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CHAPTER |
INTRODUCTION

Green microalgae including Chlorella spp., Desmodesmus spp., and
Scenedesmus spp. are primary producers in the aquatic ecological systems.
Deleterious effects on the primary producers undoubtedly lead to harmful effects on the
consumers including human along the food chains. In addition, these microalgae have
been found to be microorganisms for the preduetion of useful products at laboratory
scale which, with further research, could potentially be scaled-up to pilot and industrial
scales. The best known.green .algae that have been commercially produced as
supplementary food are_freshwater Ch/olllre//a spp. while the best known marine green
alga commercially used jor the produoti'oﬁ of B-carotene is Dunaliella salina. Mass
cullivation of these microalgag began: in _'595,05 in USA, Japan, and Israel (Masojédek
and Torzillo, 2008; Schiipaligs, 1991). It h'fg*_})s. been 50 years since the beginning of the
mass cultivation of micro green ralgae '-'_'.fgr_. supplementary food, feed, and some
biologically-active compounds SUch a5 B—C@%éhe . According to Borowitzka (1999)

there are several problems facing the commercialization of green algae. The problems

range from the alg‘al_-:;‘ slow_growth_rates_to_the r‘mf—PﬁfI,ective design of illuminated
fermenters for Closed‘i‘ndoor cultivation and the efficiency of outdoor cultivation in open
ponds.

In the following reseéarch) 5istrains «edch, of (Chlorellayspp., Desmodesmus spp.,
and Scenedesmus spp. were chosen as oxygenic photosynthetic micro-organisms for
selection, of ffast=growing -and=mesophilic ©rheat-tolerantsstrains~forgfurther basic and
applied research on mechanisms for rapid cell division and heat tolerance which will
pave the way for strain improvement through molecular biology manipulations including
development of reporter gene, gene transformation by electroporation , and particle gun
bombardment.

The aim of this research is to obtain an overall result on the growth
characteristics at 25°C, 28°C - 32°C in a greenhouse, and 28°C-32°C for 16h in a

greenhouse alternated with 8 h incubation at 40°C in a temperature-controlled water



2
bath placed in the greenhouse. RAPD-PCR fingerprints of all the 15 strains, SDS-PAGE

protein profiles of these algae grown at 28°C - 32°C alternated with 40°C, as well as the
algal existing B-carotene contents will be determined. The ultimate aim of the research
is a compilation of growth characteristics, SDS-PAGE profiles of the green algae grown
at 28°C-32°C, and at 28°C-32°C /40°C as well as their existing B-carotene contents to
determine if it is possible to explain the mechanisms for rapid cell division and heat

tolerance by means of the above-mentioned properties. Rapid growth rates of the green

microalgae lead to reduction in ti stment costs for cost-effective industrial

applications. Heat toleran igh temperature under the global

obtained will be used to either
rOVE '3. transfer of the spiny forms of
) \\ aI., 1999).

warming phenomenon.
support or argue against

Scenedesmus spp. to a
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CHAPTER II

LITERATURE SURVEY

2.1 Records of Chlorella spp., Desmodesmus spp., and Scenedesmus spp. in Thailand
for genetic conservation and industrial applications

Table 2.1 showed unpublished records of Chlorella spp., Desmodesmus spp.,
and Scenedesmus spp. found in Thailand.+ Ihe records were a small part of the
unpublished compilation of Algae in Thailand - which was an initiative of the Ministry of
Natural Resources and Environment andiwere compiled by a group of Thai phycologists
in 2009. Part of the recefds oonsistéld of surveys of the three genera of green
microalgae mainly condugted: by gradﬁgt@ students at the Department of Biology,
Chiangmai University,#under the»_lsuDerv‘ll'éiqn of Dr Yuwadee Peerapornpisal. The
records are presentedsin jthis thesis fér_ ’public and academic uses in genetic
conservation and industrial applicétibns. ( * .

ald o 1

All of the species recorded in Table 2.1 ,;_\Q/,ere identified by morphology. With the

advent of molecular techniques _iripluding ‘_EARI_D_—PCR fingerprinting where only one

arbitrary primer is usé:‘_d in the ampilification of target DNA{ (Williams et al., 1990), and

multi-locus sequenc:rmjanalysis of genes and intergenic spacer regions such as the
ITS-2 region which lies-between the 5.85 rDNA and 26S+DNA in the rrn operon, many
taxonomic changes have, been _proposed, In"1999, An et al., constructed a consensus
unrooted phylogeneticitree“with! three! methods' for' phylogenetic tree construction
namely , the maximum likelihood method, the maximum parsimony method, and the
neighbor-joining Imethod (as shawnl insFigure 2.1 ta show thati'the.'spiny forms of

Scenedesmus spp. were clearly separated from the non-spiny forms of Scenedesmus

spp.
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Figure 2.1 Consensu; tinrooted phylogenetic tree obtained from ITS-2 sequences of
Scenedesmus and Scéhedesmus—like taxa using three awylogenetic tree construction
methods: the maximum' likeliheod method;-the 'maximum?parsimony method, and the
neighbor-joiningimethod. Bootstrap values were computed for 500 resamplings using
the neighborjoining and theymaximum parsimony methodsi(Anet ahy, 1999).

The core ITS-2 sequences for taxa of Scenedesmus and
Acutodesmus/Scenedesmus clusters shown in Figure 2.1 were superimposed on the

secondary structure of S. acuminatus strain Hegewald 1986-2 as shown in Figure 2.2.
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Figure 2.2 e I‘ﬁ - o ; 31!1 of=+ Scenedesmus  and
Acutodesmus/@(ryﬂus omzjj:f:;irﬂggje 2.1ﬂxe§ superimposed on the
secondary re.of S. acumi ¢ rain, He 5 - T:éﬁ re 4 stem-and-
loop re oﬁﬁ. aﬁﬁﬁnﬁlﬂj&j ﬁ:g-li’(]‘ Ieg/jdes with small
arrows indicating every 10 nucleotides. Nucleotides with black background indicated
the 26 positions that distinguished the Desmodesmus and Acutodesmus/Scenedesmus
clusters in Figure 2.1. The universally conserved pyrimidine-pyrimidine juxtaposition in

stem-and-loop Il and the universally conserved GGU near the apex of stem-and-loop Il

