result.

3.2.4.18. Catahse activity

Catalase activity was detected on a microscgpde as described by Williams

et al (1983). Few drops of 20% (v/v) hydrogen peroxide was added to a loop
full of 7-day old biomass grown on Tryptone soya agar plates. The evolution of
oxygen bubbles on the surface of the mixture within 5 minutes dfiaud

suggests a positive catalase activity.

3.2.4.19. Acid fastness
Acid fastness was deduced for all test isolates as described by Gairdbn
(1974). Bacteriasmearof representative isolates whasat fixed on grease free

microscopic slides. The slides wdleoded with carbol fuschin stain (saturated
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ethanol solution of basic fuchsin, bdl; 5% aqueous phenol solution, &0)

and heated for 5 minutés steamingemperatureThe slide was rinsed off with
water. The smears were decolourised using acid al¢®béb ethanol, 9l;
concentrated HC1, @l). Slides were washed gently in running sterile distilled
water. Next, slides were counterstained with 0.1% methylene blue-2or 1
minutes. Slides were finally adried for 30 minutes and examined under the
microscope.

3.2.5. Fatty acid analysis

Fatty acid analysis was carried out on the fredized biomass of all isolates.
Isolates were grown for 48 hours in GYM broth medium and harvested.
Harvested cells were frozen overnight80°c. TheEdwards freeze dryer (3983)
was used to obtain the fraedried biomassT he type strainl.coriairiae (DSM
44875), M.cremea (DSM 45599), M.endolithica (DSM 44398 and
M.olivastetospordDSM 43868) were compared wilficromonosporasolates
2CPEGATSA42, 3CWEGATSA52 CMESCA4TSAl1l, 3CPEGATSAL,
3CPEGATSA1B, 2CFE&BTSA32, 3CPEGATSA70 whileSalbidoflavus
(DSM 41815)was compared witBCPEGATSAG6Grom genusStreptomyces

The extraction of cellular fatty acids was carried out, as describethbser
(2006) 40 mg of each freezdried samplewas added to a clean, digflon
lined screw cap test tube.ril of reagent 1 (45g sodium hydroxide, 130
methanol, 15l deionised distilled water) was added into the Tefload
screw cap, tightly sealed and vortexed fditbseconds. Each sample was placed
ona rackandthen loiled for 5minutesin a water bath. Samples were vortexed
for 5 seconds checked for leakage and boiled for another 25 minutes. Tubes were

cooled at room temperature in a water bath following boilliwgp ml of reagent
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2 (195ml of 12N Hydrochloric acid, Z&ml methanol, 13l of deionised
distilled water) was added to each tube. Tubes were tightly sealed and vortexed
for 10 seconds then heated in a water bath fanituitesat 80°C. Tubes were
cooled quickly by transferring into a water bath set at room e¢eatpre.
Following cooling, each tube was uncapped, andril28 reagent 3 (200l
Hexane, 20t Methyl-tert-butyl-ether) was added to the tube. Tubes were
tightly sealed and placed in a rotator mixed-emdr for 10 minutes. Tubes were
uncapped in batcland the lower aqueous phase was discarded.dd reagent

4 (10.8g sodium hydroxide, 900 deionised distilled water) was added to each
tube. Teflonlined tubes were screwed tightly and rotatediendr for 5
minutes. Tubes were centrifuged for 3 minuaes000 rpm(1920 xg) Two-

thirds of the upper solvent phase following centrifugation was removed and
placed in a GC sample bottle for fatty acid profiling.

The Trace 1300 series Gas Chromatograph coupled with a sjagtiupole

mass spectrometer (TherrRsher Scientific, Hemel Hempstead, UK) was used

to profile fatty acid extracted from bacteria cells. AHAME extracts were
incubated at 40°C for 2 mieswith intermittent shaking. A FAME mix G8

C24 (Sigma Aldrich, USA) was used as the standard for this GC analysis. A
50/ 30 em (Supel co, -phase meroeAtdadioni(SPME) UK)
fibre was used for 4thinutes extraction of samples then desorleedmin.The
separatiorwas carried with a ZBVAX capillary gas chromatography column
(length 30 m, i nternal di ameter 1 mm,
temperature was set at 200°C in splitless mode with a constant carrier pressure

of 18psi.Thecolumntemperature was held initially at 40°C for 2min, increased
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by 8°C/miruteto reach 240°C and held for 1 min. Full scan mode was used to
detect fatty acids (mass range from m/z 35 to 200).

