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Abstract

Bioethanol can be consideradone of the best replacements for petrol because pbdisive
impact on environment and many other advantages. Currently, bioethanol accoarasitior
2% of the global road fuels and this is projected to incremasundl0% within the next few
decades. Bioethanol is a very high water consuming produitt,an average global water
footprint of 2855 L HO/L ethanol.A growing worldwide demand for bioethanol hassed
concerns over the use of freshwater resourties. PhD project aimed to establish a marine
fermentation strategy for bioethanol produstiwhere seawateaeplacedfreshwater for the
preparation of fermentation media conjunction withuse ofmarine yeast as a biological

catalyst, and potentially utilising a marine biomass (i.e. seaweed) as a carbon source substrate.

Yeasts that are pregein marine environments have evolved to survive hostile environments.
Therefore, yeast isolated from marine environments could have potentially interesting
characteristics for industrial applications. Current methods for marine yeast isolation suffer
seveal limitations as they usually encourage the growth of filamentous fungi and produce low
number of yeast isolates. A new metheaisdeveloped in this study, whiéhcluded a 3cycle
enrichment step followed by an isolation step and a confirmation sgeggp@ying this method

on 14 marine samples (collected in the UK, Egypt and the USA), a large number of marine
yeast isolates was obtained without any bacterial or filamentous fungal contamination.
Amongst these isolates, 116 marine yeast isolates wdteatdfortheir capacity for utilising
monomeric fermentable sugars (glucose, xylose, mannitol and galactose) using a seawater
based media, this assessment of sugar utilisation was performed in a phenotypic microarray
assay. Following determination of @rgutilisation,21 isolates that representing the best sugar
utilisers were further characterised using -pfates (BioLog) and identified by DNA
sequencing using ITS and D1/D2 primers. The identified isola¢éésnged to 8 species:
Saccharomyces cerevisiée strains),Candida tropicalis(4 strains) Candida viswanathi{4
strains), Wickerhamomyces anomaly8 strains), Candida glabrata (2 strain), Pichia

kudriavzevii(1 strain),Issatchenkia orientali§l strain)and Candida albicangl strain).

Out of the21identifiedyeasts9 strains representing different species were screened for ethanol
production using YPD media containing 6% (w/v) glucose@megared by freshwater (ROW)
and seawater (SW). Results revealed that 3 m&ireerevisiastrains (S65571, and S118)

had the best fermentation rates when using SW métiese yeasts were therefdeken

forwardedfor investigation intdheir growth performance under high concentrations of glucose



and seawater salts (the components of synthetic seavirestits determined that thesarine

strains were significantly more tolerant when compared with a reference terfsteadvisiae

strain. Fermentation experiments using YPD media containing 6% glucose were prepared using
synthetic seawater (SSW), 286% and differensodium chloride (NaClgoncentrations (3, 6

and 9%)and resultsconfirmed that the marine strain S65 wasighly halotolerant and

osmotolerant yeast with high fermentative capacity.

In a batch fermentation using 15blioreactors, strai®65 produced 78/L ethanol froml65

g/L of glucosewithin 20 h of fermentatiornwith ethanol productivityf approximatelyt g/L/h.

In a batch fermentatiQrusing sugarcane molasses (about 14% sugar) prepared isti@W,
S65 produce®2.23g/L of ethanbafter 48 h.

According to literaturedetermination osugas in samplesvhich containchloride sak was
inaccurate when applying aexisting HPLC method because chloride ions and sugars
(especially glucose and sucrose) elute at a similar retentionltirties study seawatemhich

contains high concentration dfaCl (about 2.8%) was used for preparing the fermentation
media and therefore, developing a new method for sugar determination wasarecess
Subsequentlyan accurate and reliable HPLC mathfor the simultaneous quantification of
chloride salts, sugars, organic acids and alcohols was developed. The method was validated for
the accurate quantification dfaCl and successfully applied on fermentation sasatewell

as variety of food sampldgom retail market.

The results obtained in this stuflighlighted the potentidlor usingmarine yeasts anthe
suitability of seawateibased medifor the production obioethanolThey also provide a new
strategy for increasing the efficiency of hio@nol production at the industrial level with

positive impact on food and freshwater scarcity issues.
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CHAPTER 1:

1. General Introduction

Il Global demand for energy and the impact on the environment

An evergrowing population and shifting demographics have led to a continuous increase in
global demand for energyfotal world energy consumptias predicted torise from 549
quadrillion British thermal units (Btu) in 2012 to 815 quadrillion Btu in 2040 with an increase
of 48% (EIA, 2016) The rise in energy consumption is mostly caused byQiB6D nations
(Figure 11). As a consequence, world €emissions related to energy will rise from 32.2
billion metric tons in 2012 to around 43.2 billion metric tons in 2040 with an increase of 34%
over the projection period (Figure 1(BIA, 2016) The InterGovernmental Pahen Climate
Change (IPCC) reported that, among greenhouse gasegcC@unts for nearly 55% of the
global warming, and therefore, reduction of Z#issions from fossil fuels is1airgent issue

in order to reduce the global warming tréivéh and Bai, 199).

600 History 2012 Projections

500 Non-OECD

400

300 —

—  OECD

200

100
0 r T T T 1
1990 2000 2012 2020 2030 2040

Figure 1.1: World energy consumption by region, 199@040 (quadrillion Btu)

OECD: Organization for Economic Cooperation and Development. The organization started on 14
December 1960 with 20 countries (18 EU countries plus the United States and Caapdlembers od OECD
now is 35 countries.

Non-OECD: all countries which are not members of the OECD

Source U.S. Energy Information Administration: International Energy Outlook 2016, Report Number:
DOE/EIA-0484(2016)
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Figure 1.2: World energy-related carbon dioxide emissions by fuel type, 1992040 (billion metric
tons)

Source U.S. Energy Information Administration: International Energy Outlook 2016, Report Number:
DOE/EIA-0484(2016)

Price riss of petrol along with the environmental issuessled to he search for alternative
sustainable sources of energy. Bioethanol has been considered to be one of the best fuel
alternatives because it is a liquid fuel and has similar characteristics to petrol. Hence,
governments in many countries have implementedcipsl to increase the percentage of
bioethanol in thie fuel mixes These policies have promoted a thi@le increase in bioethanol
production over the past decade (20@010)(REN21, 2014)

Il Bioethanol, a promising renewable biofuel

Ethanol, also c#&d ethyl alcohol, (@HsOH) is a clear colourless liquid, biodegradable and low

in toxicity. Bioethanol, produced from biological materials such as sugarcane or maize, has
been used for few decades as an alternative fuel to replace petrol. Ethanol dduaegpCO;

and water. Ethanol is a high octane fuel and therefore, it has replaced lead as a safe octane
enhancer in petrol. Bioethanol blended petrol can also be oxygenated, so it burns more
completely and reduces waste gas emissions. Bioethanol blpattetlis widely sold in the

United Statesvith the most common blenaeingE10, which contains 10% ethanol and 90%
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petrol. Vehicle engines do not require modifications to use E10 and vehicle warranéilse are
unaffected. Flexible fuel vehicles only case up to 85% ethanol and 15% petrol blends (E85)
%RALNRYi DQG +0ODYip ..LP DQG /HH

The main advantage of using bioethanol is that it can substantially reduce greenhouse gas
(GHG) emissiongn the transport sector by 8D% whencompaed with gasoline, with only

minor changes to vehicknd the existing infrastructure of fuel distributi@FA, 2015) The

other advantages of using bioethanol as a renewable fuel include: the increase in energy supply
security, the reduction of depletion risks and the improvement of resource diversificiation

Vries et al., 2007)

Biofuels - especially bioethanclare expected to be used as an alternative fuel in the coming
decades, along with the increasing awareness on global warming, climate change and depletion
of the fossil resourcgZaky et al., 204b, Dominguezle Maria, 2013) Worldwide bioethanol
production in 2015 exceeded 97 billion litres/y¢RFA, 2015, AFDC, 2015)contributing
approximately 2.4%0 WKH ZRUOGYV IXHO FRQVXPSWLRQ IRU WUDQ
demand on energy witin ever growing world population and the limited supply of fossil fuels,

the contribution of bioethanol is expected to increase furthertbeeext decades. The USA
Energy Independence and Security Act (EISA) of 2007 mandates annual production of biofuel
in the USA to be 136 billion litres by 2022, most of which is likely to be bioeth@BEd,

2012) The International Energy Agency (IEA) estimated that bioethanol could contribute for
up to 9.3% of the world transportation fuels by 2030 and up to 27%3%3(IRENA, 2013).

Il Challenges facing bioethanol production

The increasing demand for bioethahakled toa large area adrable landeing dedicated to

the growth ofiofuel targeted crops instead of food and feed. Wasesulted in rising food

prices andhasthus limited the further development of bioethanol industry. The Food and
Agriculture Organizatio(FAO) of the United Nations reported that biofuel production has
increased food insecuriffFAO, 2008) The World Bank considered biofuel produatias a

major factorin food price increases. Although it is arguable, one report estimated that about
75% of the increase in food prices, in the period between 2002 and 2008, was related to the
production of biofuelgMitchell, 2008)

Besides land usagesise, significant amousibf waterare beng usedfor the production of

bioethanol, which is much more than other renewable energy systems, such as solar energy and
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wind energy(King and Webber, 2008, Fingerman et al., 20¥@ih the increasing concern on

water shortage, the consumption of freshwater could be a potential barrier for the expansion of
bioethanol production. Gerbehgeenes and Hoekstra (2012) concluded that freshwater
resources in the globe are limited and allocation of water feethianol poduction on a large

scale will be at the cost of water allocation for food and other usages. Therefore, the water usage
issue couldoon be included in tHeod and land usage debate

Bl Objectives of the current study

This PhD projectvasconductedo invedigate a new strategy for bioethanol production aiming
to reduce freshwater consumption during the production of bioeth@m®lproject focused on
the use ofseawateras a replacement fdreshwater and the use nbvel marine yeasas a
replacement fothe conventional industrial yeast strafosthe production of bioethanadrhis
strategy wasvalidated by studying the conversionmblassesas a carbohydrate substrate for
bioethanol production. Molassiessone of thepreferred substrate for fermentatioecause it is

a relativédy cheap industrial byroduct and itontainshigh concentratioof fermentable sugars
(about50% (w/v) of sucrose, glucose and fructodddlasses is produced in a large quantity,
as byproduct from the sugar industry, and itigrently being used for bioethanol production

in many countries such as Egypt.
The objectives of this project are listed below:

a) To develop an efficient and néaborious method for marine yeast isolation (chapter 4)

b) To investigate a new evaluation stgtdor screening the newly isolated marine yeasts
for potential application in bioethanol production using seawadsed media (chapter
5)

c) To establish and validate a convenient HPLC method for sugar quantification in samples
containing high amounts of ldide salts (chapter 6)

d) To explore the potential of using seawatased media in fermentation industry using
marine yeasts (for bioethanol production as an example) (chapter 7)

e) To evaluateghe newfermentationapproach(using SWbased media & marine ydas

using molasses as substrate in-88¢ed media (chapter 7)
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Bl Thesis outline
The thesis is presented as the following:

Chapter 1. Introduction: this chapter introduces the global demand for energy and its impact on
the environment. It also points out thigiexctives of this project, and provides an overview of

this thesis.

Chapter 2. Literature review: this chapter provides a detailed review on marine yeasts and their
applications in industrial fermentatioAlso, it covers a survey on the water consumption

related to bioethanol production.

Chapter 3. Material and methods: this chapter describes all Materials and Methods applied in

this project including the procedures that have been developed in this study.

Chapter 4. Development of an efficient methodtf@risolation of marine yeasts strains: in this
chapter, a new method for marine yeast isolation was developed. The new method was applied
on 14 marine samples (collected in the UK, Egypt and the USA). A large number of marine
yeast isolates were obtaine@hout any bacterial or fungal contamination. 116 marine isolates,
representing different sample sources, different isolation media, and different cell and colony

morphology, were selected for further study.

Chapter 5. Evaluation and identification ofveb marine yeasts: The new marine isolates
obtained in the previous chapter were evaluated for their ability of utilising monomeric
fermentable sugars (glucose, xylose, mannitol and galactose) in a seaasatgmedia using

a phenotypic microarray ass&\. isolates, representing the best utilisers for each sugar, were
further characterised using Yflates and identified by DNA sequencing using ITS and D1D2

primers.

Chapter 6. The simultaneous determination df€@lts, sugars and fermentation metabolites
using HPLC: In this chapter, an accurate and reliable HPLC method for the simultaneous
guantification of chloride, sugars, organic acids and alcohols was developed and validated. The
method was also tested for its suitability of analysing various foogdlearas a demonstration

for its potential to be used in a wider field.

Chapter 7. Bioethanol production using marine yeast and sedvessted media: in this chapter,
nine representative marine yeasts were screened for ethanol production using YPD media

prepared using freshwater (ROW) and seawater (SW). The best three strains were taken
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forwarded to investigate their growth performance under high concentrations of glucose and
seawater salts. Two strains were then assessed for their fermentation capabdiiekigh
concentrations of glucose and salts. The best strain was then used for the production of

bioethanol from seawatérased media using 15 L bioreactors.

Chapter 8. Conclusion and future work: This chapter summarises the results obtained in this
study and proposes plans for future work.

23



CHAPTER 2:

2. Literature Review

Over the last century, terrestrial yeasts have been widely used in various industries, such as
baking, brewing, wine, bioethanol and pharmaceutical protein production. However, little
attention has been given to yeastdated from the marinenvironment Recent researdias

showed that marine yeasts have several unique and promising features over the terrestrial
yeasts, e.g. higher osmotic tolerance, higher special chemical proguatidi production of
industrial enzymes (Kutty and Philip, 2008, Zhenming et al., 2006, Zaky et al., 2014). These
featuresndicate that marine yeasts have great potential to be applied in various fermentation

industries including the production of bioetiah

Traditionallybioethanol production has been carried out using media made with distilled or tap
ZDWHU 6HDZDWHU ZKLFK DFFR X QddNdheRapromisiRg alfeiativE R U O (
in coastal cities, especially in the Middle East wherehireger is increasingly precious.
Seawater contains a spectrum of minerglsch when used in a fermentatiomy avoid the
essential addition of commercial nutriemtbich are currentlyequired for fermentatian In

addition, the use of seawater in ferraions could potentially improve the overall economics

of the process by both reducing freshwater intake and producing freshwater through distillations
in the bierefinery. Therefore, the development of seawater based bioethanol stratégyean

animpad on overcoming freshwater and eneigises.

The special features of marine yeasts, particularly being highly osmotolerant and halotolerant
yeast, make them an ideal choice for bioethanol production especially when seawater is used
instead of freshwatepf preparing the fermentation medium. However, use of seawater rather
than freshwater for fermentation system is still a relatively unexplored area of research,
therefore, the aim of this study was to establish a new strategy for bioethanol producgon usin
seawater instead of freshwater and novel marine yeast strains instead of the conventional
terrestrial yeast for the production of bioethanol. Part of the literature review in this chapter

formed a review paper published in FEMS Yeast Research, (Zaky20#4).

Il Marine yeast

Coastal environments have been identifiedbagng amongsthe most diverse and rich
microbial environmentgDanovaro et al., 2009Fungi have been reported to have an active
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role in the utilisation of available nutrients in marieevironments(Gao and Liu, 2010)
however, their suitability for fermentations under osmotic stress inducing conditions has not
been extensively investigated previously. Yeasts isolated from a marine environment have been
shown to produce commercially eglant extracellular enzymé€Shi et al., 2009)ndicating that

the diversity in environmentslongsidethe shifting panorama iterms of available nutrients
makes the commercial use of marine derived yeast an interesting biosystem to explore.

Yeasts are wkaryotic unicellular microorganisms belonging to the fungal kingdom, currently
there are around 1,500 described species, which represent about 1% of the total fungal species
HILVWLQJ LQ QDWXUH .XUW]PDQ DQG )HOO such. XsUW ] P D
Saccharomyces cerevisjabpave been successfully exploited in various industries such as
ethanol production, bakery, wine making and brewing. In order to satisfy the growing demand
for a fermentatiofbased economy, researchers have been tryirgplateé novel yeast strains

with promising properties, such as, high fermentation capability, high stress tolerance and
producing novel products (Zaky et al., 2014, Cadete et al., 20tid)vast majont of existing

yeasts have been isolated from terrestrial resources such as sugar refineries, breweries, wineries,

bakeries, beet and cane molasses, as well as from various fruits and vegetables.

2.1.1 Marine Yeast Isolation Methods

Over the years, microbiolaglis have developed several methods for marine yeast isolation.
These methods differ in their sampling, sample preparation, medium composition and strain
maintenance. This variation is required to cope with the diverse marine habitats, the target
propertiegequired in the isolates (e.g. the ability of utilizing xylose) and the likely cell density

of the sample (Zaky et al., 2014).

Surface seawater samples can be collected using simple plastic or glass bé&itleses)

Bottles should have screw caps é&asy handling as well as for preventing contamination and
leaks. For aseptic reason, bottles should be opened under water and washed thoroughly using
the seawater-3 times before filling with sample. Sterilized plastic bags, jars and vials can also

be employed in collecting surface samples. Surface seawater samples are suitable for isolating
aerobic and facultative anaerobic yedbtdl, 2001 Zaky etal., 2014 $ 3SQHDU VKRUH ™ Ol
is more suitable for sampling yeasts that are capable of carbthjeirmentation. Samples of

250 mL are generally enough when they are taken near shore, whereas samples from the open

ocean should be at least 1 litre as a lower microorganism density is expected. 50 mL of sediment
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samples are generally considered adequatperiment design and replication should be taken
into account for the required sample volugkell, 2001)

More advanced devices have been designed and used to collect deep sea samples (water anc
sediments). The first water sampler that was able totaiain situ hydrostatic pressure was
reported by Jannasdt al (1973). Generally, Niskin, Van Dorn and Kemmerer samplers are

the most common apparatuses that have been used for deep sea sampling, as shown in Figure
2.1. Niskin samplers can be used sy in series or in a rosette of up to 12 samplers per rack.