were boxed (An et al., 1999).
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In addition to the phylogenetic tree and the secondary structure of the core ITS-
2 structure as shown in Figures 2.1 and 2.2 respectively, An et al. (1999) also reported
that most species of Desmodesmus had one or several spines on each cell while such
structures were absent in Scenedesmus. In some Scenedesmus spp. rib-like wall
structures which might be formed by the hemicellulosic cell wal layers were observed.
From the combined results of ITS-2 sequences and morphology (presence of absence
of spines and rib-like wall structures), An et al. (1999) proposed that spiny forms of
Scenedesmus spp. be transferred 1o a new genus Desmodesmus. However, this new
genus is still not unanimously. accepted by-phycoelegists (John et al., 2002). For the
completeness of the records of Scenedesmus Spp.in Thailand, Dr Kanjana Chansa-
ngavej had added in Tables21.Desmodesmus spp. for spiny forms of Scenedesmus
spp. as well as the algal synonyms as fouy'nd in the Algaebase at www.algaebase.org
Other taxonomic ghanges that have been made with the advent of molecular
biology techniques are the identification T'f:)f ‘microorganisms by polyphasic taxonomy
which  employs morphologica_ll, : biocﬁ‘gmj_cal, physiological, and molecular
characteristics in the identiﬂcationnélrocessl:;?_n-d the concept of cryptic species which
refer to species which are phenotypically si@ﬁbut genotypically different. So far there
is only one research paper on-polyphasic té'y;_o'do-my of the green microalgae Chlorella

spp., Desmodesmus{SLenedesmus spp.,and _Scenedesmus spp. in Thailand

(Sawangdee et. al.,‘QOOY). The paper highlighted previoﬁs findings by Muller et al.
(2005), Lewis and Flechtner (2004), and Vanormalingen et al. (2007) that there were
cryptic specieszin (Chlarella“vulgaris, |Scenedesmus spp:,“@nd=Desmodesmus costato-
granulatus, respectively.

Table 2.1 Unpublished .ecompilation pof nChlorella sppa 1Desmodesmus spp. and
Scenedesmus spp. found'in Thailand. The records were asmall part of the compilation
of Algae in Thailand which was an initiative of the Ministry of Natural Resources and

Environment.

Division/Class/Order/Family Scientific name Locality Bibliography

Chlorella ellipsoidea hi Mai 1
Class Trebouxiophyceae 1psol Chiang Mai Somdee (1998),

Order Chlorellales Gerneck (Syn.= Chiorella Mulsin (1999),

Family Chlorellaceae saccharophila var. Sompong (2001)




ellipsoidea (Gerneck) Fott et

Novakova)

Chlorella vulgaris Beijerinck
(Syn.= Chlorella
pyrenoidosa var. duplex
(Kutzing) West ,

Pleurococcus beijerinckii

Artari,

..\\ f// /

-m.m. //a Q mm

o "
?US, dg-l..l

Chiang Mai,

Lop Buri,

Pathum Thani,

Phra Nakhon

Sri Ayutthaya,

Somdee (1998),
Mulsin (1999),
Ariyadej et al.

(2004), Pongswat

et al. (2004), TISTR

/br J@ 9e ;

Division/CIass/Ord

Family Scenedesmac

-~

AUL?
ARIAATUTTAIIY

Scenedesmus acuminatus
. s B
RN
e slac

var. elongatus G.M. Smith)

Yala (2009)
Bangkok TISTR (2009)
Bibliography
Bangkok, Mulsin (1997),
ﬂﬁg Mai, Somdee (1998),
hon Buri, Pooarlai (1999),
Khon Kaen, Kiatpradub (2003),

Ehodegy ¢!

Prommana (2006),

Nakhon Sri Thonkamdee
Thammarat (2007), TISTR
(2009)
Scenedesmus acuminatus Bangkok, TISTR (2009),

(Lagerheim) Chodat var.

acuminatus

Pathum Thani,

Phang-Nga,

Phuket, Krabi,

Pongswat et al.

(2004)




Ranong
Scenedesmus acutus Bangkok, Ariyadej et al.
Meyen (Syn.= Nakhon (2004), TISTR
Scenedesmus crassus Pathom, (2009)
Chodat, Scenedesmus Nonthaburi,
dimorphus f. granulatus Yala
Isabella et R.J. Patel.,
Scenedesmus
Nakhon TISTR (2009)
Pathom,
| Pathum Thani,
\ N Trat
\‘ Yala Ariyadej et al.
_ (2004)
s Chiang Mai, TISTR (2009)
Lampang,
Surat Thani
West et G.S. West
TISTR (2009),

AUE TNy
ARSI

platydiscus (G.M. smith)
Chodat

ﬂjakhon
Sawan,

Nonthabs|

Bl £

Scenedesmus armatus var.
longispina (Chodat)
E.Hegewald

Chonburi

Ekchai (1997)

Scenedesmus bernardii

Bangkok,

Wongshomphu
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G.M. Smith (Syn.=

Chonburi, Lop

(1996), TISTR

AUYINBNTNY"

var. minor G.M. Smith

Krabi,

ampang,

Lop Buri,

Nonthaburi,

n&ﬁ&amut
rakan, Satul,

Tak, Yala'
o]

Scenedesmus acuminatus Buri (2009)
var. bernardii (G.M. Smith)
Dedusenko
Scenedesmus brasiliensis Krabi, Khon
Bohlin (Basionym of Kaen, Nakhon
Desmodesmus brasiliensis Sri
(Bohlin) E.Hegewald Thammarat,
7 Phang-Nga,
Phuket,
Ranong, Satul
Chiang Mai, Paweenawat
Chonburi, (1987)
Phitsanulok, Wongshomphu
Trat (1996)
" Bangkok, Ariyadej et al.
Chaiyaphum, (2004), TISTR
Chiang Mai, (2009)
Khon Kaen,

e E

Ratchasima

Panuvanitchakorn

(2003)

Scenedesmus acuminatus

var. tetradesmoides Smith

Chiang Mai,

Sakon Nakorn

Prommana (2006)

Scenedesmus armatus
Chodat (Syn.=

Scenedsemus columnatus

Hortobagyi, Scenedesmus

Bangkok,
Chiang Mai,
Khon Kaen,

Krabi, Nakorn

Kraibut (1996),
Somdee (1998),
Pooarlai (1999),

Panuvanitchakorn
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helveticus Chodat Ratchasima, (2003), Pongswat
Nonthaburi, et al. (2004), TISTR
Pathum Thani, (2009)
Udon Thani
Scenedesmus bicaudatus Chiang Mai, Wongshomphu
Dedusenko Chonburi, (1996), Prommana
Khon Kaen (2006),
Thonkamdee
(2007)
)s Chiang Mai, Wongshomphu
er n o Chonburi, (1996), Mulsin

Khon Kaen,

Nakorn

| Ratchasima,

(1997), Chorum
(1998), Somdee
(1998), Pooarlai

4=
g Phayao (1999), Pekkoh
e 2 (2002), Kiatpradub
22
,zz_.;.:"' (2003),
“;“*J'J Panuvanitchakorn
AN
i }*-_,_TJ., (2003), Seekhao
ng (2006), Prommana
(2006), Chompusri
(2006),
m Prommana (2006),
Scenedesmus communis Chiang Mai, Pooarlai (1999),

RA4N

iy ihi[Ig

‘izuadﬁaudaﬁrgi]n)’ﬂj v
(Basionym of
Desmodesmus communis

(E.Hegewald) E.Hegewald

ﬂﬁﬁKaen
YINE

Dhitisudh (2006)

Lagerheim (Basionym of

Chiang Rai,

Scenedesmus bicaudatus Chiang Mai Prommana (2006)
Dedusenko
Scenedesmus denticulatus Chiang Mai, Waiyaka (1996)




1"

Desmodesmus denticulatus Lop Buri

(Lagerheim) An, Friedl et E.