3.2.6. Growth of novelisolates on cassava waste effluent

3.2.6.1. Culture o agar

The ability of allactinobacterifisolates to grow on CWW effluent wassted
Representatives from each genus previously isolatrdincubated on CWW
agar. Isolates used welicromonospora(3CPEGATSAY(), Streptomyces
(BCPEGATSAG66)Micrococcus(CMEYMATSAL12B) including Rhodococcus
opacustype strain (DSMZ 43205)Cassava waste effluent from which these
isolates wereriginally isolated from weraised in the preparation of the agar
media. For Micromonospora (3CPEGATSA7() and Streptomyces
(BCPEGATSAG6) isolates, cassava pressing effluBom company 3
(Reputable food and alligdwvas used.Micrococcus (CMEYMATSA12B),
cassava starch effluefrom company 4(Matna foods)was used (Table 3.1
summarises the sample details). Ritodococcus opacugpe strain (DSMZ
43205), the ability to grow orassava effluent was investigated equalbs<ava
pressing effluentfrom Reputable food and alliedompany wasused to
investigatethis potential. This was because this sampling point had a high
diversity of actinobacteria when investigated during the culflegendent
analysis.

For each isolate, 100 of CWW agar was prepared by addingrafOCWW
into 50ml autoclaved agar supplented with Nystatin (251g/ml). This agar
was initially prepared by adding 1.5g agar intombOof distilled water.

Potassium phosphate buffer was used in the preparation of CWW agar to
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maintain the pH 7.0. Potassium Phosphate buffer (0.1M concentration) was
prepared by adding 9.3g K2HPO4, and 6.3g KH2PO4, inrh00i3tilled water.
MicromonosporaStreptomycedVlicrococcuswere the isolates obtained from
CWW effluentto be incubated on CWW agd&hodococcus opacwgas also
incubated orCWW agarto observe their ability to grow on waste effluent. A
loopful of cells from Micromonospora (3CPEGATSA7(, Streptomyces
(BCPEGATSAG66) Micrococcus (CMEYMATSAL12B) and Rhodococcus
(DSMZ 43205) initially grown on TSA were inoculated in TSB fod&ys at

28°C. Test isolates were washed twice in deionised water before standardisation
to Mcfarland standard 3 (McFarland Standard, bioMerieux UK) using %
strength Ringer's solution (OxoidPne ml of standardised inoculéor all
isolateswas agitated to produce an ev&rspension before pipetting into the
wells of sterile replidishes containing CWW agar. Replidishes were incubated

at 28C and was examined after 7 and 14 days for growth.

3.2.6.2. Confirmatian of isolates grown on waste effluent agar

To confirm the identity of isolates grown on CWW agar, Repetitive Extragenic
Palindromic (REP) PCR was used to compare the REP fingerprint profiles
between isolatesetrievedon CWW replidisies and the original inoculated
cultures.DNA extraction was carried out by following the protocolLefgras

and Karst (2003]see section 2.2.2.2REP PCR was carried out using REP
primers ReplRI: iiiCGIGCICATCIGGC and Rep2l: iICGICGTATCIGGCCTAC
(De Bruijn, 1992) Protocol for REFPCR was carried out as earlier described

(see section 2.2.2.3.1)
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3.3.

Results

3.3.1. Microbial isolates

Theeight isolatesusedwere previouslybtained from cassava waste effluant
different sampling pointd hese isolates were chodeased on their uniqguREP
fingerprint patternwhich delineated them from other species within the
con®rtium observed They represent thdsolated diversity within cassava

effluentwhich suggestegotential novelty when compared with published type

strains Table 3.1 shows thorigin and details of isolates

Table3.1: Actinobacteria isolates in this study obtained from CWW

Isolates | Isolate code Genus Origin of

isolation

1 2CPEGATSA42 Micromonospora | Pressing stage
(Accession (Bilatrade food)
number:-MWA26320)

2 3CWEGATSAS2 Micromonospora | Washing stage
(Accession (Oxford Foods),
number:MWA26318)

3 CMESCA4TSAll Micromonospora | Cassava starch
(Accession effluent
number:-MWA26316) (Matna foods)

4 3CPEGATSA1 Micromonospora | Pressing stage
(Accession (Reputable foop
number:MWA26314)

5 3CPEGATSAI1B Micromonospora | Pressing stage
(Accession (Reputable food
number:MWA26315)

6 2CFEGATSA32 Micromonospora | Fermentation
(Accession stage(Bilatrade
number:MWA26321) food)

7 3CPEGATSA70 Micromonospora | Pressing stage
(Accession (Reputable food
number:MWA26317)

8 3CPEGATSAG66 Streptomyces Pressing stage
(Accession (Reputable food
number:MWA26323)
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3.3.2. Morphology