Van Dornis a horizontal sampler while Kemmerer is a vertical sampler so that it could fit
narrow areas. These devices can collect samples from as deep as 6000 meters. However, those
devices donot maintainin situ hydrostatic pressure. These samplers usually consist of
cylindrical tube(s) with a stopper at each end (between 1 and 121 tubes per frame). These
stoppers could be controlled remotely from the surfBoeschel, 2011, Singh, 201 Besearch
submarines can also be used to collect dmgpsamples. These devices are larger in size, very
complicated and massively expensive. On the other hand, research submarines allow the
collection of large amounts of samples, good observation of the@esamvironment and instant

work on the samples as it can also carry all the laboratory equipment ri8edgd 2011)

Sample preparation for marine yeast isolation is deg®mah two main factors (a) the desired
characteristics of the isolates and (b¢ expected number of yeast cells per mL. Samples
collected from the open sea usually contain around 10 or fewer cells gé&utty.and Philip,

2008, Fell, 2001) Therefore, filtration of 5 litres seawater is required followed by the re
suspension of theells remaining on the filter in 15 mL of the same seawater filtrate. In contrast
samples collected from the high organic matter containing surface near shore can contain
thousands of yeast cells per rfKutty and Philip, 2008)So, filtration of 100 mLs usually
enough. Alternatively, samples could be subject to an enrichment step for a couple of days
before isolation to select desirable strains with specific characteristics. For extraction from solid
samples, such as seaweed, sea sand, dead maringnolamimal material, a known weight of

solid particles can be transferred into a broth medium for enrichment, or be placed directly on
an agar plate. Serial dilution is required prior to isolation if more than 300 isolates are expected
per mL(Fell, 2001)
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Figure 2.1: The commonly used samplers for deep seawater sampling

(a) Niskin sampler (http://www.godac.jamstec.go.jp/darwin/instrument/mirai/e)
(b) Van Dorn sampler (http://www.kc-denmark.dk/products/water-sampler/van-dorn-water-sampler.aspx)
(c) Kemmerer sampler (http://www.rickly.com/as/kemmerer.htm)

Several different medium recipes have been used for the isolation of marine yeasts. Although
both natural and artificial seawater have been used for preparing medium, natural seawater is
preferable agis closer to the natural environment that the yeasts inhabit. A mixture of broad
spectrum antibiotichasbeen used in isolation media, which have been shown to be more
effective than single antibiotic in inhibiting the growth of bacteria and werehbssful to

yeast cell§Beuchat, 1979, Thomson, 198Bjfferent inhibitors includingrose bengalJarvis,

1973, King et al., 1979 ichloran(Jarvis, 1973and propionatéBowen and Beech, 1967)

have been added to the media in order to inhibit the groivinoulds(Kutty, 2009) Usually

the same medium as used for isolation is also used for maintenance but without added
antibiotics. Plates should be incubated at a temperature similar to the environment where the
samples were collected. The optimum terapgee for marine yeasts vari@§¥atson, 1987)For
taxonomic tests, yeasts are usually incubated at 2Bt@agiar and Barnett, 1971The
following list gives some media and incubation conditions suggested by researchers for the

isolation of marine yeasts
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1.

'LFNHUKDPTV \HDVW P @OV2kgrham) 19PIHIGI4 Kédium is widely used

for marine yeast isolation. It contains (w/v) 1% glucose, 0.3% yeast extract, 0.3% malt
extract, 0.5% peptone and 2% agar. All the chemicals are prepared in seawatknity a sa
equivalent to the sample site. 200 mg/L of chloramphenicol was added into the medium
prior to autoclaving and the final pH was adjusted to 7.0. Alternatively, an antibiotic mixture
of penicillin G and streptomycin sulphate (each at-360 mg/L) canbe added to the
autoclaved, cooled (below 45°C) medium.

Chi et al, (2007) modified a liquid YPD medium (2.0% glucose, 2.0% fpaptone and

1.0% yeast extract, w/v) by preparing the medium with natural seawater instead of fresh
water. 0.05% (w/v) chloraphenicol was also added. This medium should be prepared
immediately after sampling and cultivated at the natural temperature for five days.

Wanget al, (2007) prepared a seawater nutrient agar medium consisting of (w/v) 2.0%
glucose, 2.0% peptone, 1.0%age extract, 2.0% agar. Components were dissolved i half
strength artificial seawater, and the pH of the medium was then adjusted to 4.5. The agar
plates were incubated for 5 days at 20°C. The composition of the artificial seawater was
(per litre); NaCl 20 g; KCI, 0.35 g; MgCGlt 40, 5.4 g; MgSQ@* 20, 2.7 g; CaCGlt 20,

0.54¢.

Masudaet al, (2008) used an YPD agar, containing (w/v) 2.0% glucose, 2.0% peptone,
1.0% vyeast extract and 2.0% agar, supplemented with 3.0% NaCl and 100 ng/ul of
chloramphenicoht pH 6.0. The plates were incubated at 25°C férdays.
HernandezSaavedrat al, (1995) used an isolation medium consists of (w/v) 2.0% glucose,
1.0% peptone, 5.0% yeast extract and 2.0% agar prepared in filtered seawater. The pH was
adjusted to 4.%ith 0.1 N HCI.

Loureiroet al, XVHG D PRGLILHG 6DERXUDXGYV '"H[WURVH
peptic digest of animal tissue, 0.5% pancreatic digest of casein, 4.0% dextrose and 1.5%
agar, w/v). They added yeast extract and chloramphenicol todtiem and incubated the
plates at 28 +1°C. The concentrations of yeast extract and chloramphenicol were not
reported.

Dineshet al, (2011) used SDA medium prepared in 50% seawater. The plates were
incubated at 35°C for 48 hours.

Nagahamat al, (1999) pepared an YM agar medium from Difco, which was dissolved in
artificial seawater (3% NacCl, 0.07% KCI, 1.08% Mg@.54% MgS@, 0.1% CaCl], w/v).

This was used for isolating yeast from a cold marine habitat. Medium was supplemented
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with 0.01% (w/v) chloramipenicol and 0.002% (w/v) streptomycin. The plates were
incubated at a low temperature{8°C) for 2 weeks and then at 20°C for 1 month.

9. Sarlin and Philip (2011) suggested a Malt Extract Agar (MEwium containing (w/v)
2.0% malt extract, 0.5% mycologigaeptone and 2.0% agar. It was suspended in around
50% diluted seawater at pH 6.0.

10.Kodama (1999) described a medium consisting of (w/v): 20% sucrose, 3% polypeptone,
0.3% yeast extract, chloramphenicol 100 ppm, 1.5% agar. The medium was prepared using
filtered seawater, and the pH was adjusted to 5.6.

11.Khambhatyet al, (2013) suggested a method combining filtration followed by enrichment
before isolation. The enrichment medium was GYP broth consisting of (w/v): 1% glucose,
0.5% peptone, 0.5% yeast extrand 2.5% sodium chloride. Enrichment was carried out
for 24 h at 30°C in a shaking incubator. A loopful of the suspension was spread on GYP
plates consisting of (w/v): 1% glucose, 0.5% peptone, 0.5% yeast extract, 2.5% sodium
chloride and 2.5% agar. Tipdates were incubated at 30°C feB2lays.

The above mentioned incubation conditions including temperature were suggested by the
researchers and could be changed according to the experiment requiféroett. on plates

should be observed daily. Parts afy suspected yeast colonies should be picked up and
transferred onto a microscope slide for inspection. Streak plate technique should be applied on
confirmed yeast colonies using YPD seawater agar medium without antibiotics. Streak plate
should be repeatleto ensure the purity of the isolate. Colonies of interest can be transferred

into a slant culture tube for further study.

Il Use of Marine Yeast for bioethanol production

Over the last few decades, hatiberant yeasts have been investigated as promisgemgative
candidates for bioethanol productiddranoet al (2001) isolated several marine yeasts from
various aquatic environments. Most of these isolates belonged to two @arefialaand
DebaryomycesThese isolates were preliminary tested for tfeimentation capabilities by
observing gas production @amedia containing sodium chloride. But the production of ethanol
was not reported.imtong et al, (1998) hybridizedSaccharomyces cerevisid&30, a high
ethanol producing strain, withygosaccharogces rouxiiTISTR1750, a haltolerant strain,

using polyethylene glycol induced protoplast fusion. Compared with the parental strains, one
of the derived strains (Fusant RM11) exhibited higher ethanol producing capacity $roferm

both ethanol concentrah and yield, in glucose broth media containing 1.5, 3, 5 or 7% sodium
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chloride. By using the medium containing (w/v) 18% glucose and 3% sodium chloride, the
Fusant RM11 showed maximal ethanol production of 68.5 g/L while the parental s&ains,
cerevisae M30 and Z. rouxii TISTR1750, produced 65.0 g/L and 63.6 g/L bioethanol,

respectively. The fermentations were carried out at 30°C for 60 hours.

Kathiresanet al (2011)isolated 10 marine yeast strains from mangrove sediments on the
southeast coast of dra. These isolated strains weCandida albicans, Candida tropicalis,
Debaryomyces hansenii, Geotrichum sp., Pichia capsulata, Pichia fermentans, Pichia
salicaria, Rhodotorula minuta, Cryptococcus dimenaa@Y arrowia lipolytica They reported
thatPichia salcariawas the best strain for ethanol production with 228 g/L bioethanol

from sawdust filtrates at 2% concentration after 120 hours of incubation. When 2% sawdust
hydrolysis (hydrolyzed by dilute phosphoric acieBs useds the carbohydrate wme, 26.2t

8.9 g/L bioethanol was produced Bighia salcariaFollow on studiesSenthilrajeet al, (2011)
reported that in fermentations using free cdMishia salicaria produced the highest ethanol
concentration of 28.5 4.32 g/L among these 10oiates. When these yeast cells were
immobilized in sodium alginate, improved ethanol production was observed in fermentations

using all strainsCandida albicangxhibited the highest ethanol production of 4731 g/L.

Obaraet al (2012) studied bioetnol production from the hydrolysate of paper shredder scrap
using a marine yeast isolated from Tokyo Bay. It was found that the marine $eastevisiae

(strain G19) showed high osmotic tolerance and high ethanol production. It produced 122.5
g/L of ethanol from a medium containing 297 g/L of glucose. The maximum bioethanol
concentrations for the control strairss, cerevisiadNBRC 10217 andb. cerevisia&-7, were

37.5 g/ L and 98.5 g/L, respectively. Moreover, the fermentation using the marin€yEast
reached peak ethanol production at day 3, while both control strains required 7 days to achieve
their maximum bioethanol production. The high osmotic tolerance of the marine yeast strain
was considered to contribute to its promising performance.h&sstrain belongd to S.
cerevisiaespecies, it could be amenable to the existing genetic modification tools that
developed baseflaccharomycesp. for further improvement.

Saravanakumaat al (2013) compared bioethanol production using a m&ioerevisiaestrain
and a terrestridb. cerevisiaestrain. In fermentations using the hydrolysate of sawdust as the
substrate, the marine strains showed maximum ethanol production of 25.1 g/L, while the

terrestrial strain produced only 13.8 @fhanol.
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Khambhatyet al (2013) isolated a marine yeast strabafididasp.) from Veraval, on the West
coast of India. This strain was able to convert galactose, sugar cane bagasse hydrolysate as well
as the hydrolysate of a red seawBegpaphycus alvarezinto bioghanol under a wide range

of pH (2.0- 11.0) conditbns and in the presence of higdit concentration(2.5%15% wi/v).
Sugarcane bagasse hydrolysates were prepared ushtg &hd HCI, resulting in 7.17% and
7.57% reducing sugar, respectively. Around Zh8 18.9 g/L ethanol were obtained, equating

to conversion efficiencies of 66% and 55%, respectively. In a seaweed hydrolysate containing
5.5% reducing sugar with 11.25% salt concentration, around 12.3 g/L ethanol was produced
after 72 h of incubation, peesenting 50% conversion efficiency. When the seaweed
hydrolysate was diluted by fresh water with a ratio of 3:1 or 1:1, 100% carbohydrate
conversions were observed within 48 h. Moreover, approximately 21 to 24 g/L bioethanol was
produced in fermentationsing a GYE broth media containing 5% (w/v) galactose in the
presence of Q0% of KCI, CaC4, and NaCl.

Khambhatyet al (2013) concluded that the presence 6f13% salt benefited the growth of

their isolate. Although fermentation efficiency was rekyvlow in a medium containing
11.25% salt, 100% fermentation efficiency could be achieved in fermentations using media
containing 6.25 to 9% salt. Their isolate could also tolerate a wide range of pH from 4.0 up to
10.0 with very little growth differenc@hey claim that the pH and salt tolerance of the marine
yeast made it a promising candidate for fermentations under different environmental conditions.

. KDPEKDW\TV ILQGLQJYVY ZHUH LQ OLQH ZLWK D VWXG\ FRQ
various spees of yeasts such &ebaryomyces, Rhodotorula, Candi@ad Saccharomyces

could tolerate up to 16% (w/\WNaCl. In addition, yeasts that could tolerate NaCl up to 3.5 M
(20.5%) have also been reported (Kutty & Philip, 2008).

Various biological materialsave been investigated for the generation of bioethanol, such as
wheat straw(Pensupa et al. 201,33ugarcane bagas@€handel et al., 2013)nd corn stover
(Bondesson et al., 2013 ecently, various marine biomass sources, e.g. sedieachbhaty

et al.,2013)and sea lettucgranagisawa et al., 201,1have attracted increasing attention as a
promising noAfood material for bioethanol production, as they do not compete with edible
crops in terms of land and fresh water resources. The hydrolysis of mianmesk could result

in a hydrolysatecontaining saltwhich would require desalting (e.g. electrodialysis) before
fermentation when terrestrial yeasts are y8éady et al., 2015)However, halophilic yeasts,

especially yeasts isolated from a marine emriment, would be able to directly ferment the
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salty hydrolysate to bioethanol (Khambhatyal, 2013). Therefore, the energy intensive step,
desalting, could be avoided, making the whole fermentation process more economically
competitive (Khambhatyet al, 2013). Table 2.1 compares the bioethanol produced using
various yeast strains isolated from the marine environment aneéctesp fermentation

conditions.

The recent research has shown great potential of marine yeasts in bioethanol production
however more investigation should be conducted to further demonstrate the benefits of using
marine yeasts in bioethanol industry, especially in bioethanol fermentations using marine
biomass based substrate. Subsequently more marine yeasts should be isolatedetthexplo
potential. The isolates should be selected based on their capl@bilitifising and fermenting

a wide range of sugars thatepresented in marine biomass hydrolysate, including galactose,
xylose, mannitol and fucose. Also, the isolates shbaia: high tolerance capacity to salts and

inhibitors that may be generated during the hydrolysis of marine biomass.
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Table 2.1: Ethanol Production by marine yeasts

Fermentation

—
. . . o =
Isolation Hydrolysis condition c o
Ref. Yeast Name Substrate ycroly T
Source method (Sugar con., Temp.,| S &
. . w o
Incubation time)
s 3.77% 0°C,
a Seaweed | 2.5% HSO;, b sugar3 17.6
29 Veraval, cooked at 100°C 48 h.
5_9 o . the West | Sugarcane 2.28 % sugar30°C,
o N | Candida sp. for 1 h. 7.7*
€ _- coast of Bagasse 48 h
T © India 5 % galactose30°C
v lact N/A ' 2124
¥ Galactose | N/ 0- 10 % of KCI, 24 h.
% ® Mangrove
ER soil, 6.84 mg/Lsawdust
S T |S.cerevisiae southeast | Sawdust | 0.8% H3PQy j 9 ’ 0.0024*
> o 30°C,89h
o o coast of
3 India
3 % HSO, at
121 °Cforlh
then enzymatic
harificati
N aper s;(;c n?;ltilga on 29.7% of glucose from
< hap ymaie paper shredder scrap, | 122.5
C\f. shredder | saccharification 30°C. 72 h
© S. cerevisiae Tokyo scrap only (cellulase '
© Bay, Japan for 2 days at
g 50°C and 150
8 rpm)
Immobilized 13
NaOH 4% at
2% of sawdust, 28°C
0, L} L
Sawdust 121C for 30 120 rpm for 72 h. 7.6
min.
C. albi 28°C, 120 for 96
o o aibieans OTPMIOT=S 1 9 8. 285
o g | C. tropicalis Glucose | N/A h. Non immobilized
‘\f_ N | D. hansenii 28°C, 120 rpm for 96 13.473
‘® © | Geotrichum sp. | sediments, h. Immobilized '
© @ | P.capsulata southeast
c ©
= | P. fermentans | coast of
% £ P. salicaria India NaOH 4% at 2% of sawdust, 28°C
=5 | 2 121°C f ° ' 1 1.7-12.
£ € | R.minuta Sawdust . C for 30 120 rpm for 72 h. 8
T O . min.
X0 C. dimennae
Y. lipolytica

* No ethanol concentration was reported in the original papers. This value was estimated based on the

conversation efficiencies reported by the references.
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Il Biology of salt tolerance in yeast