Buri

IC]UUS var.
| i,, olf w,‘

|rg“cen

Hegewald

Scenedesmus dimorphus Bangkok, Wongshomphu
(Turpin) Lagerheim (Syn.= Chiang Mai, (1996), Pooarlai
Scenedesmus acutus Chonburi, (1999), Dhitisudh
Meyen, Scenedesmus Lampang, (2006), Seekhao
antennatus Bréb Lamphun, Lop | (2006), Chompusri

(2006)

\\ ‘ Bangkok,

Somdee (1998)

Chiang Mai
Bangkok, Ariyadej et al.
Lampang, (2004)
£ Yala
i, |
I~ Scenedesmus indicus \'* honburi Wongshomphu
a 'n (1996)
11|
Scenedesmus obliquus Bangkok, Wongshomphu
¢ o L. 7 .
ﬂ u 8 fg wrﬂ m\? ﬂa ~ ,ﬁjbun, (1996), TISTR
, ‘ Kalasin, (2009)
U
Scenddesmus bijugai=s, Lampangy’
A WTANT pblddidA=ld V] B B
chlorelloides Chodat,
Scenedesmus

dactylococcoides Chodat

Scenedesmus opoliensis Bangkok,
Richter (Syn.= Chiang Mai,
Scenedesmus opoliensis Nakorn
var. setosus Dedusenko Ratchasima,

Pooarlai (1999),
Kunpradid (2000),
Panuvanitchakorn

(2003), Poonsuwan
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Pathum Thani

(2005), Dhitisudh
(2006), Kraibut
(2006), Pongswat
et al. (2004)

Scenedesmus perforatus

Lemmermann

Chiang Mai,
Krabi, Nakhon
Sri
Thammarat,

Satul

Pooarlai (1999)

o N
) GE Bré

Bangkok,
Chiang Mai,

Khon Kean,
Lop Buri,
Nakhon
Pathom,
Nonthaburi,

- Samut Prakan,
Satul, Trat,

Ubon

Ratchathani

Kunpradid (2000),
Dhitisudh (2006),
TISTR (2009)

(Lemmermann)

e e S perio

Lemm&rmann var.

QW']Mﬂ‘i@M&IMTW

iang Mai,

-
\ ‘ hon Buri

Sompong (1998),
Kiatpradub (2003)

%, Satul
YIRE

Prommana (2002)

Krabi, Lop

Scenedesmus quadrispina Chiang Mai Seekhao (2006)
Chodat

Scenedesmus pannonicus Chiang Mai Vijaranakorn
Hortob var. pannonicu (2003)
Scenedesmus javanenesis Chiang Mai, Pekthong (1998),
Chodat Khon Kaen, Somdee (1998),

Pooarlai (1999)
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Buri, Phang-
Nga, Phuket,
Ranong, Udon
Thani
Scenedesmus incus Phillip Chiang Mai Pooarlai (1999)
Scenedesmus smithii Chiang Mai, Seekhao (2006)
Teiling Lop Buri,
Udon Thani
Scenet ‘V o/ spinosus Khon Kaen, TISTR (2009)
C :\- /} Nonthaburi
\.Scenedesfus "“—
2.; laculeola
7
]
] \‘ Pathum Thani TISTR (2009)

Chiang Mai,

Panuvanitchakorn

‘Nakorn (2003)
=‘l’-‘ .
tcha3|ma
) Scenedesmus ovalternus Bangkok, Pooarlai (1999),
¢ a v/
ﬂ u ﬂ /J ﬂ(ﬂnzﬁ 8 ' ﬂwﬁ Mai, TISTR (2009),
Syn.=Scened bi
Y
obtuss Meyen = s
hia i Dhitisudh (2006)

et G.S. West) Chodat

Scenedesmus obtuiuscalus Chiang Mai

Chodat

Pooarlai (1999)

Scenedesmus opoliensis P. Chiang Mai

Richt var. mononesis

Chompusri (2006)

Scenedesmus pretervisus Nakhon

Chodat Pathom

TISTR (2009)
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Scenedesmus tropicus Chiang Mai, Pooarlai (1999),
Crow (Basionym of Nakhon Chittapalapong et
Desmodesmus tropicus Sawan al. (2008)

(Crow) E.Hegewald

Scenedesmus clathratus Chiang Mai Dhitisudh (2006)

(Biswas) comb. Nov.

Scenedesmus longispina Chiang Mai Pooarlai (1999)
Chodat (Basionym of
Desmodesmus armatus

var. longispina (Chedat)

E-Hegewald

Seenedesmus perisiensis Chiang Mai Waiyaka (1996),
Chodat '. Pooarlai (1999)
Sceneo’esnI?us intermedius Chiang Mai, Waiyaka (1996),
ghatiat (Ba'slc;Hym of Phang-Nga, | Kraibut (1996),
Desmoélesm"s,/s intermedius Ranong

(Chodat) E.Hegewald

7
vl
2.2 Heat shock proteins :

#4334
—

Heat shock proteins aré aset of FQteins some of which are constitutively

=i

expressed when cellsyare grown under normal physiolegical temperatures. However,

upon transferring cells'to a relatively higher temperature,{'_or under heat shock, these
proteins are increased. in quantity in order for cells to deal with the temperature stress
conditions.  Gene expression for other heat shock proteins are induced upon heat
shock (Narberhaus, 2002).

The first category of heat shock proteins=which are constitutively expressed
when cells are gnown under normal physiological temperatures but,increased in quantity
upon heat shock are molecular chaperones which assist in protein folding (Hartl, 1996;
Narberhaus, 2002). Molecular chaperones are cellular proteins with central hollow
sphere where protein folding takes place. There are many kinds of molecular
chaperones, some of which include GroESL (Figure 2.3) which contains a central hollow

sphere where proteins are folded as shown in Figure 2.4.
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Association of
GroES and ATP

14ATP

Peptide enters

14ADP 4&

Folding cycie
refieated until folding

ATP hydrolysis

Properly folded protein
is released into the cytosol.

Native protein

Figure 2.4 Diagramatic representation of protein folding in GroESL which requires

energy from hydrolysis of ATP (Voet and Voet, 1995).
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Literature survey conducted for this thesis has found no report on GroESL in
Chlorella spp., Desmodesmus spp., and Scenedesmus spp. However, in 2009 Balczun
et al. reported the presence of chloroplast heat shock protein Cpn60 in the green
microalga Chlamydomonas reinhardtii.