The morphology of all unique actinomycetes isolated from CWa&observed
undera microscopeAll tested isolates, as seen in Table 3.1, grew well on both
GYM and TSA. All closely related isolates Micromonospora(isolate 17)
were grarpositive and filsmentousin morphology These isolates varied in
colour from cream to intense orang€olonieswere raised and folded. They
changed todark colour after 4 to 10 days of growth. Fig 3.1 shows the
morphology of isolates cultured on GYM agar. SEM image (RAy&fter 5 days

of development on GYM agar, show single frantile spors on both short and
long tip of the hyphae fdvlicromonospora

Isolate 8 Streptomycsvas grarapositive, filamentous bacteria with a smooth,
raised morphology and was white in colour. They turired bright white
coloniesafter 4 days of growthvith complex substrate mycelium and stuck

tightly onthe surface of agar plates (Fig. 3.3)
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Figure3.1: Morphology of allMicromonosporasolates cultured on GYM agar.
Strain  1(2CPEGATSA42), Strain 2 BCWEGATSA5), Strain 3
(CMESCAA4TSALll),Strain 4 (3CPEGATSAL)Strain 5 (SCPEGATSALB),
Strain 6 (2CFEGATSA32), Strain 7, 3CPEGATSA70), Strain 8
(BCPEGATSAG6)type strain 1=Micromonosporacoriariae. type strain 2=
Micromonosporaremeatype strain 3-Micromonosporandolithica
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Figure3.2 : Scanning electron micrographs of culture showing spmmeéboth short and long tip of the hyphdcromonosporasolates 17 and
type strainM.cremea, M.coriariae, M.endolithicand M.olivastetosporaThe micron (um) scale bars in the respective image legend is used to

determine average spore sizes
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Figure3.3: Morphology ofStreptomycessolates and closely relatégpe strain.

(a) Isolate 83CPEGATSAG6 (Streptomyces (b) type strain Streptomyces
albidoflavus

3.3.3. Phenotypic characterisation of novel species

3.3.3.1. Growthtest

The optimal pHtemperature and NaCl concentratitorsoptimum growthwere
investigated for all isolates. As shown in Tabl2 I3elow, allMicromonospora
isolates 17 grew best between Z5and 3?C, albeit at some temperatsriney
grow well at different pH levelsStreptomycessolate 8 grew best at
temperatures of 1% to 37°C. No growth detected on all plates incubated at
temperatures of°C and 58C. Sparing growth was observed in isolates 1, 4 and
5 at 48C. As seen in able 32, pH results suggest the rate at which isolates are
affected by a change in pH levels. Micromonosporasolates grew well at pH

of 4.3, 7.3 and 10.3. Isolate 8 was unablgrmw properlyat a pH of 4.3 but
grew well at pH 7.3 and 10.3.

The ability of all isolates to withstand salt stress was also evaluated by culturing

with NaCl concentrations of 1%, 5%, 10% and 26%@m the result, sodium
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chloride tolerance for aMicromonosporasolates was only at 1%. Isolate 8 was
able to develop at concentrations e6% NaCl concentrations only.

Table 3.2: Effect of temperature, pH and sodium chloride on the growth of

actinomycete isolates obtainedrin cassava waste effluent

o
8

[%2]
S o S g
T 8 8 £ 2
S &8 £E S &
£ 5 ¢ 2 =
T 2 9 @ ©
TESTS 12345678 n = s = =
Temperature®C. pH43 - - - - - - - - - - - - .
pH73 - - - - - - - - - - - - .
pH103 - - - - - - - - - - - -
Temperature 1% pH43 - - - + + - - - - - - - -
pH73 + - + + + - + + + + + + +
pH103 - - - - - - - - + - - - -
Temperature 28 pH43 + + + + + + + - -  + + - -

PH73 + + + + + + + + + + + + +
pH103 + + - + + - + + + - - - -

Temperature 2Z& pH43 + + + + + + + - - + + + -
PH73 + + + + + + + + + + + + +
pPH103 + + - + + - + + + - + - -

Temperature L pH43 - + + + + + + - - + + - -
pPH73 - + + + + + + + + + + + +

pH103 + + - + + - + + + - - - -

Temperature 4& pH43 + - - - + - - - - - - - -
PH73 + - - + + - - - - - - -
pH103 + - - + - - - - - - - - -

Temperature 5%& pH43 - - - - - - - - - - - - -
pH73 - - - - - - - - - - - - .
pH103 - - - - - - - - - - - -

NaCl Tolerance 1% + + + + + + +
5% - - - - - -
10% S T T - - - -
20% S - - - -

( Tnggative, (+) positive.
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3.3.3.2. Catalasectivity

Figure 3.4: Catalase activity indicated by the formation of oxygen bubbles
following the addition of HO,.. Isolate 1=2CPEGATSA42, Isolate 7=
3CPEGATSAT0.