Salt tolerance has been highlighted as an important yeasttgpe in industrial applications.
Research has been carried exploring yeast response and tolerancéLensaki et al., 2007,
.HM&aDU HW DO 7. VeasisR/aryihwhel ©lerance to salt from those deemed
sensitive to those deemexttremely halotolerantS. cerevisiaehas been classified as a salt
sensitive or moderately halotolerant yyaSOHPHQLWDa HWGHag et al., 2008)L O Y D
Prista et al., (2007) reported thatposure td@.5 M NaCl inhibied S. cerevisiaghowever
halotolerant mutants @&. cerevisiadave been shown tolerate up to 2.0 M NaG{Gaxiola et

al., 1996, Prista et al., 1997pn the other hand, black yeadbrtaeca werneckiihas been
reported to be an extremely halotolerant yeast which can toleratbnast saturated NacCl
solution (5.2 M).H. werneckiigrows well in the absence of NaQltbthe optimum growth
conditionrequiresthe presence ddaCl atconcentrations ranging from 1.0 to 3.0 M depending
onthe strain SOHPHQLWDa HW-On@rman et al.* X0003 H

Zygosaccharomyces rouxs haploid yeast which has also been identified as a halotolerant
yeast because it grows in a medium containing up to 3.0 M daitorell et al., 2007,
Radecka et al., 2015pichia sorbitophilawas shownd tolerate a mineral medium containing

high concentrations of NaCl (4 M) when glycerol or glucose was used as the sole carbon source
(Lages and Lucas, 1999pebaryomyces hansens another halotolerant yeast which can
tolerate a medium containing up t®31 NaCl. For optimal growt). hansenirequires NaCl

at a concentration of 0.5 M in the propagation medaOD HP HQ L W D a Iltth¥¢ ak®been
reported thaD. hanseniican survive on aaturated NaCl solutiofzalar et al, 2005). Strains

of D. hanseniihave been isolated worldwide from natural hypersaline environnf@ntsle
Cimerman et al., 2009)

Candida krusei Candida parapsilosisCandida tropicalisand Candida glabrataare all
halotolerant yeasts which have been isolated from the hyperssawater of the Dead Sea.
FurthermoreH. werneckiias well asPhaeotheca triangularisnd Trimmatostroma salinum
have not been isolated from any terrestsailirces Therefore hypersaline watehas been

suggested to be their natural ecological nighendeCimerman et al., 2000)

Exposing yeast cells to a medium containing high salt concentration leads to a massive release
of cellular water into the medium. This process is regulated by the difference in water activity
of the cell and the environmer@smoregulatiomas beemefined as the cellular response that

directed at restoring and maintaining important physiological cellular parameters such as turgor
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pressure, cell volume and normal biological activities of the (bidl/oigt and Stahl, 1997)

These parameters are essential for the proper cellular functions, such as cell cycle progression
and protein synthesis. Moreover, these cellular processes are interlinked to each other and
therefore, the maintenance of these parameters within a narrow saomge of the key aspects

of cellular adaptation to salt stre$&e et al., 2013, Arifio et al., 2010)he yeast tolerance to

salt stress could be explained by three mechanisms, including: i) ion homeostasis, ii) compatible

solutes strategy, and iii) sigfia pathways.

2.3.1 lon homeostasis:

Monovalent ions, such as*HK" and Na play multiple essential roles within yeast cells.
Nevertheless, the regulation and maintenance of these ions within a restricted concentration
range is vital in order to avoid toxigi(Rothstein, 1964, Mulet et al., 1999, Ke et al., 2013)
Yeasts maintain suitable intracellular ion concentrations in hypersaline medium via complex
homeostatic pathwayK" is the major cellular cation and it is actively retained intracellularly

at highconcentrations. Kconcentration is the principal factor controlling the important cellular
physiological parameters including; turgor, cell volume, and cytoplasmic (bhitet et al.,

1999) In addition, the threshold for the toxicity of other monovalestions such as Nas

lower than that of K Hence, theccumulatio of Na" in the cytosol must be the prevented in
order to protect sensitive enzymes i.e. phosphatases and nucleotidase of thaldgtiaeily

(Mulet et al., 1999, Murguia et al., 1996)

D. hanseniiis the most studied halotolerant yeast with regard to ion homeoftasisie
Cimerman et al., 2009Previous publications on marine yeasts reportedhhainseniwas
slightly affected when cultivated on media conitagrhigh concentratios of NaCl(Norkrans
and Kylin, 1969) Later studiehaverevealedthat D. hanseniigrew better and accumulated
more Na when exposed thlaClcomparedo S. cerevisia@nd therefore, Navas not toxi¢o

D. hanseni(Prista et al., 1997, Neves et al., 1980nzalezHernandez et al., 2003)loreover,
intracellular H homeostasis was also reported to have a rol2 imanseniitoleranceto salt.
Mortensen et al. (2006) found that, the cldSehanseniistrain can maintain its intracellular
pK (valueof the potentialof potassiumto its intracellular pH homeostasis level, the better the

strain can manage Na&iresgMortensen et al., 2006)
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2.3.2 Compatible solutes strategy
ORVW \HDVWV XVH WKH VWUDWHJ\ RI DFFXPXO &aélu@ard *FRP

Na’ at a concentration below the toxic lev@l.cerevisiae which is a salt sensitive yeast tends
to accumulate glycerol as an osmolyte, while other yeasts are known to produce and/or
accumulate polyols such as arabinitol, erythrigdjactibl, mannitol, sorbitol, ribitol and

xylitol, in addition to glycero(GundeCimerman et al., 2009, Hohmann, 2002)

The three model yeasd, hansenii, S. cerevisiamdH. werneckij synthesise and accumulate
glycerol as their main compatible solut@dohmann, 2002) Glycerol is accumulated
intracellularly inS. cerevisiagvhen cells are exposed to decreased extracellular water activity.
Nevoigt and Stahl (199&8uggested that increasing intracellular glycerol could be a result of
the enhanced anabolismestricted catabolism, increased retention by the plasma membrane
and/or increased uptake of glycerol from the medium by the yeast(Nel®igt and Stahl,
1997)

Similar toS. cerevisiagglycerol synthesis iD. hanseniis mainly stimulatedy the presence

of high Na (Nilsson and Adler, 1990, André et al., 19%hd is partly due to the increased
expression of th&PP2andGPD1 genes coding for a glycer8tphosphatase and a glycerol
3-phosphate dehydrogenase, respectifEhypmé, 2005, Gori et al.0B5). It has been reported
that, unlikeS. cerevisiaeD. hanseniiprobably has an active process of glycerol transport

mediated by a sodiugglycerol symportefLages et al., 1999)

Although D. hanseniiaccumulates glycerol as its main compatible solutgllsamounts of
arabitol, trehalose, glutamic acid and alanine have also been defdutad et al., 1990)
However, recent research reported thahanseniiaccumulated more trehalose than glycerol
under moderate NaCl stres®owever, this strainccunulated more glycerol than trehalose in
the presence of high concentrations of salt £ 0 M salt)(GonzalezHernandez et al., 2005)

In addition, glutamate worked as an additional-gd#rance determinant iD. hanseniias it

was observed that the agty of NADP-glutamate dehydrogenase was increased when cells

were grown in high salt med{@lba-Lois et al., 2004)

H. werneckiiwas also reported to accumulate a mixture of polyols such as erythritol, arabitol
and mannitol as well as glycerol when groimrhypersaline medié&GundeCimerman et al.,
2009) The amounts of these osmolytes are dependent on the salinity of the growth medium and

the growth phase of the yeast cultubdthough, the total amount of polyols in yeast cells is
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mostly dependent on ¢hamount of glycerol, glycerol accumulates mainly during the
exponential phase and decreases steeply during the stationary phasmtrast the
concentration of erythritol increases gradually in the yeast cells during the exponential phase
and reachestd maximum level during the stationary phase. The amount of other polyols
decreases during the stationary phase and thus remains at a low concentration comparing to
glycerol(GundeCimerman et al., 2009)

2.3.3 Signalling pathways

The ability of yeast cells teense the changes of Nancentrations in the environment is very
important for cell survival. The main pathway involved in sensing and responding to these
changes irS. cerevisiads called the high osmolarity glycerol (HOG) signalling pathway
(GundeCimerman et al., 2009, Talemi et al., 2Q18DG pathway maintagcell volume and
restores their turgidity and adaptation to high osmolarity conditions by involving several
activities including; cell cycle arrest, enzymes activities change, glycerol chdosete and

gene expression, as well as complex metabolic adaptation processes. These activities lead to
both producing the osmolyte glycerol and maintaining its intracellular concentration within the

yeast cel(Talemi et al., 2016)

Exposing yeast cellto high salt concentration results in reduced cell volumess outflow

to equilibrate internal and external watesmosigpotential differencesS. cerevisiasurvives

in high salt concentration media by activating the HOG signalling cascade, vdritiols
glycerol accumulation. The Hogl kinase stimulates transcription of the geRExL(GPP2
encoding enzymes required for glycerol production and the de&hkl( encoding enzyme
required glycerol import as well as activating a regulatory enzymegaolgkis (Pfk26/27). In
addition, glycerol outflow is prevented by closure of the Fpsl glycerol facilifaés et al.,
2013, PetelenKurdziel et al., 2013)Increase of intracellular glycerol concentration increases
the internal osmolarity of the yeastlls which forces water back into the cells restoring their

original volume(Talemi et al., 2016)

The identification of the homologue of MAP kinaseHnwerneckii(HwHog1) confirmed the

existence of a signalling pathway similarthe HOG pathway i1$.cerevisiaglLenassi et al.,
.HMAaDU HW. Blthough HwHogl protein shows high homology S0

cerevisiaeHog1l, HwHogl is fully active only at extremely high salt concentrations while Hog1l

in S. cerevisiaés activated even at very low salt concentratiof™sXUN DQG 3OHPHQLW
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.HMabuU HW D®MabDU HW DO IRXQG WKDW LQKLELWLQ
along with the ATP analogue BPTIP restricted the growtH.afierneckiiat 3.0 M KCI, NaCl

and sorbitol. However, the survival Bt werneckiiat moderateKCl and NaCl concentrations

was not dependent on the activity of HwHogl. Therefore, HOG pathvihywerneckiis vital

for its extreme osmotolerance ability but has a different regulation comparing to the other
homologaus pathways dscribed in other hatolerant and mesophilic fungi.

Bl \Water consumption in bioethanol production

Bioethanol production consumes large amount of wdtiels water is consumed along the
biofuel supply chain including substrate cultivation, bioethanol feratiemt and bioethanol
distribution. Figure 2.2 shows the major uses of water in agricultural production and industrial
processing pases of bioethanol production.

[Evapomtion/tmnspiration (ET)] Evaporation
A
[ [rrigation ] [ Rainfall ] [Industrial lntakesJ () Consumptive use
i () Non-consumptive
o v Re+cycling

Y

Agricultural Production _&emc> Industrial Processing
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[Inﬁltration/Runoﬂ“ J [Erosion/Pollution} [Retum ﬂOW] [Pollution] [Water Content of Fuel]

Figure 2.2: Schematic diagram of water consumption in biofuel life cycle

The figure shows theflows of water in and out of the bioenergy production system.
Source: Fingerman et al.,2010)

A study conducted bFingerman (2012pn water consumption for corn ethanol in California
showed that over 1,000 litres of water was required to produces bfigthanql99% of the

water was consumed during the feedstock cultivation pffrsgerman, 2012)

The total water required for bioethanol production can be measured using the indicator virtual
water (VW). The concept of VWas proposedy Allan in 199%. VW has beenlefined as the

total volume of water required to produce a unit commodity or se¢Xitan, 1994) VW can

be used to recognize products that have more influence on the water resource system and

provide a way of water savin@oekstra, 2003)A relatively recent concept, Water footprint
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(WF) which was initially developed by Hoekstra and Hung (2002) has become more popular
in evaluating the total water consumed during bioethanol production. WF is the total volume of
water needed during prodisnt processes, accounted over the whole supply ¢kaimg et al.,

2013, Yang et al., 2016Yhe concept of WF can be used to measure the direct and indirect
water use of an individual, business, region or a nation through consumption of commodities
and sevices(Hoekstra et al., 2009Both indicators VW and WF- are closely linked and the

main difference between them is that VW is defined from the perspective of production while
WEF is defined from the perspective of consumpfidimao and Chen, 2014 other words, the

term VW is mostly used in the context of interregional or international trade, whereas the term
WEF is generally used in the context where producers or consumers of products are concerned
(Yang etal., 2013)

2.4.1 Water footprint (WF) for bioe thanol

WEF of bioethanol depends on many parameters including but not limited to the type of crops
being used for production and the region of production. The total global weighted average WF
of bioethanol ranges from 1,388 to 9,812 litre of water for &&ehof ethanol produced. This

is dependendn the crop being used for ethanol production. Table 2.3 shows the total weighted
global average WF for 10 crops providing ethanol, expressed as litres of water required to
produce one litre of bioethanol andbozimeters of water required to produce one Giga Joule

energy of ethandiGerbend_eenes et al., 2009)

The region where bioethanol production takes place is also a major factor affecting the total
WEF of bioethanol. Table (2.4) shows the variation leemvdifferent countries for the value of
total WF calculated as cubic meters of water required to prodoeeGiga Joule energy
equivalent of ethanol. France recorded the lowest WF for bioethanol with 41G3 mhile

China recorded the highest WF for tinenol with 124.8 fiGJ(Rulli et al., 2016)

Both the region where the croprecultivated and the ethanol being produced, play a
importantrole for the total amount of water required for bioethanol production. Figure 2.3
shows the highest value, ttmnlest value and the weightaederage global WF values for 10
cropsin terms ofbioethanol production. The figure clearly shows the enormous variation in the
total WF among these crops especially for sorghum which mainly affected by the unfavourable
producton conditions in Niger and the highly efficient production conditions in Egypt
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(Gerbend_eenes et al., 20090t can be concluded that, using current approach of production,
bioethanol is deavy water consuming product.

Table 2.3: Total weighted globalkverage water footprint (WF) for 10 crops providing bioethanol

Crop Total water WF Total water WF
(L/L)* (M3GI)*
Sugar beet 1,388 59
Potato 2,399 103
Sugar cane 2,516 108
Maize 2,570 110
Cassava 2,926 125
Barley 3,727 159
Rye 3,990 171
Paddy rice 4,476 191
Wheat 4,946 211
Sorghum 9,812 419

The data is the average figures for 5 countries (Brazil, Guatemakaljua, India and Indonesia)
* (Litres of water/litre of bioethanol}* (cubic metersof water/Giga Joule of ethanol)
Source(Gerbend_eenes et al2009)

Table 2.4: Total water footprint of bioethanol in the major consuming countries

Total water WF

Country (MYIGJ)
France 41.8
Colombia 58.8
Brazil 59.7
Germany 61.2
Poland 64.1
Italy 73.5
USA 76.1
Sweden 79.3
UK 89.3
Spain 943
Canada 98.9
Netherlands 118.1
India 122
China 124.8

Source(Rulli et al.,2016)
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Figure 2.3: Lowest and highest value, and the weightealverage global value of the WF for
bioethanol from 10 crops

Source: (GerbensLeenes et al.2009)

The amount ofvater required for cultivating feedstock crops for bioethanol production vary
depending on the crop, the region where it is being cultivated and the water efficiency of the
irrigation system that being used. For example, one litre of bioethanol frontaosames
around 160 L of water for corn cultivation and 3 to 11 L of water for biorefifidhy et al.,
2009a)

Growing crops that require minimal water or planting them in regions that rexiselerable
amounts ofainfall can greatly reduce waterqurementsfor the purpose oifrigation. Rain

fed crops grown in Brazil and Southeast Asia, for example, generally make lower demands on
water resources than irrigated crops grown in parts of the United States or Middle Eastern

countries.

2.4.2 Direct water requirements for bioethanol production

Bioethanol production requires water manly for irrigating the feedstock crops and for industrial
processing (which includeconverting the feedstock into sugars then converting sugars into

ethanol via fermentation procgsélthough the majority of water consumption goes to the
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irrigation of feedstock crops, considerable amounts of water is still required for the refining of
bioethanol.

2.4.2.1 Direct water requirements for ethanol production from crops

Historically, biofuels hag been produced from grabased crops with water supplied by
precipitation and/or irrigation. According to De Fraiture et al., 2007, the total global irrigation
withdrawal was 2,630 billion cubic metre (Bnin 2005(De Fraiture et al., 2007; De Fraiture

et al., 2008).44 bn? of the 2,630 brhis consumed for the growth bfofuel crops. On average,
around 830 L of irrigation water withdrawn are required to produce one litre of biofuel.
However, regional variation is large. In Brazil, the main crop foethianol production is
sugarcane, whicls mostly gown under rainfed conditions. Hence, the required irrigation
water is less than 100 L for producing one litre of ethanol in Brazil. In the USA, where maize
is mainly rainfed cultivated, 3% of the totalrigation withdrawals are devoted to the
production biofuel crops, corresponding to about 400 L of irrigation water withdrawals per litre
of bioethanol. China withdraws 2,400 L of irrigation water to produce the same amount of
maize needed for one litre bioethanol. With high sugarcane yields and efficient conversion,
Brazil yields more than 6,200 L bioethanol per hectare. In Inchare conversion efficiency

is lower, one hectare yields only 4,000 L of bioethgie Fraiture et al., 2008 able 2.5
shows in details the water requirements for irrigation and bioethanol production in different

countries investigated in tlaovementionedeport.