The second kind of molecular chaperones is called small heat shock proteins
(sHSPs) whose function is to bind unfolding intermediates or partially denatured
proteins, upon heat shock, to prevent aggregate formation. When heat is removed from
the system, the molecular chaperones dissociate from the partially denatured proteins
to enable the proteins to be folded into aciive’ conformation in GroESL. This type of
molecular chaperones whieh;in'some orﬁanisms, isfinduced upon heat shock is known
as small heat shock proteins«(€HSP) which have molecular weight in the range of 12-43
kDa (Narberhaus, 2002).#Small heat shvbck proteins are also oligomers with a central
hollow sphere. The first small heatfshocﬁk’-brotein that was crystallized was obtained
from the bacterium Methanococcus.jannas_éhh_} (Kimetal., 1998).

The second categonry of r_jeat shoéj(ﬂpar_oteins are ATP dependent intracellular
proteases which are encoded by the clp ggn_e family (Clark, 1999). This category of

heat shock proteins perform two-functions ‘as molecular chaperones and proteases.

ClpP is a double ring tetra-decameric pr@feéée whose active site lies in the inner

surface of the ring—like;islucture. ClpA or ClpX'is a hexamerie ATPase which associates

with the apical domain-of ClpP (Beuron et al, 1998; Gribtj}lw et al., 2005). Since each
ClpP ring consists of 7 subunits and both ClpA and ClpX consist of 6 subunits, the
association of f/CIpAR or] ClpXP/results finca fgate? lat“theyapex of CIpAP or ClpXP
complex. Thus, the only way for a partially unfolded or a partially denatured polypeptide
to get to, thesinnerssurfacesof=thescomplex is to be unfolded=and, thread through the
“gate” to-be digested in'the inner chamber of the CIpAP or ClpXP complex (Wang et al.,
1997). The ClpXP protease is substrate specific, since it degrades casein (known to be
degraded by CIpAP) and DnaK slowly or not at all. These results suggest that ClpX
protein directs ClpP protease to specific substrates (Wojtkowiak et al., 1993). Literature
survey conducted for this thesis has found no report on Clp proteins in Chlorella spp.,
Desmodesmus spp., and Scenedesmus spp. However, in 2005 Majeran et al. reported

Chlamydomonas reinhardtii contained chloroplast ClpP complex with an unusual high
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molecular mass (approximately 540 kDa which is about 200 kDa higher than ClpP
complexes in higher plant chloroplasts, mitochondria or bacteria.

2.3 Synthesis of [3 carotene in green microalgae

B carotene is a member of the carotenoid pigments which are made up of 5-
membered carbon isoprenoid (IPP) units. In 1966, Schwender et al. labeled
Scenedesmus obliquus culture with [1-13C]g|uoose and followed the fate of the

radioactive carbon in the synthesis of isoprenoid units. The researchers proposed the

pathway for isoprenoid synthesis in:S %,f/us obliquus as shown in Figure 2.5 .

OCH,
(0]

HO
*3 OH
TPP (o] oP
1-deoxyxylulose-5-P

- OPP

IPP

Figure 2.5 Blosynthes1s of isoprenoid ( IPP from pyruvate and glyceraldehyde-

3phosphate del lﬁ966
Accorﬂ ﬁglr:seon emiﬂvﬂarotene syntheS|s in microalgae
proce Qﬁ ﬁg geranylgeranyl
yropﬁymg fj ﬁjﬂi gjwj ﬁﬁjﬁ EJ te combine to
form phytoene which is desaturated to lycopene and cyclicized to form [3 carotene as

shown in Figure 2.6.
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gae proceeds through the joining of 4
. . . Frdns = 2k :
isoprenoid units to form the 20-carbon ger geranyl pyrophosphate (GGPP). Two

molecules of gera bine to form phytoene which is

desaturated to lycop .’, —————————————————————— ' "": Fonseon et al., 2003).

q

In HPLC determln.atlon of B carotene trans- 3- apo-8-carotenal is often used as

an internal staﬂwrﬂ f}x‘w ﬁ)ﬂ ‘@ewgﬂfﬁromne trans- [J- apo-

8- carotenal are‘shown below:

’Q‘WWMﬂ‘iﬂJ 1IN Y

e e e e e e e

[ carotene Trans-3-apo-8-carotenal

.0



CHAPTER IlI

MATERIALS AND METHODS

3.1 Microalgal strains

Out of the 15 green microalgal strains used in this research, 9 strains were
previously recorded and 6 strains were newly isolated by the author in January 2006.
Surface-water samples collected were centrifugedrat 3,000 rpm for 5 mins, The green
microalgal strains were isolated and pt'frified on petri dishes containing Bold’s Basal
Agar (BBM) medium incubated at25°C u“nder continuous light intensity of approximately
3,000 lux. Details of the.isolaiion sites vt#ere outlined in Table 3.1.  All the 15 strains
were stored in BBM slantsfat 4°G" with sdbéulturing every 6 months. All newly-isolated
strains were deposited for public:aczzes%wiih the Culture Collection of the Thailand
Institute for Scientific and Technplo_gical ﬁ{@§qaroh (TISTR) with the TISTR accession

numbers as given in Table’3.2. /N

Table 3.1 Isolation sites of the néWIy‘—isolate@E;én microalgal strains.

Genus _ -~ A solation Sites:

Chlorella sp. strain PKigi—A—pgnd—next—te—the football field at Kasetsart

University, Bangkheri‘ E:ampus

Chlorella sp. strain PK30 Soil in Nam Muap stdistrict, , Nan province

Chilorella sp. strain"PK37 A% pond nexti'to” ther football field at Kasetsart

University, Bangkhen campus

Chilorellaisp ! strain’PK38 Saillin'Na'Cueang subdistrict, Nan province
Desmodésmus sp. strain TAOO8 A road side canel on Rama Il road
Scenedesmus sp. strain PK25 A channel that carries water away from the milk

processing plant at Kasetsart University,

Bangkhen campus

Scenedesmus sp. strain PK92 A pond next to the football field at Kasetsart

University, Bangkhen campus




Table 3.2 Green microalgal strains used in this study.
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Genus Strains TISTR accession | References
numbers
Chlorella PK10 TISTR 8270 This study
PK30 TISTR 8269 This study
PK37 TISTR 8271 This study
PK38 TISTR 8272 This study
SS1 TISIR 8877 Sawaengdee, 2006
Desmodesmus NJ14 TISTR'8863 Jamkangwan, 2004
NJ23 TISTR-8864 Jamkangwan, 2004
NJ40 TISTR 8865 Jamkangwan, 2004
NJ45 TISTR 8866 Jamkangwan, 2004
TAO08 i TISTR 8275 Klinkumouan, 2005
Scenedesmus PK25 | JISTR 8273 This study
PK92 . TISTR 8274 This study
sS4 L TISTR 8879 Sawaengdee, 2006
SS5 I TISTR 8880 Sawaengdee, 2006
-NJ42 TISTR 8860 Jamkangwan, 2004

3.2 Observation of cells under light microscope

Cells of8ach|strain"were grown in 8:mi BBM jmeditm«at 25°C in an illuminated

growth chamberwith continuous light intensity of approximately 3,000 lux for 3, 6, 9 and
12 days, before, observing, the seelispunder Aight, mieroscope #Niken OPTIPHOT-2)
equipped with a camera’ (Nikon FDX-35).