The ability to secrete enzymes involved in catalysing oxygen release from
hydrogen peroxide (#D2) was determined for test isolates fror.1All isolates
tested positivéor catalase activity due to the formation afygen bubble on the
microscopic slide's surface. Fig.43illustrates a positive catalase activity

indicated by the appearance of oxygen bubbles following the additiogOaf H

3.3.3.3. Acid fastness

Isolates 18 were tested for mycolic addo differentiate isolates into acfdst
or nonacid fast groups. Following the addition of carfmdhin and
decolourising with acid alcohol, all isolates81lretained the counterstain

methylene blue colour.
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3334, Hydrogen sulphide production

H>S test was caied out on all isolates-8. Cell growth was observed in the
nitrate broth for all samples, indicating suitability to utilise the medium for
growth after 14 days. However, there was no colour change or blackening of the
lead acetate filter paper suggestithgt S was not produced from all tested

isolates.

3.3.3.5. Carbonsource utilisation

In this study, 20 different carbons sources were usesdtuate thésolatesfor

growth and assimilation on each sourdacubation was carried out on
replidishes containing the different carbon sources, as sdeabla 33. Isolates

(1-7) could be differentiated from each other based on the utilisation pattern.
From all isolates, 1 and 2 had similarities between theocasburcesthey
assimilated. Isolate 8 showed similaritiesytpe strainSalbidoflavusin 18 of

the 20 carbon sources tested for. All other isolates suggested a slight difference
from each other based on their carbon utilisation. These isolates also showed
differencesn comparison withhe type strains. From the result, amongst the 20

carlon sources, only citrate was not used by any of the isolates for growth.
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Table3.3: Carbon source utilisation for CWW isolate and respedtyipe strains

©
" 8
s, ¢ 8
£ s g £ &
3 & £ 3 ¢
s 8 3 8§ %
TESTS 1 2 3 45678 pn =S = s =S
carbon source
Sodium acetatt + + - - - - - - - - - - -
Ribose + + - - - -+ - - - - - -
Arabinose + + + - - - -+ 4+ - + - -
Arginine + -
Citrate - - - - - - .- - - - -
Fructose + + + - - - -+ o+ - + - +
Fucose + + + - - - -+ o+ o+ o+ -+
Galactose + + + - - - -+ o+ -+ -+
Glucose + + + + + + - + + o+ o+ - -
Histidine + + - - - - -+ 4+ - + - -
Maltose + + + - - - -+ o+ -+ -+
Maltotriose + + + - - - -+ o+ o+ o+ - +
Mannitol + + + - 4+ - - + 4+ + + - -
Mannose + + + - - - -+ + -+ -+
Raffinose + + + 4+ - - -+ 4+ - - - -
Rhamnose + + - - - - L -+ 4+ - - +
Sorbitol + + + - - - -+ o+ -+ -+
Starch + + + - - - -+ o+ o+ o+ - .
sucrose + + + - - - - -+ + + - +
Xylose + + + - - - - + + 4+ + - +
(7T) negative, (+) positive
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3.3.3.6. Utilisation of nitrogen

The ability to utilise 13ifferentnitrogen sources was determined forralizel
isolates. Isolates were ableassimilatenitrogen sources, as described able

3.4 below. Isolates I showed differences in the assimilation of tested nitrogen
sources. This test distinguishes each isolate between themselves and the type
strains prouling information on the nutrient requirements affecting growth.
Isolate 8, however, was similar to the closest type sBailbidoflavusfor all

tested nitrogen sources.

Table 3.4: Nitrogen source utilisation for CWW isolate and respectijze

strains
s
8

O

3 & £ 3 ¢

2 3 8 8 %
TESTS 1 23 45678 n sS s s S
Utilisation of Nitrogen
Arginine + .
Glutamine + + + - - o+ - 4+ o+ - - -
Valine + + + + + + + + + + o+ - -
PhenylAlanine - T T I =
Threonine - + + - o+ - -+ o+ - + - +
Glycine - T
Serine - - = - - - - + + - + - -
Asparagine - -+ - - - + + - - + -
Methionine + -+ o+ + + o+ + + - + - +
Glutamic acid + e . - - +
Histidine - . . - - -
Cysteine - T
(7)) negative, (+) positive.
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3.3.3.7. Degradatiortest