In a bioethanol production plangthanol from corn requires water for drying, grinding,
liquefaction, fementation, separation and cooling. Water requirements for biorefining in the
new dry mill plants has been estimated to be 3 L of freshwater for each litre of ethanol produced
(Wu and Chiu, 2011)However, older dry mill ethanol plants use up to 11 L ofHveater to
produce 1 L of bioethan¢Shapouri, 2005) Table 2.6 shows examples of water requirements
for different crops during biorefinery.
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Table 2.5: Irrigation withdrawals for biofuel crops in 2005

Bioethanol Main Feedstock used Irrigation Littre of
Bioethanol  (million feedstock (million tonnes)®  withdrawals for irrigation water

tres) 2 1o biofuel crops per Littre of

P (Million m %) ® ethanol

Brazil 15098 Sugarcane 167.8 1310 86.77
USA 12907 Maize 33.1 5440 421.48

Canada 231 Wheat 0.6 80 346.32
China 3649 Maize 9.4 9430 2584.27
India 1749 Sugarcane 19.4 6480 3704.97
Thailand 280 Sugarcane 3.1 1550 5535.71
Indonesia 167 Sugarcane 1.9 910 5449.10
S. Africa 416 Sugarcane 4.6 1080 2596.15
\e/\'c/t?er:r?ol 36800 - - 30600 831.52

3 (Dufey, 2M6); ° (De Fraiture et al., 2008)

Table 2.6: Water consumption for ethanol produced in California

Refinery water

Feedstock (L H2O/L EtOH)
Corn grain 3.6
Sugar beets 3.6
Low-yield biomass 6P
High-yield biomass 6P

2(Wu et al., 2009b) ® (Adenetal., 2002)

2.4.2.2 Direct water requirements for cellulosic ethanol production

Nowadays, lignocellulosic raw materials, such as herbaceous biomass, forest wood and many
other agricultural residues are being considered as the substrate for cellulosic bioethanol.
Cdlulosic bioethanol is believed to be the biofuel solutionthe long term(Wu and Chiu,

2011) According to a study led by USDA and DOE, around 285 million tonnes of biomass
could be available by 2017 for conversion to ethanol, and 329 million tonulelsbeoavailable

by 2030(Perlack et al., 2011Although, a small amount of cellulosic ethanol are currently
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beingproduced, ihas beemprojected that more than 60 billion litre of cellulosic bioethanol will
be produced annually by 20PRerlack et al.2011)

It has beersuggested thadvanced biofuelahich arederived from waste products does not
require water for cultivation as a fuel feedstock because the water consumed by these crops
would have beenllacated to the activity of primary value (foaa feed productionjIEA,

2012) This would also apply to lignocellulosic materials used for bioethanol production.
Normally, water for cellulosic ethanolisquiredfor pretreatment, hydrolysis and fermentation
processs It has beemeported that prodiing one litre of cellulosic ethanol via fermentation
process consumes 9.8 L of waf@u et al., 2009a)Aden and others (2002) estimated that
water consumption for cellulosic ethanol will be reduced to 5.9 L of water per L of ethanol
providing the expeetdd advancement in ethanol yillden et al., 2002)Table 2.7 shows a
comparison of the water requirements for production between corn ethanol, cellulosic and
petroleum gasoline. Production of cellulosic ethanol consumes less amount ofwvater
compaedwith petroleum gasoline, 18.6 L water/L ethanol and 26.6 L water/L gasoline.
However, corn ethanol consumes very large anmsoahtvater when compared with either

cellulosic ethanol or petroleum gasoline

Due to the large water requirements for bi@mol production from conventional substrate, a
number of research studies have been carried out using marine biomass, such as seaweed, for
bioethanol productiofFalter et al., 2015, Kostas et al., 20IB)is will reduce the impact of

water usage in fekstock cultivation and the arable land will be saved for the production of

crops for food and feed purposes.

Table 2.7: Water consumption for ethanol and petroleum gasoline production, a comparison

Fuel (feedstock) Net Water Consumed  Major Factors Affecting Water Use
Switchgrass ethanol 1.9-4.6 L/L ethanol Production technology
. _ Age of oil well, production technology, an
Gasoline? 3.4- 6.6 L/L gasoline
degree of produced water recycle
Gasoline® 2.8- 5.8 L/L gasoline Same as above
Gasoline® 2.6- 6.2 L/L gasoline Geologic formation, production technolog

2|J.S. conventional crugé Saudiconventional crude:Canadian oikands
Source (Wu et al.,20093
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Bl Seawater as a replacement of freshwater for bioethanol production

A shift from fossil fiel based energy profile towards biofuel puts an additional pressure on the
limited freshwater resources in many regions of our overpopulated planet. Hence, the use of
alternative water resources is essential to rgete bioethanol targst(De Fraiture tal.,

2008, Zaky, 2017). Oceans and seasbtmdansource of waterwhich can be easily accessed

in most arid and serarid zones. They can also provide marine biomass as a substrate for
bioethanol production, which does not compete with food andféeedater and land usage.
However, seawater contains a spectrum of minerals that inhibit the growth and fermentation
ability of the conventional yeast (Zaky et al., 2014). But, the implementation of marine yeasts
in bioethanol industry will facilitate thase of seawater as a replacement for freshwater in
bioethanol production (Zaky et al., 201@). addition, seawater compositiewhich is not
favourable for terrestrial microorganisnmsay play a role as a selective agent against microbial
contamination irbio-refineries. Hence, the development of seawater based media along with
the usage of marine yeast in bioethanol production can make a valuable impact on overcoming

both the freshwater crisis and energy ciigsky, 2017)

2.5.1 Water scarcity

Water coverslaout 71% of the surface of Eajtrowever WKH YDVW PDMRULW\ RI WI
is saline water (seawater) thatiocated in the oceans and seas. Freshviatequired forall

sort of human uses, only accountsdoy HU\ VPD OO S UR SR UdAtergH@riéghsew KH Z F
and Tacio, 2002, Jensen et al., 1998, OECD, 2088hce, wateis consideredas limited
resourcesn Earth. Figure (2.4) shows the distribution of water on Earth and human freshwater

use.

Availability of freshwater is uneven due to widifferences in climatic patterns, geography and
human use. In Brazil, water is abundant in most parts as they receive relatively high rainfall.
By contrast, many countries in North Africa and the Middle East suffer chronic water scarcity,
receiving low vater flow from outside their borders as well as receiving minimal raihis,

2012) Such countries therefore must turn to other sources of water supply, such as desalination
and norrenewable aquifers. However, it is expected that the problem of seatenity will be

further aggravated due to the growing world population combined with rising per capita water
use. Alsga reduction of water availability is expected due to climate chddgekstrom et al.,

2009, LotzeCampen et al., 2008, de Fraiture aNathelns, 201Q)
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Figure 2.4: Distribution of water on Earth and human freshwater use

The percentage of human freshwater use vary depending on different countries and regions. For uptodate
figure on water consumption visite this website (http/www.worldometers.info/water/)

The World Economic Forum (WEF) listed water crises as the largest global risk for its potential
impact (Mekonnen and Hoekstra, 201&reshwater, therefore, should be consider®dn
economiccommodityandthereforeshould be treatedcenomically because water is scarce in
many regions of the worl@leick et al., 2002)

The International Water Management Institute (IWMI) estimated that 1.4 billion people will
experience severe water scarcity within the first quarter of the@dtuy. This water crisis

ZLOO DIIHFW TXDUWHU RI WKH ZRUOGYTV SRSXODWLRQ RL
countries(Seckler et al., 1999, Seckler et al., 19%)milarly, United Nations Environment
Programme (UNEP) estimated that 1.8 billiongle@round the world are predicted to be living

in absolute water scarcity by 2025, and 2/3 of the world population will experience some water
stresgUNEP, 2007)

A recent study by Mekonnen and Hoekstra (2016) reported that currently four billion people
around the world are suffering from facing severe water scarcity at leestoonth per year
(Figure 2.5). Of these four billion, 1.0 billion live in India and 0.9 billion live in China.
Considerable populations fasevere water scarcity during at leaattpf the year live in the
United States (130 million), Bangladesh (130 million), Pakistan (120 million), Nigeria (110
million), and Mexico (90 million)When compiledhe number of people facing severe water
scarcity for four to six months per ydaas leenestimated at 1.8 to 2.9 billion. In addition, half

a billion people are facing severe water scarcity all year round; 180 million live in India, 73
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million in Pakistan, 27 million in Egypt, 20 million in Mexico, 20 million in Saudi Arabia, and

18 million in Yemen. Saudi Arabia and Yemen were considered in an extremely vulnerable
position because all people in those two countries are suffering severe water scareity year
round. Also, there are anther 6 countries where more than 50% of the populatioarexgseri

severe water scarcity all year round. Those countries are Libya and Somalia (80 to 90% of the

population); Morocco, Niger Jordan and Pakistan (50 to 55% of the popul@delRbnnen

B -
—1

No data
and Hoekstra, 2016)

Figure 2.5: The number of months per year in vhich blue water (fresh surface water and
groundwater) scarcity (WS) exceeds 1.0

WS < 1.0 (low); 1.0 < WS < 1.5: (moderate); 1.5 < WS < 2.0 (sificant); WS > 2.0 (severg.
Source: Mesfin M. Mekonnen, and Arjen Y. Hodstra Sci. Adv. 2016;2:e1500323

2.5.2 Bioethanol production using Seawater

6HDZDWHU DFFRXQWYV IRU DERXW RI ZRUOGYTV ZDWHU
ZRUOGTV VXUIDFH LQ IRUP RI FRQQHFWHG QHWZRUN RI DT
water and accessible easily in most countaesund the world. But seawater contains
approximately 35 g/L of dissolved salts, mainly NaCl (27.13 g/L), M¢Z50 g/L), KCI (0.74

g/L), CaCh (1.17 g/L), MgSQ(3.38 g/L), and NaHC¢X0.21 g/L)(Fang et al., 2015Because

of its high salt content, eéhdirect application of seawater for agricultural, industrial and
domestic activates is very limited. Usually seawa¢guires desalinatiohefore being used
however,desalination is usually a costly and intensive energy consuming process. Therefore,
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investigating approaches where seawater replaces freshwater (totally or partly) in heavy water

consuming industries, such as bioethanol production, is of prime importance.

It was reported that, the action of inorganic salt added during the strong inorgdruatalysis

of cellulose breakdown is believed to be analogous to that of lonic Liquids (IL). More
interestingly, adding saline water (e.g., NaCl, 30%) or concentrated (about 5x) seawater, the
organicacid-catalysed cellulose depolymerisation was ablprazeed efficiently under mild
temperature (106125°C) (Fang et al., 2015, vom Stein et al., 2018yestigations on variety

of chloride and sulphate salts showed significant improvement in cellulose and hemicellulose

hydrolysis, and xylose and xylotse degradatiofiLiu and Wyman, 2006, Yu et al., 2011)

A recent study by Fang et al (2015) on the use of seawater of the pretreatment of date palm
leaflets for bioethanol production reported that leafletsy@a@ted with seawater showed lower
cellulose cystallinity comparing with those piteeated with freshwater. Pretreatment obtained
usingseawater producesimilar amounts ofligestible and fermentable sugars in comparison
with those obtained with freshwater. They also found that there was no siginditfarence

of inhibition to S. cerevisiaebetween hydrolysates from pretreatment with seawater and
freshwater. They concluded that seawater could be a promising alternative to freshwater for

cellulosic ethanol especially in coastal and/or arid/semzmeés(Fang et al., 2015)

Very recently, Ren et al (2016) studied the use of seawater, as an alternative to freshwater, for
lonic Liquid (IL) pretreatment of lignocellulosic bioma$¥en et al., 2016)lhey reported that

when grass was ptteeated by a nxture of cholinium IL and seawater (1:1) at’@0for 6 h

then washed by seawater, the treated grass became highly accessible to enzymatic hydrolysis
and 54- 72% reducing sugar yields was obtained using subsequent enzymatic hydrolysis of the
residues. Thewlso studied the microbial lipid production from wheat straw hydrolysate using
seawater. They reported thatichosporon fermentangielded 4.5 g/L of lipid, with a lipid
coefficient of 0.21 g/g of sugar, after 3 days of cultivation on wheat straw hgdte$/with the

initial sugar concentration of approximately 30 g/L. They concluded that the use of seawater
had no negative effect on neither IL pretreatment nor enzymatic hydrolysis.

Concerning the use of seawater in microbial fermentation, Lin et ALJ2®nducted a proof
of-concept study using seawater in fermentation for succinic acid prod(idtioet al., 2011)
Using synthetic seawatéiased media, they reported that no significant inhibition of cell
growth of Actinobacillus succinogenegas obsesed and the production of succinic awvds

not affectedIn a fermentation using natural seawater, a concentration of 49 g/L of succinic acid
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was produced from a whederived medium, with a yield of 0.94 g/L and a productivity of
1.12/L/h. Their resultsevealed that seawater can also be used to form a nidoeglete
medium for succinic acid production avoiding the cost of adding mineral supplement to the

wheatderived media.

Hl Concluding remarks

Marine yeasts live in harsh environments, which prowlie potential for several unique
desirable properties to be used in various industries. The latest development in the methodology
of marine yeast isolation and cultivation offers the opportunity of discovering novel marine
yeasts. Various media have bgmoposed by different research groups in order to suit the
different requirement of marine yeasts. However, a standard method for the efficient isolation
of marineyeast is still to be developeéithoughusing marine yeasts in bioethanol production
showsdistinctive advantage on the osmotic tolerance, the possibility of utilising seawater
instead of freshwater as well as the potential of using marine biomass (i.e. seaweed) as a
substrate. Yet, the commercial application of marine yeasts is still limieccdrrent research,
however, indicates the promising features of the marine yeasts for the potential industrial

application and their superiority over the terrestrial ones in certain fields.

Although a few researchers have suggested the positive impagsirg seawater for
fermentation, up to now, no research has investigated the production of bioethanol using natural
seawatebased media. As discussed in section 2.5, bioethanol requires large amount of
freshwater for production. Using seawater instedteshwater for bioethanol production will
reduce the WF of bioethanol and potentially convert this process from a high water consuming
process to a water producing process. On industrial scale, bioreactors usually contain around
12% ethanol, 12% of solidad 76% water by the end of ethanol fermentation. Theoretically,

if seawater was used in the fermentation, roughly 7.5 litre of freshwater can be obtained with
each litre of produced ethanol. The produced water will be of very high quality and therefore
can be used in industries that require high quality water or it can be used to enhance lower
quality water to produce acceptable drinking water. Further advantages of using seawater in the
fermentation for bioethanol production include; a) the mineralsawater will potentially

reduce the need for adding minerals to the fermentation media, b) the production of sea salt as
a by-product, ¢) producing salted animal feed that can be used to eliminate the cost of adding

minerals to the animal diets. Thus, @sseawater in fermentations could potentially improve
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the overall economics of the process and make a strong impact on overcoming both the
freshwaterand energy crises (Zaky, 2017).

50



CHAPTER 3:

3. Materials and Methods

Hl Marine samples

Fourteen marine samples were obtained from different locations in the UK, Egypt and USA as
listed in Table 3.1. All samples were collected near the shore and were taken from a depth of a
maximum of 1 meter using 1 L sterilised plastic bottles with screps da prevent
contamination. Samples were then transported immediately to the laboratory or sent by a courier
to the laboratory. When samples were received at the laboratory, they were stored immediately
in a fridge at 4°C until isolation was performed.eTisolation was perforndewithin 2 weeks

of sampling.

Table 3.1: Distribution of new marine Yeast Isolates

Samples Sample type Sources Isl\(l)cl)a(t)és
A Seawater Mediterranean Sea, Alexandria, Egypt 10
B Seawater Suez, Gulf of Suez, Egypt 7
C Seawater Ras Seder, Gulf of Suez, Egypt 12
D Seawater Lake Timsah, Ismailia, Egypt 10
E Seawater Irish Sea, Northern Wales, UK 3
F Seawater Irish Sea, Northern Wales, UK 10
G Seawater English Channel, Plymouth, UK 12
H Seawater English Channel, Plymouth, UK
| Sea sand Mediterranean Sea, Alexandria, Egypt
J Seaweed English Channel, Plymouth, UK 13
K Rotten Seaweed English Channel, Plymouth, UK 5
L Seawater North Sea, Whitby, UK 3
M Seawater Atlantic Ocean, New York, USA 8
N Seawater Pacific Ocean, Sabiego, USA 8
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Hl Seawater (SW)

Seawater was used in this study for media preparation and dilutions. The seawater was obtained
from a seaside town in the UK called Skegness, which is located on the North Sea coast of
Lincolnshire. The seawater was fiteredVLQJ JODVV PLFURILEHU ILOWHU
Whatmar¥) and autoclaved at 121°C for 15 min, then stored at 4°C till required.

Hl Determination of total dissolved solids (TDS) in SW

Natural SW was filtered using glass microfiber filters (pore size, P2 : K D WPPtBeq it

ZDV ILOWHUHG DJDLQ XVLQJ GLVSRVDEOH ILOWHUV SRUF
filtered SW were transferred into clean dry beakers (size 100 mL). Beakers were placed in a
drying oven at 100°C until water fully evapordteBeakers were weighed using aligit

balance after 24 h of drying and then every 2 h until constant weight.

Bl Molasses

The molasses used in this study was a commercial product of sugarcane molasses (horse feed
VXSSOHPHQW JUDGH FDOwss gur¢haseyl k@ ovh\Ar&zHn dokuk The

total sugar content in this product was about 45% (w/w) as provided on the label.

3.4.1 Preparation of the molasses working solution (MWS)

Crude molasses contains certain amount of undissolved inorganic particlesomured
microorganisms from the sugar industry. These unwanted materials need to be removed before
using molasses as a fermentation meditihus,a clarification step was applied on the crude
molasses to prepare the Molasses Working Solution (MWS). Claoficata heating process

used to remove the unwanted particles and pasteurize the molasses. In this study,waawater
used for molasses clarification to prepare a MWS contained 50% (w/v) of molasses which
contains about 22.5% (w/v) sugaftfie MWS was ppared as following:

500 g of molasses was transferred into a measuring cylinder (1000 mL) then filled up to 1 L
with seawater to achieve final concentration of 50% molasses (w/v). The diluted molasses was
then transferred into a 2 L Duran bottle and seimgnted by 8.0 mL of concentrated 43Qy

(98%) to lower the pH to 3.5, then 2 mL of 50% sterilised antifoam A (Sigma Aldrich, UK)
was added. The bottle was then placed in autoclave and heated®@tf@0a5 min. Heated

bottle was left to cool down to 35 then transferred into a cold roon?@ and leftto stand
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overnight. Under control condition, the clear solution on the top of the molasses (about 70% of
the total volume) was transferred into a new sterilized Duran bottle and the sediment was

discarded.