3.3 Scanning electron microscope of Desmodesmus spp. and Scenedesmus spp.

Cells of each strain of Desmodesmus spp. and Scenedesmus spp. were
streaked on petri dishes containing BBM, incubated at 25°C in an illuminated growth
chamber with approximately 3,000 lux continuous light intensity for 7-10 days. Cells
were fixed for observation with a scanning electron microscope (JOEL, JSM 5410LV) at

the Research and Equipment Center at Chulalongkorn University. Cells washed with 0.1



21
M phosphate buffer, pH 7.2, were filtered on 0.45 um cellulose membrane and fixed
with 2.5% Glutaraldehyde in 0.1 M phosphate buffer, pH 7.2, for one hour. Fixed cells
were washed twice with 0.1 M phosphate buffer, pH 7.2. The samples were then
gradually dehydrated with 30%, 50%, 70%, 90%, and 100% Ethanol. Samples were
dried with a critical point dyer (Balzers, CPD020) , covered with a thin layer of gold with
an ion sputter (Balzers, CPD020) before observation under the scanning electron
microscope.
3.4 RAPD-PCR fingerprinting

In order to show that the green microalgae used in the experiment were different
strains, RAPD-PCR fingerprinting was cafried outwith CRL-7 as the primer (Mathis and
McMillen, 1996). Sequence«of ihe primer was 5’GCCCGCCGCC3'. There were two
parts in the fingerprinting experiment. \

3.4.1 Chromosomal'DNA jisolation” *

One loop of each microalgal strain?‘rqm BBM slant was streaked into BBM plate
and incubated at 25°Cfor 710 days. Onéaloop from the plate was placed in sterilized
eppendrof tube. Cells were brol;eﬁ Py -\_@Ir_tJe:xing with sterilized acid-washed glass
beads. (Sigma cat, # G1277) in‘_40(.)"pl = budﬁd‘é_g;‘; 10% SDS, 40 seconds, 2 times. Each
homogenate was centrifuged_at 10,000 rpfmT}_lflc_’C, for 10 min. DNA precipitate was
obtained by precipitation with-500"pl'ice"cold ethanol,"left at -80°C for 15 min and spun
down at 12,000 rpm fc;r,10 min. DNA pellet was washed with 70% ethanol, dried in the
air before adding 20 pi-sterilized distilled water. Quality 6f DNA was checked by 1.25%
agarose gel electrophoresis and -OD, ratios ~of, QD /0B, ~by standard methods.
Quantities of DNA were~determined-by using OD,.;~ of 1.00 equals to 50 pg/ml DNA
(Sambrook et al., 1984)

3.4.2 RAPD=PCR fingefprinting

RAPD-PCR fingerprints were obtained with the composition of PCR mixtures as
follows : 10x PCR buffer (with 50 mM MgCl,) 2.0ul, 10 mM dNTPs, 0.2 pl, primer CRL-7
(100 pmole/ul) 0.2 ul, Tag polymerase (5 umi) 0.2 ul, distilled water to 20 ul. PCR
program was as follows : 95°C 15 sec, 55°C 30 sec, 72°C 90 sec, (5 cycles) ; 95°C 15
sec, 60°C 30 sec, 72°C 90 sec (30 cycles) ; 72°C 10min. PCR products were separated
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by 0.8% agarose gel electrophoresis before recording pictures of gels with the Fuji
polaroid film (F3000B) with a camera under UV-transilluminator (Bio-rad).

3.5 Growth at 28°C-32°C and at 28°C—-32°C alternated with 40°C and separation of
proteins by SDS-PAGE

3.5.1 Growth of seed culture

Seed culture of each strain was obtained by incubating one loop of cells in 50 ml
BBM in a 250 ml Erhenmeyer flask, incubated in an incubator shaker at 25°C , 200 rpm,
approximately 3,000 lux continuous light intensity for 21 days. The numbers of days for

growing cells to mid-log phase were determined from the constructed growth curves.

Specific growth rates were determined from growth curves and the following standard

formula: N, = NoeHt
when N, = colonyformingunit (pFU.mI'W) at time t
N, = ifftial @FUmi’/ -

0 -
L = spécifig'ggowth rate (drayj)
T = incubation time (days){-_ |
Duncan’s multiple range stest vvés fcarriec-ji::;)t;:t with - SPSS program version 15.0 for
Windows. _ Jd J,
3.5.2 Growth at 28°C-32°C_and 28°C-82°C alternated with 40°C
Equal numberrof cells (5-.5x106 CFU/rJnI») \;vere inocularted in 150 ml BBM medium
in each 500 ml Erhenrﬁéyer flask. The flasks were inoubatéd*in a temperature- controlled
greenhouse at 28°C —-32°C or at 28°C — 32°C for 16 h alternated with incubation in a
40°C temperature-controlfeéwaterbath for 8. throughout the experiments. One ml of
each cell culture was lobtaifhed on.a daily interval.for platingfand counting of colony
forming units (CFU). Growth curve$ were constragted to obtain the numbers of days

needed to grow cells to.mid-log phaserfor use in the isolation of proteins for SDS-PAGE
as described in the following section.

3.5.3 Separation of proteins by SDS-PAGE

Cells of each strain were grown at 28°C-32°C or 25°C-32°C for 16 h alternated
with 40°C for 8 h throughout the experiments as described in section 3.5.2. Mid-log
phase cells were broken by vortexing with glass beads (Sigma cat.# G1277) for 40

seconds 10 times in a cold room. Soluble proteins were obtained by centrifugation in a
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refrigerated microcentrifuge (Eppendorf) at 13,000 rpm, 4°C, for 30 min.
Concentrations of soluble proteins were determined by Bradford method (Bradford,
1996) with 0.1 ml sample volume and 5 ml of Bradford reagent (Bio-rad Protein Assay
Reagent). The protein mixture was left standing for 5 min before measurements of
optical density at 595 nm. A standard curve for the determination of protein
concentrations was obtained by using bovine serum albumin (5 mg/ml stock solution)
(Sigma). 5 pg proteins were loaded onto each well in the polyacrylamide gel. Protein
separation with SDS-PAGE was performed with a vertical minigel SDS-PAGE apparatus
(ATTO model AE-6531) by the method of Laemmili (1970) with 12.5% polyacrylamide
separate gel and 4% polyacrylamide stacking gel SDS-PAGE Molecular Weight
standards, low range (Bio-rad) weére used as molecular weight standards according to
the manufacturer's instruetion’” Gels were stained with Silver-stain plus (Bio-rad)
according to the manufactufers instruction.