The ability for allisolates to degrade a variety of compounds was determined.
The clearing of the insoluble compound around and under the growth areas
indicated a positive reaction for these tests. From Taldeéb@ow, esculin,
casein, and starch were hydrolysed by the ntgjof isolates. There was no
esculin hydrolysis observed on plates inoculated with isolates 2 and 8. Casein
was not hydrolysed by isolate 5. There were negative results on isolate 1,2, and
7 tested on Tween 40 and isolate 7 tested on Tween 80. Isolats &ble to
hydrolyse both urea and tyrosine in comparison with other tested isolates. Isolate
8 was also able to hydrolyse tyrosine. F§%.3.6,3.7,3.8and 3.9 illustrate the

reactions occurring in tween, esculin, arbutin, urea and starchrésgistvely.
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Table 3.5: Degradation test carried out on CWW isolates and respegtiee

strains
o
2

£ & g £z

T £ 5 2 :

g e ¢ @ o9
TESTS 1 23 45678 5 s s s s
Degradation
Arbutin - - - - - - L - + - .
Allantoin - - - - - - -+ o+ - - - -
Urease - B L - - - - -
Aesculin + -+ + + + + - - + + o+ -
Adenine - - - - - - - - - - - -
Tyrosine - - - -+ - -+ o+ - - - +
Hypoxanthine - - - - - - - .- - - - -
xanthine - - - - - - - - - - - -
Xylan - - - - - e - - - - - -
Guanine - - - - - - - - - - - -
Casein + + + - + + + + + + + + -
Starch + + + + + + + + + + + + +
Cellulose - - - - - - - - - - - -
Tweens
20 + + + + + + + + + + + + o+
40 - -+ 4+ + + -+ +  +  + o+ O+
60 + + + + + + + + + + + + +
80 + + + + + + - + + + + + 4+
(7)) negative, (+) positive.
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Figure3.5: Hydrolysisof Tweengby Isolate 17 showing zones of precipitation
around colonieslsolate 1= 2CPEGATSA42, Isolate 2= 3CWEGATSAS2,
Isolate 3= CMESCA4TSAll, Isolate 4= 3CPEGATSAL, Isolate 5=
3CPEGATSAIB, Isolate 6= 2CFEGATSA32, Isolate 7= 3CPEGATSA70
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Figure 3.6: Hydrolysis of esculin showing darkened agar (positive result) and

absence of colour change (negatigsult)
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Figure 3.8: Hydrolysis of urea showing positive reactiofsolate 1=
2CPEGATSA42, Isolate 2= 3CWEGATSAS2, Isolate 3= CMESCA4TSALlL,
Isolate 4= 3CPEGATSAL, Isolate 5= 3CPEGATSAI1B, Isolate 6=
2CFEGATSA32, Isolate 7= 3CPEGATSAT7O0 Isolate B=PEGATSA6G6
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Figure3.9: Hydrolysis of starch showing region of clearing around growth area
1= 2CPEGATSA42, 2= 3CWEGATIR, 3= CMESCA4TSAll, 4=
3CPEGATSAL, 5= 3CPEGATSAILB, 6= 2CFEGATSA32, 7= 3SCPEGATSATO.
8= type strain M.coriairiae (DSM 44875), 9= 3CPEGATSA66
12=M.endolithica(DSM 44398

3.3.3.8. Antibiotic test

Isolates were tested for resistance and susceptibildiffezent antibiotics. The
patterns of resistance of isolates (isola#®) hnd comparative type strains can
be seen in Table @below. Isolate 2 and 5 were resistant to all tested antibiotics.
Isolate 4 and 6 showed similarities in the pattern of registand susceptibility

to the different antibiotics. In comparison with the types strain, Isolate 7 showed
a similar pattern of susceptibility tM.coriariae and M.endolithica for all
antibiotics tested. Isolate 8 showed similar response with type strain
Salbidoflavusfor the antibiotics tested with exception to Neomycin in which
isolate 8 was susceptible, aBélbidoflavuswas resistant. Fig. 3lillustrate

zone of inhibition patterns and the effect of distibioticon the isolates tested.

158|Page



Zone of
inhibition
around
antibiotics test

disc

Figure3.10: Antibiotics test plates (Isolate= 3SCPEGATSAT7)D showing antagonistic effect of disc antibiotics. (A) Vancomycin (B) Penicillin
(C) Tetracycline (D) Oxacillin (EAmpicillin (F) Neomycin (G) Oxytetracycline (H) Amoxylin () Polymyxin (J) Ciprofloxacin
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