Bl Microorganisms

The terrestrial yea8accharomyces cerevisiB&YC2592strain (www.ncyc.co.uk) was used

in this study as a reference strain. It was maintained on YPD agar slopes containing (w/v) 1%
yeast extract, 2% peptone, 2% glucose and 2% agdt &t0 + 0.2. The slopes were kept at

4°C and used as a working stock cultuRropagation was carried out aerobically using YPD

broth medium (as above, no agar) in an orbital shaker (150 rpm) at 30°C.

Marine-derived microorganisms used in this studyevesolated from 14 samples collected
from different locations as mentioned below in section Bliese isolates wengropagated
using modified YM medium, containing (w/v) 2% dextrose, 0.3% malt extract, 0.3% yeast
extract, 0.5% peptone dissolved in natseawater (designated as S¥WI broth). The pH of
medium was adjusted to 5.0 before autoclaving at 124°C5 min. All marine yeast isolates
were maintained on SWM agar slopes, containing the abewventioned SWYM broth with

the addition of 2% (w/v) a.

Glycerol stocks of each marine isolate was prepared using 1:1 glycerol and yeast broth that was
cultured in S W<0 EURWK IRU KRXUV 7KH JO\FHURO VWRFNYV Z

Il |Isolation methods for marine yeast
3.6.1 List of microbiological media used for isoldion and maintenance:

a) SW-YM broth (w/v): 2% dextrose, 0.3% malt extract, 0.3 % yeast extract, 0.5%
peptone.

b) SW-YM agar (w/v): 2% dextrose, 0.3% malt extract, 0.3 % yeast extract, 0.5% peptone,
2% agar.

c) YM medium (w/v): 1% glucose, 0.3% yeast extract, 018%t extract, 0.5% peptone
and 2% agar.

d 6DERXUDXGTV 'H[WURVH $JDU 6'$ 2[RLG 8. J R
dissolved in 1 litre of water to reach the following concentrations: 4% glucose 1%

mycological peptone and 1.5% agar (w/v) with a finalqft3.6.
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e) =DN\YfV HQULFKPHQW PHGLXP 2Z Y JOXFRVH [\O
yeast extract, 0.5% peptone, 0.1% @SOQwand 0.025% KEPQu.

ff =DN\TV LVRODWLRQ EURWK PHGLXP 2ZY JOXFRVH
(i.e. xylose, galactosestarch or cellulose), 0.3% yeast extract, 0.5% peptone, 0.1%
(NH4)2SQsand 0.025% KEPQu.

g =DN\YV LVRODWLRQ DJDU PHGLXP 2Z Y JOXFRVH F
(i.e. xylose, galactose, starch or cellulose), 0.3% yeast extract, 0.5% pédpicdhe,
(NH4)2SQOs and 0.025% KHPOw and 2% agar. Cellulose used in this stwdys a
PLFURFU\VWDOOLQH SRZGHU P ITURP &RWWRQ OLC(

All components were dissolved in seawater or deionized water and adjusted to the required pH
using either NaOH (1N) or HE1N), then autoclaved at 121°C for 15 minutes.

3.6.2 Isolation method 1: Kutty method (2009)

Isolation of marine yeasts was carried out by filtration and pour plate using the method
described by Kutty et al. (2009) with some modifications. 30 mL of seawatefilteacd
throughQLWURFHOO XORVH |L Oudirtg drivautSdraleH fikek dbparatus (Fisher).

For solid marine samples (sea sand or seawd®dyy of each sample was suspended and
vortexed in 30 mL of sterilized seawater. Then, the seawater containing thenadghe sample

was filtered throughQLWURFHOOXORVH |LOWuUdihgVan Suodaved/ filteH
apparatus (Fisher). The filters then were placed face up on an empty petri dish followed by the
addition of YM medium (using seawater and supplenteni¢h chloramphenicol200 mg/L)

after autoclaving) and incubated at room temperature 23 £1°C for 14 days.

3.6.3 Isolation method 2: Dinesh method (2011)

Isolation of marine yeast was carried out by serial dilution and the pour plate technique using
the methd described by Dinesh et al. (2011) with some modifications. 1 mL of seawater was
serial diluted bysterilizedseawater to reach a dilution factor range of &®10°. Then 1 mL

of the original sample or the diluted sample was transferred to an emptiBletfollowed by

pouring of melted and cooledDERXUDX GV '"H[WURVH $JDU 6'$ SUHSD
For solid samples, 1 g of the samp¥as suspended and vortexed in 10 mL of sterilized
seawaterThen it was serial diluted tsterilisedseawateto reach a dilution factor range from

10! to 10°. After that, 1 mL from each dilution was transferred into an empty Petri Dish
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followed by pouring of melted and cooled SDA prepared using 50% seawater followed by
incubation at 35°C for 48 hours.

3.6.4 Isolation method 3: The new method developed in this study

The new method developed in this study involves three steps (Figure 3.1). The first step was
three cycles of enrichment, includingamary Enrichment cycle, a Scale Up Enrichment cycle
and DifferentialEnrichmentcycle. In the second step, the isolation of yeasts from the final
enriched culture was carried out using the gaate technique. The final step was conducted
using the streaklate technique and microscopic examination of selected colongesitiom

the purity of the new isolates.

In the Primary Enrichment cycl&@p0 mL of seawater samples was transferred ifg00amL
FRQLFDO IODVN FRQWDLQLQJ P/ RI [ =DN\YV HQULFKPH
the sample was transferred into580mL FRQLFDO IODVN FRQWDLQLQJ
enrichment medium. Then the flasks were incubated in a shaking incubator (180 rpfg) at 30

for 48 hours.

In the Scale Up Enrichment cyct2) mL of culture from the Primary Enrichment cycle was
transferrednto a500mL FRQLFDO IODVN FRQWDLQLQJ P/TRen=D N\T\
the flasks were incubated in a shaking incubator (150 rpm)@&tf8®@ 48 hours.

In the Differential Enrichmertycle, 10 mL of culture from the Scale up Enrichment cycle was
transferred into 250mL FRQLFDO IODVN FRQWDLQHG P/ RlI =DN\Y
Then the flasks were incubated in a shaking incubator (150 rpm)@f&048 hours.

All media used in this step were prepared using seawater and adjusted to ysih§.6iCl
(IN). A mixture of antibiotics (Penicillis 500 mg/L and streptomycin sulphate 500 mg/L)
was added to all enrichment media after autoclave. Microscopic inspeetsorarried out after

each enrichment cycle to monitor the type of growth alfterperiod of cultivation.

In the second step (isolation step), afdld serial dilution was carried out from tBéfferential
Enrichmentcycle and 1 mL of diluted broth (with a dilution factor of 4@o 107) was
transferred into a petri dish then po@eZ L W K P/ RI =DN\YV LVRODWLRQ DJ

were then incubated for 48 hours at@G0
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In the third step (confirmation step), selected single colonies from the isolation step were
streaked on a fresh SWM agar plates and incubated for 48 howt 30C followed by

microscopic examination of smear slide stained with methylene blue.

..........................................................................................................................................................................

3 steps (8 -10 days to obtain pure yeast isolates)

[ Stepl: Enrichment (3 cycles) ]

- Cvcle I:l} - }ﬁ---- : 100 mL Sample + 100 mL Enrichment Madium (2¥) i
- P'rlmary Enrlchment - i 150 rpm, 30°C, 48h i
Encourage yeast growth & |nh|b|t """""""""""""""""""""""
{ other MO’s }
f' ——— _EY£ I_Z-j - =TT i 20mL from Cycle 1 + 180 r'r||a Enrichment Medium E
— Scale Up Enrlchment _ G 1 _E'f_rff'__‘a_'j_c_-_‘{‘_af ___________ 1

{ Increase yeast yield & decrease }
the filamentous fungi

e —————— === 1 - ) N - .
— C\rele (3] - y : 10 mL from C'-,cl.e 2+90 mL I;nlatlon Broth Medium
J : 150 rpm, 309C, 48h

~ __Differential Enrlchment T |
{ Encnurageﬁe?r[mh of yeast } %h___ﬁ
which has specific characters < e
Microscopic Inspection :i_,_“" ]
=
[ Step2: Isolation (Dilutions & Pour Plate) ] R
' Serlal dilution P lat T
\ DDD DDD D ourpate Ef‘j Incubation 48h
e |solat|on Agar — 1
1 Medum )

[ Step3: Confirmation (Microscopical visualisation & Streak plate) ]

pic I.I"IS'F-’edlu'wI

- Mﬁo_sf———'"—)
Incubation 48h -

—_—

Y
kY
\
A. S. Zaky®© TR

Figure 3.1: Schematic diagram of the new marine yeast isolation method proposed in this study

56



3.6.5 Microscopic examination

Purity and cell morphology of all new istés were inspected under microscope using fixed
smears on glass slides that stained with methylene blue (0.1%, w/v). Methylene blue solution
was prepared by dissolving 0.1 g of methylene blue in 50 mL of distilled water. Then 2.0 g of
sodium citrate dehydte was added. The solution was thoroughly mixed until all compounds

were completely dissolved. Distilled water was added to adjust the final volume to 100 mL.

Simple staining was done according the following procedure; i) a loopful of sterilised water
was transferred on a clean glass slide, ii) a small amount of yeast growth was dispersed in the
drop of water and smeared on the slide then let to dry, iii) dry smear was fixed by passing the
underside of the slide through a Bunsen flame for a few timesftie) cooling, slide was
flooded with methylene blue 1% solution for 5 min., v) the excess strain was rinsed gently with
running water and slide was dried. Slides were inspected under the oil immersion lens (100X)
using light microscope (Optika) attachwdh camera (VWR).

Hl Screening and metabolism evaluation using phenotypic microarray
(PM) assay.

PM assays were carried out usstgrilised empty BioLog 98vell plates based on the method
developed by Greetham et al. (2014) with minor modifications. Eahin the plate was
supplied with a mixture of growth medium (30 pL) and buffered cell suspension (90 pL). Stock
solutions of (40% w/v) of each sugar (glucose, mannitol, xylose, galactose) and (28.7% wi/v) of
yeast nitrogen base (YNB) were prepared irdiiaily in seawater then filter sterilised. Sugars
were prepared from the stock solutions to give% @w/v) final concentration per well and
0.67 ZY RI <1% LQ WKH ZHOOYV ILQDO/ YWRMIRFHENHV R O XYW LHRHY
28 /| Rl <1% wanwoR,® / RI VHDZDWHURD@GGH ' %LR/RJ +D\ZDU
USA) were aliquoted to individual wells in the BioLog-@@ll plate.

Marine isolates and the reference strain were prepared for inoculation into the PM assay plates
as following; a frestculture (48 h) on SWM agar slope was prepared from stock cultures
stored at 4C. A small amount of yeast growth was transferred into test tubes (20 x 100 mm),
containing 10 mL sterile seawater and transmittance adjusted to 62% (~5cell$0mL)
(turbiGLPHWHU %LR/RJ 7KHQ P/ Rl WKH FHOO VXVSHQVLF
%LR/RJ WR REWDLQ WKH FHOO VXVSHQVLRQ IRU WKH 1
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suspension was inoculated into each well of the BioLog plate.-&eaeirobic condibins were

created by placing the plates inside PM gas bags (BioLog) and vacuum sealed using

DMC 260PDVacuum Packaging Machine. Inoculated plates were then incubated at 30°C in
the OmniLog plate reader (BioLog, CA, US) and reading was recorded every atesnior

24 hours. By the end of the run, the signal data was compiled and exported from the BioLog
software using MicrosdftExcel.Only the isolate that hadiaal BioLog reading (Redox signal
intensity) of 20 or over was countefll experiments were grformed in triplicates and the

mean signal values were presented.

Il PCR-based method (D1/D2 and ITS primers) for yeast identification

Identification of selected marine isolates was carried out based on the sequence of D1/D2 region
of the large 26S rDNA suimit using primers N1 (-
GCATATCAATAAGCGGAGGAAAAG - ) and NL4 ( -GGTCCGTGTTTCAAGACGG

). ldentification was also performed by sequencing the Internal Transcribed Spacer (ITS)
region wusing primers ITS1 {TCCGTAGGTGAACCTGCGG ) and ITS4 (-
TCCTCCETTATTGATATG- ) as described bWhite et al. (1990)and Mitchell et al.

(1992)

7KH 3&5 PDVWHU PL[ IRU 3&5 DPSOLILFDWLRQ HDFK UHDF
lunitofTag'1$ SRO\PHUDVH SPRO RI HDFK IRUZDU@cbQG Ut
deoxynucleoside triphosphate and enough distilled water up to a total reaction volume of 50

/| $ VPDOO DPRXQW RI \HDVW -48hRwas/picked Rsihgx rRietapipeite) H
tip and suspended in 50 pL of deionized water then incubatedfonirl at 95°C. 4 uL of the
preheated yeast suspension was transferred into the PCR tubes as a DNA template. Tubes were
then placed in a thermo cycler (TECHNE -bC UK), using the following settings: initial
denaturation at 98°C for 30 s followed by 35 egobf 98°C for 15 s, 52°C (for D1/D2 primers)
or 54°C (for ITS primers) for 45 s, and 72°C for 90 s, with a final extension step of 72°C for 5
min. PCR products were detected by electrophoresis separation using 1% (w/v) agarose gel
containing 4 uL of ethicdim bromide in TBE buffer (0.09 M Tris, 0.09 M boric acid, and 2 mM
EDTA, pH 8.3). A PCR cleaning kit (Sigrfsdrich, UK) was used for purification before
sequencing. The sequences obtained were aligned wusing BLAST analysis

(http://www.ncbi.nlm.nih.gov/BL/AT) for comparison with currently available sequences.
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Il YT-MicroPlate (BioLog system) for yeast identification

BioLog YT MicroPlates (BioLog, Hayward, CA) were used to identify 21 of the marine isolates
and the reference straiM.T Micro-Platescontained pe-prepared substrates for 94 different

tests in aeady to us®6 BioLog microplate with 2 reference wells (Figure 3.1). Fresh cultures

(48 h) were prepared on malt extract agar slopes using the working cultures stock that were
stored at 4C. For each sain, a small amount of yeast broth was aseptically transferred into a
test tube (20 x 106hm), contain sterile deionized water. Then the test tube was placed on
BioLog turbidimeter to reach a transmittance of 48%. Using a multichannel micro pipette, one
Y7 OLFUR3ODWH zZDV XVHG IRU HDFK VWUDLQ E\ ORDGLQJ
Plates were incubated at 26°C and the reads were taken after 24, 48 and 72 hours at a wavelengtr
of 450 nm for oxidation tests (the upper 3 rows in the platé)aawavelength of 590 nm for
assimilation tests (the other 5 rows in the plate) using a TECAN (Infinite® 200 PRO) plate
reader. Reads were generated and manually converted to values (positive, negative and weak).
All reads below 0.1 were considered negatieads between 0.1 and 0.3 were considered weak
reaction, while any reads above 0.3 were considered positive. The results were sent to

Technopati{Surrey, UK for identification using MicroLog® manual microbial ID system.

Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al2
Acetic Formic Propionic |Succinic |Methyl L-Aspartic| L-Glutamic|, . D-Gluconic . .
water | cid Acid Acid Acid Succinic  [Acid Acid L-Proline 1, cig Dextrin —inulin
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
Cellobiose Mentiobiog Maltose [Maltotrios{ D- . D- . Palatinose D- ) StachyoselSucrose |Trehalose |Turanose
@ Melezitose]Melibiose Raffinose
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12
N-Acetyl- D-
DGlucosan| " D-Psicose |L-Sorbose | Salicin D-Mannitol D-Sorbitol | D-Arabitol | Xylitol Glycerol |Tween 80
T Glucose |Galactose
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
Fumaric  |L-Malic D4 Methyl | Bromosucd L-Gluamic . . HAW R|2- Keto- .| D-Gluconic| . "
Water . . . . . . Aminobuty| Glutaric DGluconic ) Dextrin Inuilin
Acid Acid Succinate |inc Acid  |Acid ) . ) ; Acid
ric Acid Acid Acid
El E2 E3 E4 ES5 E6 E7 E8 E9 E10 E11 E12
Cellobiose Gentiobios Maltose [Maltotrios{ D- . D- . Palatinose D- ) StachyoselSucrose |Trehalose |Turanose
e Melexitose]Melibiose Raffinose
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
N-Acetyl
DGlucosany . ' D- . L- . OHWK OHW . . .
:ZGIucosan ine Glucose |Galactose D-Psicose Rhamnose] L-Sorbose DGlucosidd DGlucosidd AmygdalinArbutin Salicin
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
Maltitol D-Mannitof D-Sorbitol |Adonitol |D-Arabito |G6 Xylitol |i-Erythritol |Glycerol |Tween 80 L . D- . D-Ribose
Arabinose|Arabinose
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
N-Acetyl- - D- , 1,2-
Methyl LGlutamic Gu_lnlc Glucuronic|Dextrin +D’ D- - D- m-Inositol |PropanediAcetoin
D-Xylose |Succinate . Acid +D- . Lactose +[QMelibiose |Galactose
Acid +D- Acid+D- | Xylose +D-Xylose |l +D- +DXylose
+D-Xylose Xylose Xylose +D-Xylose [+D-Xylose
Xylose Xylose Xylose

Figure 3.1: Chemical substrats in YT-MicroPlate
Al to C12: For oxidation tests; D1 to H12: For assimilation tests
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Il Fermentations usingMini Fermentation Vessels (MFVSs)

Fermentations were conducted at miniature scale (100 mL) to allow applying maximum number

of experiments for yeastieening and for the optimising the condition of ethanol production.