3.6 Determination of p'carotene contents _d

Y
3.6.1 Growth of seed culture

Growth of seed culture-foﬁ-r the '_%jfgte"rmination of B-carotene contents was

id o
obtained as previously described-in.section 3.5.1,

3.6.2 Growth of cells for.the determirEti_Qqh_ of B-carotene contents

150 ml mid-log phase éeed cultureko>f each strain were added to 1,350 ml of
BBM medium in a 2—H?t£e flask. The flasks were incubated at 25°C in a rotary incubator
shaker at 200 rpm, 25°C, for 21 days. The numbers of days in order to grow cells to mid-
log phase for each green“microalgae strain’ were determined from the constructed
growth curves.! Mid<log.phase cells.were collected by centrifugation at 10,000 rpm, 4°C
10 min. Cells were lyophilized beforefuse in the determination of B-carotene contents.

3.6.3 'Determination of B-caretene’ contents by reversed —phase HPLC

2 ug of the internal standard trans-beta-apo-8'-carotenal (Sigma) were

added to 60 mg of lyophilized cells of each strain in a 30 ml polyallomer centrifuge tube.
Polyallomer centrifuge tubes were used because the material withstands solvents
including ethanol and KOH which were used in the extraction process. Cells were

broken by two methods. In the first method, cell breakage was by a combination of heat

(50°C) and solvents (5 ml Ethanol and 500 pl 60% KOH). Each cell suspension in the
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polyallomer tube was occasionally swirled in a 50°C temperature-controlled waterbath
for 5 min or 10 min in order to determine the optimum time for complete cell extraction.
In the second method, cells were broken by vortexing 30 mg dried cells in an eppendorf
tube with acid-washed glass beads (Sigma cat.# G1277) 40 seconds each time for ten
times. The eppendorf tubes were placed on an ice bath after each vortexing to
dissipate heat. 30 mg lyophilized cells were put in an eppendorf tube for two tubes
which contained a total of 60 mg lyophilized cells. Cell debris after centrifugation at
8,000 rpm, 2500, for 5 min were observed under the light microscope to determine the
extent of cell breakage . The supernatant'was" poured into an aluminium foil-covered
separating funnel. Three ml diethy! ether and three'ml 9% NaCl were added into each
separating funnel which was"shaken on a separating funnel shaker (HSIANGTA) to
extract carotenoids. Thesseparating funknels were left on a stand in the dark fumehood
until the mixture was separated into two léyé'rs of green coloration and yellow coloration.
The bottom green layer of Chlorophyllé wa:%;cqllected and discarded. Three ml 9% NaCl
were added into the yellow layer gnq the eﬁ{tJr.ag'tion was repeated once until the mixture
was separated into yellow CO|OFE§'[_5I9ﬂ and}‘_c_!e'ar solution. The carotenoid layer was
combined in a 125 ml Ehrenmgyer-flask a@;sbme Na,SO, was put into the flask to
absorb water. The B-carotene ‘extract vvaé;é\'/épgrated to dryness by incubating in a

50°C heat block. Oneﬁml of the mobile phase for reversed{bh‘ase HPLC determination of

B-carotene contents (Acetonitrile : Dichloromethane : Methanol 70:20:10,) was added
into the residue before filtration with a 0.45 um filter syringe and injected into the
reversed-phase-HRLC (Waters)s The canditionsifor HRLC, weresas follows : Steel column

Zorbax C., , length 150 mm, [.D. 3.9 mm. Mobile phase : Acetonitrile : Dichloromethane :

18 s
Methanel (£Qy 20 : 40). Flow, rate 0:8 mi/min,detectionawassby eptieal density at 450 nm,
Temperature 25°C. Sample loop volume 20 ul; Injection volume 60 ul;"Run time 10 min.
External standard curves for the determination of B-carotene and trans-beta-apo-8'-
carotenal were obtained with B-carotene and trans-beta-apo-8’-carotenal standards

(Sigma).
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CHAPTER IV
RESULTS
4.1 Cell morphology under light and scanning electron microscopes

Figure 4.1 showed cell morphology under light microscope of 15 strains of green

microalgae used in the experiments. The cells were grown in BBM medium at 25°C

12 days
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Chlorella sp. strain PK30 (

TISTR 8269

)

12 days
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Chlorella sp. strain PK38 (TISTR 8272)

Chlorella sp. strain SS1 (TIST:

-
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Desmodesmus sp. strain NJ14 (TISTR 8863)

Desmodesmus sp. strain NJ
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Desmodesmus sp. strain NJ40 (TISTR 8865)

3 days

9 days

12 days
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Desmodesmus sp. strain TA008 (TISTR 8275)

3 days 6 days

Scenedesmus sp. strain PK25 iR 8

e

e |

9 days 12 days
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Scenedesmus sp. strain PK92 (TISTR 8274)

Scenedesmus sp. strain NJ42

e 111 ™l ] A

9 days 12 days



Scenedesmus sp. strain SS4 (TISTR 8879)
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Chlorella spp. cells are unicellular with one cup-shaped chloroplast containing

a prominent pyrenoid where starch is stored (lkeda and Takeda, 1995). Diameters of
the isolated Chlorella spp. ranged from 10-25 um (strains PK30 and PK38) to 2-5 um
(strains PK10, PK37, and SS1). Two of the newly-isolated Chlorella spp. strains used in
this study were collected from soil samples in soybean cultivation areas in Nam Moup
(strain PK30) and Na Lueang (strain PK38) subdistricts in Wiangsa district, Nan
province. It is noted that the soil Chlorella spp. isolates were two to five times larger in
diameter when compared with the freshwater strains. The finding that the two newly-
isolated soil Chlorella spp. strains were much“larger in diameter than the freshwater
strains may be either a coinecidence or the finding may have further implications of the
distribution and ecology of @hlorelia spp The soil Chlorella spp. strains appeared in
large patches of green celoration /in theL soybean cultivation areas which have been
planted with soybeans in rotation/with rice.as seenin the typical agricultural land in Nan
and Phitsanulok in the northern and the uE;pe,r central parts of Thailand. The relatively
large diameters of the soil Ch/ore//a SPpP. stfalns probably were a result of unintentional
fertilization through residual chem|c_al ferth?rs used in'the fields (Figure 4.2). A larger
scale survey of Chlorella spp. ind agmculturaﬂe‘as as well as in freshwater bodies will
shed light on whether Chlorella-spp.istrains o?atamed from the fertile agricultural land are

in fact relatively Iarger in_diameters _when_compared W4th freshwater Chlorella spp.