3.10.1 Microorganisms

S. cerevisia@592 which was obtained from NCYC Norwich, UK was used in all experiment
as a reference and control strain. 9 marine yeast strains (Table 3.2) were $edectdoe

isolated marine yeasts for the fermentation tests in this study.

Table 3.2: Newly isolated marine yeasts with potiencial application in fermentation industry

Source ID Name Strain
Meditation Sea, Egypt Candidaviswanathii S8
Irish Sea, UK Sacharomyces cerevisiae S65
Saccharomyces cerevisiae S71
Wickerhamomycesnomalus S80
English Channel, UK Pichiakudriavzevii S83
Issatchenkia orientalis S88
Saccharomyces cerevisiae S118
North Sea, UK Candidaglabrata S127
Pacific Ocean, USA Candda albicans S142

3.10.2 Preparation of yeast inoculum

Yeast inoculum of each strain in this study was prepared as following; i) cryopreserved yeast
was streaked on YPD slant agar and incubated at 30°C for 48 hours, ii) 20 mL of YPD broth in
a 50 mL conical flak was inoculated by a loopful of the 48 hours yeast slant culture then
incubated in an orbital shaker at 30°C and 150 rpm for 48 h, iii) The culture was then transferred
into a 500 mL conical flask containing 200 mL of YPD and incubated for another d@&en u

the same conditions, iv) Yeast cells were harvested using a benchtop centrifuge at 3000 rpm for

3 minutes (Eppendorf, UK). The yeast pellets were then washed three times by dissolving and
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harvesting the with sterile deionised wateClean yeast pelte were resuspended in around
5 mL of sterile water to form a concentrated liquid yeast inoculum witkp§3D around 500
and used as an inoculum. Depending on the experiment, SW or Reverse Osmosis Water (ROW)

was used for media and inoculum preparation.

3.10.3 Preparation of Mini fermentation vessels (MFVs) for anaerobic fermentation

150 mL glass serum bottle (Wheaton, USA) containing magnetic fleas were autoclaved at
121°C for 15 min. Under controlled conditions, 100 mL of the required fermentation medium
was tansferred into the sterile MFVs. MFVs were then inoculated with around 100 pL of the
yeast inoculum to reach a starting concentration of 0.30€Bnaerobic conditions were
established using an autoclaved sealed butyl plug (Fisher, Loughborough, Ukdiaidum

caps (Fisher Scientific). An autoclaved handmade hypodermic needle attached to a Bunsen
valve was purged through a rubber septum of each MFV to facilitate the releasediri@@

the fermentation (Figure 3.2). The MFVs were then placed npositionmagnetic stirring

plate set at 80 rpm and incubated in a static incubator at 30°C for the required fermentation

time.

The rates of the fermentation were monitored by measuring the weight loss at regular time
points during the fermentation untilreached constant weight. At the end of the fermentation,
samples from each MFV were prepared for HPLC analysis (see 3.13.2) to quantify the

concentrations of ethanol, glycerol and glucose residues.

Based on the purpose of the experiment, the composifiche fermentation media was
designed as following:

3.10.4 Screening for high ethanol producing marine yeast

Fermentation media containing 6% glucose, 2% peptone and 1 % yeast extract were prepared
in SW and ROW. The pH of the media was adjusted to 5.5 usingdiNind/or NaOH then
autoclaved at 12C for 15 min. 9 marine yeast strains and the reference sBaite(evisiae

NCYC2592 were used in this experiment.
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Figure 3.2: Schematic diagram of mini fermentation vessel (MFV) for anaerobic fermentation

1, Bunsen valve (i, Durham tube; ii, Silicon tubing; iii, Hypodermic needle), 2, rubber septum with metal
crimp; 3, glass bottle; 4, working volume (100 mL); 5, magnetic flea.

3.10.5 Ethanol fermentation under osmotic stress by marineS. cerevisiaeusing
seawaterbased media with high glucose concentrations

The fermentation was conducted using -SWD media containing 2% peptone, 1 % yeast
extract and different concentrations of glucose (10, 15, 20, and 25%). Also, YPD medium
containing 2% peptone, 1 % yeast extaud 10% glucose in ROW was used for comparison.
The starting pH of all media was adjusted to 6.0 using 1N HCI and/or NaOH then autoclaved
at 122PC for 15 min. MarineS. cerevisiaestrains (S65 and S118) and the reference st&in (

cerevisiaeNCYC2592 were used in this experiment.

3.10.6 Ethanol fermentation by marine S. cerevisia@inder salt stress using YPD media
with high NaCl concentrations

Salt solutions at 3, 6 and 9% NaCl was prepared and used for preparing the fermentation media.
The media components veedissolved in the salt solutions to reach 6 % glucose, 2 % peptone,

1 % yeast extract. Volumes of media were adjusted to account for the addition of NaCl to ensure
that all fermentations began with the same carbon load. The fermentation media was prepared
also using ROW and SW at the same YPD concentration and used for comparison. The starting
pH of all media was adjusted to 6.0 using 1N HCI and/or NaOH then autoclaved@tfé21

15 min. MarineS. cerevisiastrains (S65 and S118) and the referencens{@aicerevisia@592)

were used in this experiment.
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3.10.7 Ethanol fermentation by marine S. cerevisiaaunder salt stress using synthetic
seawater (SSW) based media

Synthetic seawater of 35.22 and 70.44 g/L total salts was prepared as described in Table 3.3.
The fermentation media were prepared by dissolving YPD components in the SSW to reach 6%
glucose, 2% peptone and 1 % yeast extract. ABY-YPD and ROWYPD at similar
concentrations were used for comparison. The starting pH of all media was adjustesitogs.0

1N HCI and/or NaOH then autoclaved at 32Tor 15 min. MarineS. cerevisiaetrains (S65

and S118) and the reference str&ndcerevisia@592) were used in this pgriment.

Table 3.3: Composition of SSW according to the Oceargraphical Table, Sewart and Munjal

(1970), and a doubled concentration as used in this experiment

Concentration g/L

Component 1-strength 2-strength
NaCl 27.133 54.266
MgCl., 2.504 5.008
MgSo 3.382 6.764
CaCl; 1.167 2.334

KCI 0.742 1.484
NaHCO3 0.207 0.414
NaBr 0.08% 0.17
Total salts 35.22 70.44

Il Assessing the tolerance of maring. cerevisia@¢o osmotic and salt
stress

YPD media of 5, 10, 15 and 20% glucose were prepared in ROW and SSW of different
compositions (1x 2x and 3x) (Table 3.4). A-@8ll microliter plaes were loaded with the
PHGLD DW / SHU SZ¢tfedsiastrRims AndQHe reference str&ncerevisiae
NCYC2592were grown aerobically to exponential phase in YPD broth at 30°C using the
working stock cultures. Cells were harvested bytrifeigation at 3000 rpm for 3 min and
washed 3 times using ROW. Suspension of yeast at concentratiors@oDP was prepared
from each strain using ROW. 5 pL of the yeast suspension was pipetted into each well to reach
a starting Olgbo R1 8
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Plateswvere incubated in a TECAN Infinite M200 Pro plate reader (Mannedorf, Switzerland) at
30°C. The plate reader records §édevery 30 minutes using Magellan (7.1, SP1) software.
The plates were orbitally shaken for 1 minute before converting pixel densitsignal value
reflecting cell growth. After completion of the run, the signal data was compiled and
automatically converted into MicrosBfExcel compatible data by Magellan software. The
assay was performed in triplicate and the average reading weslplot

Table 3.4: Components (g/L) of YPD media with different glucose concentrations in ROW and

SSW of different salt concentrations

Glucose Peptone veast NaCl MgCl, MgSO. CaCl, KCI NaHCOs; NaBr
Extract

50.00 20.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
_YPD 100.00  20.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
" 150.00  20.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ROW 200.00  20.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
YPD  50.00 20.00 10.00 27.13 250 3.38 117 0.74 0.21 0.09
in 10000 20.00 10.00 27.13 250 3.38 117 0.74 0.21 0.09
1x 150.00  20.00 10.00 27.13 250 3.38 117 0.74 0.21 0.09
SSW  200.00 20.00 10.00 27.13 250 3.38 117 0.74 0.21 0.09
YPD  50.00 20.00 10.00 54.27 5.01 6.76 233 148 041 0.17
in 100.00  20.00 10.00 54.27 501 6.76 233 148 041 0.17
2X 150.00  20.00 10.00 54.27 501 6.76 233 148 041 0.17
SSW  200.00 20.00 10.00 54.27 5.01 6.76 233 148 0.41 0.17
YPD  50.00 20.00 10.00 8140 7.51 1015 350 2.23 0.62 0.26
in 100.00  20.00 10.00 8140 751 1015 350 2.23 0.62 0.26
3x 150.00  20.00 10.00 8140 751 10.15 350 2.23 0.62 0.26
SSW  200.00 20.00 10.00 8140 751 10.15 350 2.23 0.62 0.26
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Hll Fermentation using 15 L bioreactos
3.12.1 Bioreactor, description and operation

Large scale fermentations were conedctusing 15 L, irsitu sterilisable, stainless steel
bioreactors (TechfofS, InforsHT, Bottmingen, Switzerland) with 10 L working volumes
(Figure 3.3)Thecylindrical body of the bioreactor (200 mm diameter and 505 mm depth) with
central rotor from théop plate was equipped with thred&ded impellers of 66 mm diameter
around the shaft used for stirring. The vertical distance between impellers was 78 mm, and the
lowest impeller was positioned 78 mm above the reactor bottom. Temperature probes were
inserted through a metal jacketed port from the top of the plate and the sensor was positioned

78 mm from the bottom of each vessel.

The compressed gases (air or nitrogen) were injected into the vessel through the ddovasip
steamin-place capsule (Pall, U.Kinlet filter then into the fermentation media through a ring
sparger with a pore size of 0.5 mm, located 30 mm above the reactor bottom. Flow rate of the
gas passing into the bioreactor was regulated using a rotameter (V100, Vogtlin Instruments,
Germany)Gases exited the bioreactor first through a condenser, to ensure there was no loss of
media, and then through an exit filter (NovasipAn extension tube was attached to the exit
tube of the bioreactors to facilitate the safe removal of the gas contitigeovessels into the

environment through the nearest ventilated exhaust.

Before operating the bioreactors, pH probes (Meftleedo, U.K.) were calibrated using
buffers (pH 7.0 and pH 4.0) and inserted into an ingold port of the bioreactor. Sterilisas
achieved by direct injection of steam into the double jacket surrounding the bioreactor,
maintaining a temperature of 121°C for 15 minutes. Sterilisation step requires at least 5 L of
water or media inside the bioreactor before operation. All exyeris were conducted in

triplicate and aseptic procedure was followed.

The bioreactor was either controlled from a control panel attached to the body of the vessel or
remotely using a laptop connected to the bioreactor processing units. Fermentatizetqrara
such as temperature, pH and stirring rate were controlled remotely and all measurements were

recorded using Iris NT (version 5.02.709.0997, Infors, Bottmingen, Switzerland).
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Figure 3.3: Schematic diagram of a 15 L Bioreactor used for 10 L fernmation

1, motor; 2, Air outlet (through a condenser and HEPA filter); 3, Air inlet (through HEPA filter), 4, probe
for inlet of acid; 5, probe for inlet of base; 6, probe for antifoam; 7, probe for inlet of gas into head space
through metal plate; 8, Agttator shaft; 9, probe for temperature; 10, impeller; 11, double metal jacket; 12,
working volume; 13, Gas sparger; 14, three Ingold ports, one utilized for a pH probe and another for a
dissolved oxygen probe/sensor, 15, sampling port (8 mm manual valve lwiti -clamp connector)

3.12.2 Preparation of yeast inoculum for 15 Lbioreactors

Inoculum of the marine yea&. cerevisiaé&s65 were prepared for 10 L fermentation media
using the following protocol; i) cryopreserved yeast was streaked on DMYP slope and
incubate at 30°C for 48 hours, ii) 20 mL of YPD broth in a 50 mL conical flask was inoculated
by a loopful of the 48 hours yeast slant culture then incubated in an orbital shaker at 30°C and
150 rpm for 48 h, iii) The culture was then transferred into a 500 micaldflask containing

200 mL of YPD and incubated for another 48 h under the same conditions, iv) 100 mL of the

yeast culture was then used to inoculate 1 L of YPD broth in a 2 L conical flask and incubated
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at 30°C and 150 rpm for 48 h, v) yeast cellseA@arvested by centrifugation (Beckman, Medel
J2-21) at 5000 rpm and 10°C for 5 minutes, vi) harvested yeast was washed three times by
suspending and Hearvesting them with sterile SW, vii) Clean yeast pellets weseispended

in a similar volume of stdised SW to form a concentrated slurry yeast inoculum withd@D

of around 500 that was used as inoculum. All steps were conducted under aseptic conditions.

3.12.2.1Batch fermentation for ethanol production using marine yeast andY Bl&medium
containing 22% gluase

Bioreactors were filled with 10 L of SWPD fermentation media containing 1% yeast extract,

2% peptone, and 22% glucose dissolved in seawater at a starting pH of 6.0. Sterilisation for the
media and the bioreactor was conducted at 121°C for 15 mirin(a®ction 3.12.1).
Fermentation medium was aerated for an hour using compressed air at a rate of 10 L/min.
Aerated media was aseptically inoculated with yeast to achieve final cell density of about 0.5
ODsoo (about 3x10 cells/mL). Fermentation was card out at 38C and a stirring rate of 200

rpm. Samples were collected at regular time points over 54 hours to analyse the kinetics of the
fermentation by measuring glucose residue, glycerol and ethanol production. In order to achieve
anaerobic condition ding ethanol fermentation, no additional air or oxygen were injected into

the vessels after the initial oxygen was consumed by yeast.

3.12.2.23-Stage batch fermentation for ethanol production using marine yeast andP®&N
medium

The first stage was starting byiisferred 8 L of the propagation medium, composed of 1%
yeast extract, 2% peptone, and 4% glucose dissolved in seawater, into the bioreactors. The pH
of the medium was adjusted to 6.0 using NaOH (50% w/v) and the sterilisation, for the media
and bioreactqrwas carried out as described in section 3.12.1. Vessels were cooled down till
30°C and aseptically inoculated using the yeast inoculum to achieve a final cell concentration
of about 2.0 Okyo. The propagating stage S{lstage) was carried out aerobicaliging
compressed air (at a rate of 10 L/min) atGB@nd stirring rate of 200 rpm for 10 h. Samples
were collected at regular time points to determine the growth rate in terms of OD using
spectrophotometer. By the end of the propagation stage, air swaglystopped and the
bioreactors were flushed with nitrogen (at a rate of 10 L/min) for 30 min to establish anaerobic

condition for the second stage. The temperature of the reactors was also increa%ed to 35

The second stage was started by adding 2dtesilised glucose solution (100% w/v) prepared
in seawater to the bioreactors in order to obtain a glucose concentration around 20% (w/v) in

the fermentation medium. A sample was taken at i@ point to analyse the concentration
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of glucose, glyceroéthanol and yeast cell density at the beginning of the ethanol fermentation
stage. Thensamples were withdrawn at regular time intervals for 20 h to assess the fermentation
kinetics by monitoring the changes in the concentratigiuzfose, glycerol ethahand yeast cell
density. The 3¢ stage started by adding 1 L of the glucose solution to the fermenters. The
fermentation conditions and sampling were conducted as if'tstage. The pH was adjusted
to 6.0 at the beginning of each stage by adding cdrated NaOH (50% w/v).
3.12.2.3Batch fermentation for ethanol production from sugarcane molasses medium (30%)
prepared in seawater.
Bioreactors were filled with 4 L of seawater then sterilised at 121°C for 15 min. (as in 3.12.1).
6 L of the MWS (section 3.4.1yas transferred aseptically into the bioreactors to obtain a
molasses medium concentration of 30% (w/v). The medium was supplemented with 3 mL of
antifoam (50% vl/v, in seawater) and 10 mL of urea solution (20% w/v, in seawater) and the pH
was adjusted td®.5 using NaOH (50% wi/v)The medium was aerated for an hour using
compressed air at a rate of 10 L/h before inoculating with yeast to achieve final cell density of
about 1.0 Olyo(about 3x18cells/mL). Fermentation was carried out atG@nd stirring ate
of 200 rpm. To assess the kinetics of the fermentation, samples were withdrawn at a regular
time points for 48 hours to monitor sugars (sucrose, glucose and fructose), glycerol and ethanol.
Anaerobic condition was achieved in the bioreactor as na aixygen has been injected into

the vessels during the fermentation.

3.12.2.42-stage batch fermentation for ethanol production from sugarcane molasses medium
prepared in seawater.