species. Large- scale surveys of soil and freshwater Ch/ore//a spp. strains will provide
information on the biodTVersity of Chlorella spp. in Thailand for basic research on cryptic
species of Chlgrella spp.iwhich haye Isimilatphenotypes; bt different genetic materials
(Sawangdee etal., 2007). The biodiversity data will also provide Chlorella spp. strains

for appliedsresearch-onthe-industrial utilization of Chlorellagspp:
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Figure 4.2 Green pat | arga i 2 fLeId atﬁ?u@ng Kok subdistrict, Bang Rakam district,

Phitsanulok province infAugus 2008‘ shoﬁdng agricultural land where soybeans were
v i" ik J}*-i ’F'

planted in rotation with ricé and greer’y patéq“ﬁz;, of Chlorella sp. similar to the patches of
land in Nam Moup and Na ueng subdnstrrdcs {Nlangsa district, Nan province, where

the large Chlorella spp. strams,P,L(,a_O;anq P@@w;e isolated in January 2006.
-1
Diameters (ﬁ_)Chlorella spp. cells were measu,__eb from cells under light

microscope. Cells of Jhlore//a spp. strains PK30 and PK38 were found to have large
average diameters Qf 10425 pm. Average diamete_rs of the othe_r 3 Chlorella strains (2-
5 pym) were foubhvdn';tQ be rhurd:hl'lsringllerr‘ than‘,_trli“cise?()f :C/jy/orel/}a;-spp. strains PK30 and
PK38, v

ARLMIE YT L1l | , ~
Figure 4.3 showed scanning electron micrdgraghs of 4 Desmodesmus strains

and 5 Scenedesmus strains.
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Desmodesmus

NJ14 NJ23 NJ40 NJ45

Scenedesmus

NJ42 SS4 SS5 PK25 PK92

Figure 4.3 SEM micrographs of Desmodesmus spp.@and Scenedesmis'spp.



Table 4.1 Dimensions of Desmodesmus spp. and Scenedesmus spp.

36

Genus Strain Average cell Average cell Average spine
width (um) length (um) length (um)
Desmodesmus NJ14 2.93 8.62 2.10
1.9 8.75
713 2.52
6.70 2.10
Scenedesmus 7.00 No spines
9.82 No spines
L) 13.00 No spines
: f | 8.08 No spines
A ‘ | 15.94 No spines

SEM miorographs of Desmodesmus spp as shown in Figure 4.3 and their sizes

as given in Taﬁ ?oclg 6;1 rﬂ ﬁ(h different lengths and
the spines were| either stralgﬁg NJ ﬂr curved (NJ40 and NJ45). In
additio ’ﬁ/ J23, and NJ40.
Pores ﬂ:ﬂjﬁ q:nr:ngg maﬁbl:: qmzﬁ 4ﬂtraln NJ45 was

found to have relatively spiny cells with short and sharp protuberances. The overall
surface morphology indicated the 4 Desmodesmus spp. were different strains which

could be used in this thesis as 4 representative species of the genus.
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SEM micrographs and sizes of the 5 strains of Scenedesmus spp. as shown

in Figure 4.3 and Table 4.1 revealed interesting findings. Cells of the 5 Scenedesmus
strains were of different sizes with different cell organization and surface topology.
Dimensions of the largest to the smallest strains as shown in Table 4.1 were as follows:
SS5 > 8584 > NJ42 > PK92 > PK25. The 5 strains were found to have different types of
cell surface and cell organization. Strains SS4, SS5, and PK25 were coenobia of 4 cells.
Strain SS5’s surface was slightly reticulated with a middle ridge while strain SS4 cells
were densely reticulated with no mid-ridge: The surface of strain PK25 was covered
with short protuberances. Cells of strain PK92 were arranged alternately. The cell
surface was fairly reticulatedwith no mid-ridge: In"BBM culture, cells of strain NJ42
were sometimes found to_ e unicellular with no organization into 4—celled coenaobia.

The cell surface of strain Nd42 was found to be relatively. smooth.

4.2 RAPD-PCR DBNA fingerpEints of 15 strains of Chlorella spp. |,

4

Desmodesmus spp. and Scehellesmus syl'J'_p.

Figure 4.4¢showed :RAPD-F?F;;_R' DNA fingerprints of the 15 strains of
Chlorella spp., Desmodesmtis spp.-and Scle_h'gfa’esmus spp. used in the experiments.

The results showed the green microalgae Qzl_.d__':di_fferent DNA fingerprints. Therefore,

they were different s,tréins. The results also showed-all moj{p,hologically similar Chlorella

isolates (the large Chfdfe//a strains PK30 and PK38 and the Small Chiorelia strains PK10,
PK37, and SS1) have different RAPD-PCR DNA fingerprints. Therefore, cryptic species
with similar morphologysbut-different, gengtic=compasition, exist.in: Chlorella spp. Results
on morphology of Desmodesmus spp. and Scenedesmus spp as shown in the scanning
electron.micrographs in.Figure.4.3. and. their,, RAPD-PCR DNA.fingerprints as shown in
Figure 4.4°did not reveal ‘any eryptic“species in the 40 Desmodesmus spp. and

Scenedesmus spp. used in the study.
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Chlorella spp. Desmodesmus spp. Scenedesmus spp.

| \l \ 1

o
N
-
Z

NJ40
NJ42
SS4
SS5

Figure 4.4 RAPD-PCR fingerpfints/of the 15 strains of Chlorella spp., Desmodesmus

— =t

spp. and Scenedesmus spp. \ 4
4.3 Growth at 25°C of Chlorella s’p’p.;', 'Desm'b-‘de’s'mus spp. and Scenedesmus spp.
g7 ! )

add 3 K

Figures 4.5 <4.7 howed growth patterns in 50 ml Bold’s Basal Medium

at 25°C under continuous lightsintensity oﬂ‘éﬁzbroximately 3,000 lux of 5 strains of

Chlorella spp., 5 stra‘j_;%]s of Desmodesmus__spp._and-5 si;rains of Scenedesmus spp.

respectively.
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Growth patterns in 50 ml BBM (Chlorella spp.)

10°

108

107

CFU/ml

108

days

10°

4 an'.‘ r
200 rpm, 25°C under co : ' approximately 3,000 lux. Five ml of

fresh BBM medium were . j_; ] S atthe e d of the 10" day incubation.

108

107

CFU/ml

=1 days

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

—— NJ14 —%— NJ23 NJ40 — NJ45 —%— TA008
Figure 4.6 Growth of 5 strains of Desmodesmus spp. in 50 ml Bold’s Basal Medium at
200 rpm, 25°C under continuous light intensity of approximately 3,000 lux. Five ml of
fresh BBM medium were added to the cultures at the end of the 10" day incubation.