Bioreactors were filled with 4 L of seawater then sterilised at 121°C for 15awmim Section
3.12.1). 1 L of MWS (section 3.4.1) was transferred aseptically into the bioreactors to obtain a
propagation medium of 10% (w/v) molasses concentration. The medium was supplemented
with 3 mL of antifoam (50% w/v in seawater) and 10 mL of useltion (20% wl/v, in
seawater). The medium was aerated for an hour using compressed air at a rate of 10 L/h after
adjusting the pH to 5.6sing NaOH (50% w/v). The propagation stagésthge)was started by
inoculating the fermentation medium with yetsachieve a cell density of an @pof about

2.0. The fermentation was carried out for 14 h 8C30ith a stirring rate of 200 rpm. Samples
were collected at a regular time points to determine the growth rate in terms of cell density at
ODsoo using sectrophotometer. By the end of the propagation stage, air supply was stopped
and the bioreactors were flushed with nitrogen (at a rate of 10 L/min) for 30 min to establish

anaerobic condition for the second stage, also the temperature of the reactarsreased to
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35°C. The second staging (ethanol production) was started by adding 1 L of sterilized seawater
and 4 L of the MWS (section 3.4.1) to the bioreactors in order to obtain a fermentation media
with molasses concentration of 20% (w/v). A sample taken at the @ime point to analyse

the concentration of glucose, glycerol ethanol and yeast cell density at the beginning of the
ethanol fermentation stagBamples were withdrawn at regular time intervals for 30 h to assess
the fermentation kinetics bynentoring the changes in the concentration of suggltecd@se,

fructose, and sucrose), glycerol and ethanol as well as the pH yeast cell density.

3.12.3 Sampling from FVs

Samples were collected manually through a sampling port manual valve (8 mm) with a tri
clamp connector. The valve was sterilised with 70% (v/v) ethanol before sampling. The pH and
ODsoo Were recorded directly after sampling (when required) and samples were centrifuged at

3000 rpm for 5 min. The supernatant was collected and st®@°& untilrequired for analysis.

Il Development new HPLC method for measuring sugars and
fermentation metabolites in samples containing high concentrations
of chloride salts

3.13.1 Chemicals

Chemicals and solvents used in this study were HPLC or analytical grade purcbasEiirer
or SigmaAldrich. Distilled water was used as a solvent for preparing the mobile phase and

samples.

3.13.2 Chromatography

The HPLC system consisted of a JASCO-2(0%5 Intelligent auto sampler (JASCO, Tokyo,
Japan) and a JASCO P1580 Intelligent HPLC pmp (JASCO). Chromatographic separation

of sodium chloride (NaCl) as well as all other components under investigation in this study
(organic and inorganic salts, sugars, organic acids and alceladsichieved at 36 using a

Hi-Plex H column (7.7x300mm P $JLOHQW 7HFKQRORJLH¥03IQF 8.
Intelligent refractive index detector (Jasco). The mobile phase was 0.005® &t a flow

rate of 0.4 mL/min. The mobile phase solution was also used for flushing the syringe of the
auto samplé) 7KH LQMHFWHG YROXPH ZDV /| DQG WKH DQDO
determination o€l salts only, 16 min for determinir@" salts and sugars and 32 min to include

the determination of organic acids and ethanol. A blank sample of distilled was used to
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verify the purity of the water being used as solvent. The goodridgsf various calibration
models were evaluated by visual inspection and the correlation coefficient as well as intra and

inter-run acaracy and precision valuesection 3.13.6).

3.13.3 Preparing a stock solution of NaCl for peak detection

Stock solutions at the concentration of 40.00 g/L from 3 different NaCl grades (analytical grade
from Fisher 99.85%, rock salt Lab grade from Fisher and salt food grade from SAXA) were
prepaes at 4 levels (40.00, 20.00, 10.00, 5.00 g/L) to identify the peak under investigation.

3.13.4 Preparation of different stock solutions from various components for peak
detection

Stock solutions of 29 different salts, sugars, organic acids and alcohols (Tablese
prepared at a concentration of 20 g/L. Each component was injected separately into the system
at a concentration of 10 g/L in order to test the ability of the method for detecting and
determining the retention time (Rt) of each component. Thek stolutions were used to
prepare 5 mixed solutions (A, B, C, D, and E) from components that had different Rt to test the
separation efficiency of the metholllixture A was prepared from 9 components (sodium
chloride, maltose, sodium citrate, glucose, marsodium succinate, glycerol, sodium acetate

and ethanglat a concentration of 2.22 g/L for each component. Mixture B was prepared from

8 componentgpotassium chloride, citric acid, galactose, arabinose, succinic acid, formic acid,
acetic acid and e#imol) at a concentration of 2.5 g/L for each component. Mixture C was
prepared from 4 componen{smagnesium chloride, lactose, xylose and lactic Aatl a
concentration of 2.5 g/L for each component. Mixture D was prepared from 3 components
(sodium sulphi, sucrose and sorbitol) at a concentration of 3.33 g/L for each component.
Mixture E was prepared from 3 components (sodium bromide, sodium phosphate and fructose)

at a concentration of 3.33 g/L for each component.
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Table 3.5: Different chemical ompounds tested using HiPlex H column

No. Substance
1 Sodium bicarbonate (NaHGPD
2 Sodium carbonate (N@Qs)
3 Sodium fluoride (NaF)
4 Sodium sulphate (N&0O4)
5 Sodium bromide (NaBr)
6 Potassium chloride (KCI)
7 Magnesium chloride (MgG)
8 Sodum chloride (NacCl)
9 Maltose (GoH22011)
10 Sucrose (&H22011)
11 Tri-sodium phosphate (MNAQy)
12 Lactose (@H2:011)
13 Tri-sodium citrate (N&CeHs07)
14 Citric acid (GHsOy)
15 Glucose (GH120s)
16 Galactose (6H120¢)
17 Xylose (GH100s)
18 Fructose (6H1205)
19 Mannitol (GH140s)
20 Sorbitol (GH140g)
21 Arabinose (GH100s)
22 Succinic acid (GHgO4)
23 Sodium succinate (El4sNaOa)
24 Lactic acid (GHeOs)
25 Glycerol (GHsO:s)
26 Formic acid (CHOy)
27 Sodium acetate (ElsNaQ,)
28 Acetic acid (CHCOOH)
29 Ethanol (GHeO)
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3.13.5 Preparation of stock solutions of NaCl for calibration standards, and quality
control samples

Calibration solutions of NaCl (Fisher, UK) at concentrations of 40.00, 20.00, 10.00, 5.00, 2.50,
1.00, 0.50 and 0.25Igivere prepared in distilled water. These solutions were freshly prepared
in triplicate on the day of analysis and the experiment was repeated on four different days. The
results were used to generate a standard curve as well as to investigat@nohtr@errun

variation.

Quality control samples of NaCl in distilled water at concentrations of 30.00, 15.00, 7.50, 3.00,
2.00 and 1.00 g/L were prepared in quadruplicate. The quality control samples were used to

validate the accuracy and reproducibility of gtandard curves.

3.13.6 Validation of the procedures

The selectivity of the methodology (the validation of the peak and retention time) was evaluated
by using different NaCl solutions of different grades (analytical grade, rock lab grade and food

grade). Diferent NaCl grades were used to make sure the peak at 10.90 min. correlate to the
Cl- in the seawater and not any other organic substances from the sea.

The validation was carried out following formerly reported procedures (Marin et al., 2007; Shah
et al, 2000). Validation of the chromatographic method was carried out for two concentration
ranges; high concentration range (40.00 to 5.00 g/L) and low concentration range (2.50 to 0.25
g/L) and was determined by applying 4 sets of calibrations in triplatatelevels for each
concentration range. Quality control samples at 6 concentrations and from different stock

solutions were also applied.

Calibration graphics in the range of 5:080.00 g/L and the range of 2.50.25 g/L NaCl were
plotted based ote peak areas of NaCl on axis y against the respective nominal concentrations
on axis X. All calibration curves were required to have a correlation value of at least 0.998. The
intra-run and intefrun accuracy and precision of the assay were assesdegldetrage relative
percentage deviation (DEV%) from the nominal concentrations and the coefficient of variance
(CV) values, respectively, based on reported guidelines (Marin et al., 2007; Shah et al., 2000).
Precision (CV) and accuracy (DEV%) were caltedisby the following Equations 3.1 and 3.2:

CV (%) = (SD/ Average calculated concentration) X 3:80----------=--=--==-=mmemmmmemmno- (3.1

DEV (%) = (1 Average calculated concentration / Nominal concentration) x-186-- (3.2)
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Intra-run (n = 3)and Interrun (n = 12) precision and accuracy of the analytical method were
determined from the results of 2 groups of calibration curves run on 4 different days. Quality
control samples containing the 6 concentrations of NaCl were evaluated from theeabtai
calibration curves. The intnain precision and accuracy measurements were also performed on

the quality control samples (n = 4).

3.13.7 Limit of quantification (LOQ) and Limit of detection (LOD)

LOQ was determined by considering the lowest concentrationamtiecision expressed by

CV of lower than 20% and accuracy expressed by DEV% also lower than 20%, and a Signal
to-noise ratio (S/N) greater than 10.0. LOD was determined at the lowest detectable
concentration with S/N greater than 8\@arin et al., 2007Shah et al., 2000)

3.13.8 Application of the method

Salt content in 15 food samples, purchased from a retail market, was determida@las
concentratiorusing our new method'he results were compared with three other methods as
listed below in sections 2.8e81d2.8.4.

3.13.8.1Sample preparation
ILTXLG VDPSOHYV WR ZHUH ILOWHUHG XVLQJ D P
grams of each solid sample (115) were placed into &0-mL falcon tube. Then, 40 mL of a
hot deionised water (86) were added to each falcon tube. The samphkre wissolved by
vortexing the falcon tube for 5 min. The tubes were thenbatedn a water bath at 86 for
10 min, then vortexed again for 1 min. The suspensions were filtered using a glass microfiber
ILOWHU SRUH VL]H®) then tRey Wl WIPOWHUHG DJDL ®@yrXgeLQJ D
filters (Millipore, UK). Cheese samples (11 &12) were mashed in a porcelain mortar before salt
extraction.
3.13.8.2Using the new HPLC method for simultaneously measiNai@|, sugars, organic

acids and alcohols in food safep
Prepared food samples were injected (directly without dilution) into the HPLC system using an
auto sampler with an injection volume of 10 pL as described in section 2.3. The total running
time was 32 min. All measurements were carried out in triplidsteans with standard

deviations of triplicate determinations were reported.
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3.13.8.3Using ATAGO salt meter to measure salt content in food samples

ATAGO pocket salt meter (PAES2, Japan) is a typical equipment used for testing the level

of salinity in a solutia, which is based on the conductivity of the sample. Prepared food
samples were used directly (without dilution) as the equipment states that the measurement
range from 0.1 to 50 g/L. All measurements were carried out in triplicate and the measuring
cell was rinsed with distilled water after each test. Means with standard deviations of triplicate

determinations were reported.

3.13.8.4Using lon Chromatography (IC) to measure NacCl content in food samples

Prepared food samples were diluted to an expectec@ie batreen 10 and 200 ppm. The
Dionex ICS1100 ion chromatography System (Thermo Scientific) was used to measure the Cl
in the samples. Separation of Cl ions was achieved by using lonPac AG14A Carbonate Eluent
Anion-Exchange Column while lonPac AS14A Carbonaleent AniorExchange Column

was used as a guard column. The flow rate of the mobile phase was 1.4mL/min containing; a)
3.5 mM NaC0s and 0.1 mM NaHC@ The separation was achieved at@G@nd thetotal

running time was 12 min.

The concentration of sodiuchloride in the liquid samples was calculated using Equation 3.3.

The concentration of sodium chloride in the solid samples was calculated using Equation 3.4.

“-'(%0)’¢:(-02§QCE¢0’ i
Ozto'L Oo7 M s~ sag7 HP Equation (3.3)

o %05 tSceeZ& ®ET0O’ v Y o
. Hp H
e Y%o> FVcee ZS @ pH

0,10:L 0p7 H- [V UNURY S—— Equation (3.4)

Cnaciis the concentration of NaCl in the sample (g/L for liquid sample, g/kg for solid sample)
Ccr is the concentration Chloride ion obtained from the IC method (g/L)
D is the dilution factor for IC analysis

3.13.8.5Using Flame Photoeter (FP) to measure NaCl content in food samples

Prepared food samples were diluted to several concentrations to achieve the suitable
concentration range of sodium ¢R0 ppm). Diluted samples were then injected manually in a
flame photometer (Sherwood @, Halstead, UK) to determine the sodium content. The method
for using this flame photometer was previously described by Helrich (1990). Butane and air
were supplied as the source of flame in this experiment. The flow rate of fuel was adjusted to

obtain he maximum sensitivity. Standard curve of sodium in the concentration range from 5 to
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20 ppm was prepared and the signal of the 20 ppm standard was checked several times during
the analysis.

The concentration of sodium chloride in the liquid samples algsikated using Equation 3.5.
The concentration of sodium chloride in the solid samples was calculated using Equation 3.6.

Means with standard deviations of triplieateterminations were reported.

“e'(Y%o>'ticee & @z t0’ .
0z10'L OrsHr o —r 5o gy MR Equation (3.5)

.,(%0)7¢;("2§°CE2107 Ua)Y& o< <~ o~ .
oo sa: PR g AU U UG- Equation (3.6)

0zio’L OziH

Cnaciis the concentration of NaCl in the sample (g/L for liquid sample, g/kg for solid sample)
Cnais the concentration sodium ion obtained from the FP method (g/L)

D is the dilution factor for FP analysis.

Il Statistical analysis
3.14.1 Mean and standard deviation

Most experiments throughout this thesis have been carried out in triplicate; therefore, the data
reported are the mean values with standard deviation. The statistical analysis was carried out
using Excel (Mcrosoft, USA).

3.14.2 R statistical computing environment

Data from the24-hourtime points from PM assays were analysed using Linkage analysis with
JQTL (http://churchill.jax.org/software/jqtl.shtml), a java graphical interface for R/qtl package
x86_64w64-mingw32/x64 (R Development Core Team, 2008). The data was converted into
comma delimited files and operated on a R workspace application. RGui 64 bit is a free to use
software for statistical analysis package (http://ww1.rproject.org/). This package was used to
compare the sugar utilisation in ROW, SW and SSW based media using 116 newly isolated

marine yeasts.
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Chapter 4:

4. Development of an efficient method for the isolation of

marine yeasts strains

Bl Introduction

The marine environment, which accounts for 71% W KH SODQHWYV VXUIDFH D
widely explored for yeast isolation. Recently, marieasts have been identified @stential

source for producing valuable compounds such as biofuels, amino acids, proteins, vitamins,
polysaccharides, fatty ats, phospholipids and enzym@&hi et al., 2009, Sarkar et al., 2010)
These products have been shown to have potential for commercial exploitation. Research on
marine yeasts has highlighted several promising features over terrestrial yeast strains, e.g.
higher tolerance to extreme environments and higher produc{Zaityy et al., 2014, Obara et

al., 2015) Urano et al(2001) hassuggested thateastswhich inhabita marine environment

would have developed a mechanism to tolerate high osmotic 8thes®, 2001) However,
utilisation of marine yeasts for commercial purposes has not been widely estalilshésl
principally due to a lack of research and limited availability of marine yeast isglzda&y et

al., 2014, Chi et al., 2009, Zaky and Du, 2014

Torula sp. andMycodermasp. were the first yeasts isolated from the marine environment in
1894 by Bernhard Fisch@utty and Philip, 2008)Since then various marine yeasts have been
isolated from different marine sources, including seawater, sea (¥éamag et al., 2008,
Khambhaty et al., 2013seaweed$§Seshadri and Sieburth, 197%sh and different marine
animals(Burgaud et al., 2010According to a recent report, the number of marine yeast species

which have been classified and described hashed 213 speci€dones et al., 2015)

In this study, isolation of marine yeast strains using the existing methods was initially planned.
However, the application of two existing methods to isolate marine yeasts usisgnaples
did not givesatisfactoy resuls (as described in chapter 4.2.1 and 4.2.2 below). This led to the
adjustment of the project orientation to develop an effective marine yeast isolation method in
the first place. The development of an efficient and reliable isolation method fimenyaast
will advance the employment of marine yeasts by introducing new species and strains with
desired properties for research projects and industry. In general, the development of a marine
yeast isolation method involves three aspects: (i) specignmple collection technique; (ii)
design a yeast isolation medium and (iii) propose a strain isolation protocol. The main
challenges in marine yeast isolation are the relatively low yeast popyta&senin marine
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sampleqKutty and Philip, 2008, Fell,@01)and the presence tlamentous fung{Fell et al.,

2011) To maximize the chance of obtainin@pighernumber of yeast strains from the marine
samples, isolation was conducted within 2 days of samfdingiost of the reported marine
yeast isolatioomethodg(Kutty and Philip, 2008, Ahearn et al., 1968he growth of bacteria
contained in the marine samples can be inhibited by the addition of antil§fe#its2001)
However, growth of filamentous fungi could not be prevented, as there is no medicmisv

yeast specific and does not support the growth of filamentous fungi. Therefore, several
strategies have been proposed in the isolation protocol development stage to minimize
filamentous fungi growth, including reducing the incubation peliptheshet al., 2011,
Khambhaty et al., 2013)educing the amount of the sample to be used in the strain isolation
(Dinesh et al., 2011)r reducing the incubation temperat(fell et al., 2011, Nagahama et

al., 1999) As a consequence of reducing the preseffdamentous fungi, yeast growth was

also negatively affected.

The current methods for marine yeast isolation have several limitations, including (i)
requirement of recent collected samples; (ii) utilising growth media that encourage mould
growth; and(iii) producing low numbers of yeast isolates. Therefore, the objective of this
chapter was to develop an efficient method for marine yeast isolatich includedhe design

of a new enrichment and isolation media and the construction of a new isgbatitocol.
Particularly, the new method enables the usage of an aging marine sample for the potential
isolation of marine yeasts. The results in this chapter constitute part of a paper published in

journal of Microbiology and Biotechnology (Zaky&., 205)

Bl Results

In this chapter, the development of a new and efficient method for marine yeast isolation was
described.Initially, two methods from literature; Kutty methdq®utty, 2009) and Dinesh
method(Dinesh et al., 2012yere applied with a small moditation as described in chapter 3

- on 14 marine sampleghich were collected for the current studiResults revealedo yeast
colonies obtained from any sample using either method (as described in detadetioinss

4.2.1 and 4.2.2 below); as a resalthew method for the isolation of yeasts from marine
environmentsvas developedThe sample type, location and sampling sedsothe marine

samplesarelisted in Table 4.1.
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Table 4.1: Marine samples for yeast isolation

Sample Type Locations Habitat Sampling Time

A Seawater Alexandria, Egypt Mediterranean Sea March
B Seawater Suez, Egypt Gulf of Suez March
C Seawater Ras Sedr, Egypt Gulf of Suez March
D Seawater Ismailia, Egypt Timsah Lake March
E Seawater Wales 1, UK Irish Sea April

F Seawater Wales 2, UK Irish Sea April

G Seawater Plymouthl, UK English Channel March
H Seawater Plymouth2, UK English Channel March
I Sea sand Alexandria, Egypt Mediterranean Sea March
J Seaweed Plymouth3, UK English Channel March
K Rotten Seaweec Plymouth4, UK English Channel March
L Seawater Whitby, UK North Sea April

M Seawater New York, USA  North Atlantic Ocean August
N Seawater San Diego, USA North Pacific Ocean August

4.2.1 The isolation of marine yeasts using the method described by Kutty et al (2009)

In this method, seawater samples and suspension of the solid samples were filtered using 0.45

P QLWURFHOOXORVH

ILOWHUV WKHQ WKH

ILOWHUV ZHUH

SW-YM medium. The plates were then incubated at room temperatueel(Z3. The plates

were inspected daily to observe the growth of yeast colonies. No growth was observed from 3

samples (B, C or F) during 14 days of incubation while medium to heavy growth of mould

colonies was obtained from the other 11 samples (Figliee& Table 4.2a).
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Figure 4.1a: Moulds load after applying Kutty method for yeast isolation from marie samples

A) No mould colonies (sample B); B) Low number of mould colonies (sample D); C) High number of mould
colonies (sample G)

Table 4.2a: TheMould load on YM agar plates from marine samplesising Kutty method for

yeast isolation

Sample A B C D E F G H | J K L M N
Moulds

++ - - + + -+ o+ +  ++ o+ ++
Load

HT 1R PRXOG FRORQLHV p 1 /RZ QXPEHU RI PRXOG FRORQLHV

4.2.2 The isolation of marine yeasts using the method described by Dinesh et al (2011)

This method uses pour plate technique using SaboXr& fV 'H[WURVH $JDU 6'$
which wasprepared using 50% seawaterd ncubation at 35°C. No growth of any kiod
microorganisms wasbservedafter 2 days incubation. The inhibition of bacterial growth was
achieved by adding antibiotic to the medium. The incubation time of this method (2 days) was
not enough for the formulation of mould colonies. The absence sf gelnies maybe due to

the very low number of yeast cells in the sammspecially the samples were2aveeks old

that madeit impossible to isolate yeasts from 1 mL of the sample. The incubation of the plates
was continued for another 5 days. Ingmecof the plates after 7 days of incubation revealed

that mould coloniegvas presendn 10 out of 14 samples (Figurdd.and Table 4.2b).
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Figure 4.1b: Filamentous fungal load on SDA medium from marine samples after 7 days of
incubation

A) No mould cobnies (sample E); B) Low number of mould colonies (sample A) ; C) High nureb of mould
colonies (sample G)

Table 4.2b:Mould load on SDA plates from marine samplesafter 7 days of incubation

Sample A B C D E F G H | J K L M N
Moulds

+ - - + - - ++  ++ O+ + + + +
Load

HT 1R PRXOG FRORQLHV p T /RZ QXPEHUKRQ PREHW RFFIRFORQALE F Ry

4.2.3 Development of a new methodology for the isolation of yeasts from a marine
environment

The results obtained from tleovementionedisolation methds revealed thahe samples
contained very low number of yeast cells and relatively high number of moulds., ltees=
two methods for marine yeast isolation were not applicable to our samples and there was a need

for a new isolation method.

Based on ta results obtained above (Figure 4.1a and 4.1b), the main challenges of marine yeast
isolation seem to be the lack of yeast growth in the isolation medium and the presence of moulds
LQ WKH VDPSOHV 7KHUHIRUH LQ WKH ILedri¢hvhevitimet&mD Q H Q
was prepared using high sugar concentration supplied with nutrients that supportethe fast
growth of yeastvhen compared with filamentous fun&nrichment has been suggested in this
studyto increase the number of yeast cells egdice moulds in the samples at the same time,
asyeast cells are expected to grow faster tianlds in a liquid medium containitggh sugar
concentratior{Zaky et al., 2016)Therefore, a 100 mL seawater sample was mixed with equal
DPRXQW R =D Nntfnédidm® (ddubl&d$rehgth) or 20 g of each solid sample (sea sand
RU VHDZHHG ZDV LQRFXODWHG LQ P/ RI =DN\YfV HQULF

80



media were incubated aerobically ab@Pat 150 rpm for 48 hours. Microscopic inspection for

the eariched culture after 2 days of incubati@vealedhat high numbers of yeast cells were
obtained but filamentous fungi were also present in the yeast culture (Figure 4.2A). The media
and culturing conditions have certainly succeeded to encourage thin groyeast cells and
produced large number of yeasts. The presence of filamentous fungi in the enriched cultures
was due to their presence in the original samples. In order to reduce the number of filamentous
fungi in the yeast cultureshere followed asecond enrichmentycle The second cycle of
enrichment usd the same enrichment medium and incubation condéi®rwith the first

enrichment cycle using 0% (v/v) inoculation from the first enrichment cycle to the second

Inspection for the culture cdihed from the second enrichment cycle revealed that the number

of yeast cellhadincreased and the presence of mohladdecreased (Figure 4.2B).

A third enrichment cycle was then conducted to further decrease the occurrence of filamentous
fungi in the yeast cultures and 8zreenfor yeast strains with potentially desirable sugar
utilisation Therefore, in the third cycle of enrichment, different types of sugar were used in
SUHSDULQJ WKH HQULFKPHQW P HGTH2 micioddafi MishedtROd W LR Q
the cultures obtained from the third enrichment cycle showed high numbers of yeast cells
without any presence of filamentous fungi. By the end of the enrichment step, yeast cell
numbers reached 10 1C® cells/mL, whilethe growth of bactéa andfilamentous fungwas

eliminated

;
N,

Figure 4.2: Microscopic image (1000x) of the cultures after each enrichment cycle

A) primary enrichment cycle; B) scale up enrichment cycle; C) differential enrichment cycle. Each cycle of
enrichment was conductedor 48 h.
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JROORZLQJ WKUHH F\FOHV RI HQULFKPHQW WKH LVRODYV
isolation using serial dilution and pure plate technique. Isolation plates were incubat¥cl at 30

Large numbers of yeast colonies were obtained withbwioas bacterial or mould colonies

were observed on the agar plates after 48 hours of incubation (Figure 4.3).

ot N o

Flgure 4.3: Example of yeast colomes on the isolation plates

Table 4.3 shows the yeast viable count (YVC) of the isolates from the samples und
investigation. When glucose was used as the carbon source in the third cycle of enrichment and
isolation media, the YVC ranged from 24.7+£5.03 to 220+20.82 m(@lled/mL. Similar YVC

range was obtained when galactose was used as the carbon feoufee final cycle of
enrichment and isolation media. In comparison with glucose and galactose, using xylose as the
carbon source resulted in a significant reduction of YVC in almost all samples, indicating
glucose and galactose wehe preferred substratesrfmarine yeasts. Starch was also used as

a sole carbon source in the last step of enrichment. Isolates were obtained in 5 samples, and
YVC ranged from 0.25 to “  million CFU/mL. When cellulose was used, isolates
were detected in 3 samples (F, & J), and YVCs were 20 , 0.55" and 0.5*

million CFU/mL, respectively (Table 4.3).
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Table 4.3: Yeast viable count (YVC) of the isolates for 14 marine samples using the new isolation

method that was developed in this study

Isolation media Glucose Xylose Galactose Starch Cellulose
Samples CFU/mL (million ?)
A 206.6720.8 32.67+£40 230.00£20 N/A N/A
B 220.00£20 5.53+£0.5 45.33#4.5 N/A N/A
C 49.003.6 N/A 25.67+60 0.75+01 N/A
D 24.6745.0 14.33+40 86.33+40 1.60+03 N/A
E 42.6745.0 1.7740.6 17.33+50 N/A N/A
F 129.005.6 7.97+23 83.67#.8 N/A 2.00+0.5
G 24.33#4.5 12.3325 68.3313.5 1.80+02 N/A
H 91.6743.5 34.67+50 20.67+31 N/A 0.50 0.1
| 73.3386.7 25.33#4.5 38.67+92 N/A N/A
J 38.335H.7 39.335.5 61.674.8 N/A 0.55+0.1
K 27.00#4.6 14.6783.5 N/A N/A N/A
L 122.67#7.4 30.33+61 84.67+61 N/A N/A
M 106.33421 4.374.8 33.6746.5 0.75+£0.1 N/A
N 169.3344.4 31.00+151 33.33#.6 0.25+£0.1 N/A

N/A: Data Not Applicable because the test was not conducted (as in starch ande&atiutbe colonies
were not preserdn the plates of theé"dilution (aswith xylose and galactose).

83



Different colony morphologies such as colour (white, cream, yellowish, red), shape (circular,

oval, irregular, spindle, star, triangle), si@mall, medium, large), surface (smooth, fluffy,

rough, dry) and elevation (flat, raised, convex) were observed on the isolation plates. Colonies

that were present on the same plate andthedame appearance were considered to be the

same strainA tota of 116 yeast coloniesere selected from all samples. The selected colonies

represent different sample sources, different isolation nadialifferent colony morphology

(Table 4.4).

Table 4.4: Distribution of new marine yeast isolates

Numbers of isohtes using different substrates

Sample Glucose Xylose Galactose Starch Cellulose I;ro?;?:es
A 4 3 3 N/A N/A 10
B 3 2 2 N/A N/A 7
C 7 0 2 3 N/A 12
D 4 2 2 2 N/A 10
E 1 0 2 N/A N/A 3
F 3 2 2 N/A 3 10
G 4 3 2 3 N/A 12
H 4 2 2 N/A 1
| 3 0 3 N/A N/A
J 3 1 3 N/A 6 13
K 2 1 2 N/A N/A
L 3 0 0 N/A N/A
M 2 3 2 1 N/A
N 3 2 2 1 N/A

Total 46 21 29 10 10 116
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Following the third enrichment stepurity of the 116 selected colonies was confirmed by
streaking them on an agar plate @aning SWYM agar medium followed by microscopic
examination using methylene blue slides and preparing agar slants and glycerol stocks of the

pure isolates. Microscopic images showed that some of the isolates were polymorphological

yeast like cells (Figw 4.4).
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cells of some strains isolated from different

marine samples

A) Strain S11 from sample A; B) Strain S126 from sample L; C) Strain S130 from sample M; D) Strain
S131 from sample M
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4.2.4 Comparison between three methods for the isolation of yeasts from some marine
environments

Three methods of isolation were used in this study. They are different in sample preparation,
isolation media, incubation conditions and the time required for isolationle dalbompares

the three isolation methodgichwere used in this study.

Table 4.5: Comparison of the three marine yeast isolation methods used in this study

=DN\YV OHWKRG XWWA 'LQHVKY
(developed in this study) method? methodP
Sample Enrichment Filtration ]
Preparation 3 cycles (48 hours each) ILOWHUV
=DN\TV OHGLD YM agar 6DERXUD
Media® (enrichment, isolation broth & isolation :LFNHUK Dextrose Agar
agar) medium) (SDA)
Antibiotic penicillin G + streptomycin sulphate Chloramphenicol )
(500 mg/L each) (200 mg/L)
pH 5.0 7.0 5.6
Incubation o o
Temp. 30°C 18 +ZC 35C
Total Time Maximum of 10 Days At least 16 Days At least 4 Days
Sample size 10 g or 100 mL 30-100 mL 1g
Sample Up to 3 weeks old samples New samples New samples
only only
Number of :
isolates Very high Low Very low
Specificity Specific to yeasts Specific to fungi Not specific
Applicability  Suitable for both liquid and solid marinc  Fresh liquid Fresh solid
sample samples samples

2This method was carried out based on the procedure suggested by Kuttp@®al, 2
bThis method was carried out based on the procedure suggested by Dinesh et al, 2011.
¢Detailed medium composition regted in Materials and Methods.

Bl Discussion

The samples used for marine yeast isolation in the current study were collected fstah coa
water within a onaneter depth. Near shore was chosen as a location for sampling in this study
because it was expected to contain a larger number of yeasts compared with off shore sites
(Kutty and Philip, 2008, Ahearn et al., 1968)d to have a higingossibility of obtaining

marine yeasts with potential characteristics for industrial application. Most reported marine
yeast isolation methods were carried out using fresh samples, e.g. usually within 2 days of

sampling, to avoid the reduction of yeasti aumber in the samplgell et al., 2011, Wang et
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al., 2008) This limited the potential of finding novel yeast strains from marine samples out of

the local area as well as studies requiring samples from diverse marine habitats. The new
isolation protool reported in this study successfully overcame this limiting factor and
maintained a high number and variety of yeast strains. It has been reported that filamentous
fungi are present in high numbers in samples taken near the(Bkdret al., 2011)This was
confirmed by the results obtained in this study, since filamentous fungal colonies were observed
IURP RXW RI PDULQH VDPSOHV ZKHQ .XWW\YfV PHWKR
' LFNHUKDPTV \HDVW PHGLXP <0 PHGL X Pble farkno&ldkgiowthD U L F |
as well as for yeasts (Zaky et al., 2016). There was no yeast, bacterial or fungal growth when
'LQHVKTV PHW KfBrGoAibN. TXig M&s probably due to the small volume of the
VDPSOHYV P/ UHFRPPHQGHG EWwaVaskhe sagmplaskding et MWwWaR G D
reported that near shore seawater samples only contdi@dQlD yeast cells per lit{&utty and

Philip, 2008, Fell, 2001)Therefore, 1 mL of the sample may not contain any yeast cells for

isolation.

The fact thabur new isolation method generated a large number of pure yeast colonies from
relatively old samples was mainly because of the 3 enrichment cycles. Generally, flamentous
fungi propagate slower than yeasts. The incubation period in fermentations usirenfdas

fungi is generally & dayswhilst foryeasts it is normally-2 dayg(Cavka and Jo'nsson, 2014,

Nasr et al., 2010)n the new marine yeast isolation method, theauturing time was selected

to be 2 days so that moulds did not have enoughttinigcrease their number. So, when the
enriched culture was used to inoculate the next enrichment cycle, the number of moulds was
reduced. Throughout the 3 cycles of enrichment step, the reproduction of filamentous fungi was

inhibited, while a rapid yeagrowth was maintained.

In our new isolation method, 3D was used for the cell growth, which is higher than the normal
temperature of seawater. This was due to the following considexa@)80°C istheprefered
temperaturdor the industrial applicain of the potential isolated yeasksgher temperature
correlates with daster fermentation process and therefugher productivity; (b)t has been
GHPRQVWUDWHG WKDW DOWKRXJK PDULQH \HDVW VWUDL
optimum gowth temperature could be higher. Kutty (2009) studied the effect of temperature

on the growth of marine yeasts obtained from slope sediments of Arabian Sea at different depths
(up to 100 m), where the temperatures range betweefh68C. It was concludethat the

maximum growth was observed at 30U almost all isolategKutty, 2009)
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Il Conclusion

Two methods for rarine yeast isolation wetested on the marine samples collected for this
study but no yeast isolates were obtainéehce, an efficient ancekctive method for marine
yeast isolatiowasdevelopedThenew method includes:-8ycle enrichment step followed by
isolation step and confirmation step. By applying this method on marine sampéege
number of marine yeast isolates were obtainethoumt any bacterial ofilamentousfungal
growth. 116 marine yeast isolates were selected for further investigatioese isolates were
selected to represent different sample sources, different isolation media, and different cell and
colony morphologyThe new method for marine yeast isolation wasilgaadaptedo either

liquid or solid marine samples. This method toek(Bdays to obtain a large number of pure
yeast isolates. It was successfully applied to samples up to 3 weeks old so fresh sampies are
necessary. This methodology allows for the isolation of yeasts that are present at very low

numbers in the original sample.
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CHAPTER 5:

5. Evaluation and identification of novel marine yeasts

Bl Introduction

New yeast isolates should be evaluated for fhetiential importance for industrial applications.
Sugar utilisation and tolerance to inhibitory compounds are important criteria for industrial
fermentations, especially for biofuel fermentation. Phenotypic microarray analysis of
fermentable monomeric sugahas revealed to be a suitable technique for screening yeast
isolate for bioethanol fermentations using hydrolysates derived from lignocellulosic materials
(Greetham et al., 2014)

Yeast isolates were identified according to a number of different criseicd as cell
morphology (e.g., spore shape and mode of cell division), immunology, physiology (e.g., sugar
fermentation). Currently, there are many commercial yeast identification kits (e.g., API
bioMerieux andioLog YT MicroPlate) which are based onagt growth and cell metabolism.
However, use of molecular techniques e.g., amplified fragment length polymorphism (AFLP)
of Domains 1 and 2 (D1/D2) and the internal transcribed spaceri§lb8ng increasingly used

to categorise new speci@aincus et aJ 2007)

The improvement of D1/D2 and ITS database in GenB&@#nBank)allows laboratories
around the world to easily and accurately identify more yeast species. Furthermore,
phylogenetic analysis of the gene sequences is leading to a major modifichty@ast

systematics tha