Each data point was an average of three replications.
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Growth patterns in 50 ml BBM (Scenedesmus spp.)

10°
— 107
£
)
L
®)
10°
™~
K /
'y
10° 1 \ o B e days
O']2345678“)9101112131415161718192021

-!_r.r-' V e \
—0—/89( —# 585 5 PK25 = "5 PK92 =*— NJ42

Figure 4.7 Growth of 5 st Ins of Scéhedéémus spp. in. 50 ml Bold’s Basal Medium at
200 rpm, 25°C under C(?/nuous ||ght thnsrty of approximately 3,000 lux. Five ml of

fresh BBM medium wer added to the Cu‘rfures at the end of the 10" day incubation.

)

Each data points fwds an av-éjrage of three replications.

F P ==
’ J , iadea e 4 :’f;
The results as shown in Flgures 4. 5q‘7 showed Chlorella sp. strain PK37 had

1=
-nl'a'

the highest growth upito appro><|mate|y 9 X 10 CFU/ml in8 days followed by Chlorella

'f_r JJ

sp. strain PK30 WthWreached 10° CFU/ml in 10 days. Sgeneo’esmus sp. strain PK92
was found to reach approxmately 7X10"CFU/ml in 6 days. The remaining strains of
Chlorella spp., Desmodesmus spp. and Scenedesmus spp. were found to have less
growth. Cells'werefound te reachia maximum of anly 10 GFU/ImI in 8-13 days. Cells
of Desmodesmus sp. strain NJ14 and Scenedesmus sp. strain SS5 were found to have
the least growth which, reached lapproximately 107 CFU/ml in 18 days. The specific
growth rates as shown in Table 4.2 reflected the relative extent of growth as described
above. The results showed that growth (CFU/mI) and specific growth rates at 25°C of
the 10 strains of Desmodesmus spp. and Scenedesmus spp. were in the same range
therefore the growth properties cannot be used to support the transfer of the spiny forms

to the new genus Desmodesmus.
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Table 4.2 Specific growth rates and doubling time of Chlorella spp. , Desmodesmus

spp. and Scenedesmus spp. grown in 50 ml Bold’s Basal Medium at 200 rpm, 25°C
under continuous light intensity of approximately 3,000 lux. The same superscripts
(a,b,c, etc.) indicated no significant differences (p<0.05) as determined by the Duncan’s

multiple range test.

Strains Speol (days'1) Double time (days)

Chlorella spp.

PK10 < 0.348—— 2.0
PK30 / - 05‘3\ 1.3
o~ /{fl \
PK37 ' ;o 4750 1.2
PK38 2 ‘\\ 13
SS1 1.8
Desmodesmus spp:
NJ14 29
NJ23 2.0
NJ40 23
NJ45 2.1
TA008 1.8

UMV~
AW AU NENA Y =
0 Ss4 0.276' 2.5

Since growth in microorganisms is obtained via an increase in cell numbers, the
relatively fast growth rates observed for Chlorella spp. could be explained in terms of
the organization of cells. Chlorella spp. might have more rapid growth rates when

compared with Desmodesmus spp. and Scenedesmus spp because Chlorella cells are
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relatively small (2-25 um in diameter) and unicellular. Cells are not organized into
coenobia as found in Desmodesmus spp. and Scenedesmus spp. Reproduction in
Chlorella spp. is through a formation of autospores inside a mother cell. According to
Agrawal (2007), protoplast inside a Chlorella mother cell divided into 4 to 8 autospores
which were released to grow to the size of vegetative cells of Chlorella. Figure 4.8
showed reproduction in Chlorella sp. strain PK37, Desmodesmus sp. strain TA008, and
Scenedesmus sp. strain SS4. The micrographs showed released autospores in the
Chlorella sp. strain PK37, released ";-a %&Vf; enobia with smaller size in Scenedesmus
sp. strain SS4, and daughter&us /&npty mother cells of Desmodesmus

e — . —

sp. strain TA008. It caw frofn th@hs that it is relatively faster to

swher cells do not have to form

bia.. ce, unicellularity could be used

obtain daughter cells in uni
coenobia before the rele
to explain the relatively | i of relatively high specific growth

rates observed in W e with Desmodesmus spp. and

s UEANENIVIINT. e
Ty

The results showed that, in terms of rapid and good growth for further industrial
applications, unicellular green microalgae Chlorella spp. should be chosen over the
multi-cellular Desmodesmus spp. and Scenedesmus spp. However, with the imminent

global warming phenomenon, another characteristics of the green microalgae to be

considered is the heat tolerance property.
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4.4 Growth at high temperature of Chlorella spp. , Desmodesmus spp. and

Scenedesmus spp.

Figures 4.9 — 4.23 showed growth patterns of 5 strains of Chlorella spp., 5

strains of Desmodesmus spp. and 5 strains of Scenedesmus spp. in 150 ml Bold’s
Basal Medium at 28°C - 32°C in a greenhouse and at 28°C - 32°C alternated with 40°C

for 16/8 h in a 40°C temperature-controlled water bath placed in the greenhouse

Growth patterns in t 28°C- 32@200/40"0 Chlorella PK10

throughout the experiments.

108 ]

107

CFU/ml

10%

I T T T T T days
13 14 15 16 17 18 19 20 21

10°

Figure 4.9 Growth pa ”'@“,,—r——m ‘ in 150 ml BBM at 28°C -
32°C in a greenhous@nd 2 ernatecmvith 40°C in a temperature-

controlled water bath placegkin the greenhouse for 16/8 h throughout the experiments.

Stain P10 ﬂu&t’ﬂbm&lnﬁ V4 bichTohed cutre ot 28°0.32°6

alternated with 40 Cina temgratuﬂ‘e -controlled water bath placed+in the greenhouse

o 168% Ohonk b ol v bl ¥ TV i v

added to the cultures at the end of the 10" day incubation. Each data point was an

average of three replications.
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Growth patterns in 150 ml BBM at 28°C-32°C and 28°C-32°C/40°C Chlorella PK30

107
_ q
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10° ¥ B days
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) | — - . o
Figure 4.10 Growth patterns . rown in 150 ml BBM at 28°C -
32°C in a greenhous ith 40°C in a temperature-
controlled water bath enhouse | throughout the experiments.

Five ml of fresh BBM

incubation. Each data pai

Growth patterns in 1
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AT A e

32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a temperature-
controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.
Five ml of fresh BBM medium were added to the cultures to the cultures at the end of the

10" day incubation. Each data point was an average of three replications.
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Growth patterns in 150 ml BBM at 28°C-32°C and 28°C-32°C/40°C Chlorella PK38

10”
4
£ .
E 10° —a
o 4
10° days
0 1 2 3 4 5.6 7. 2131415161718192021
c-32°C/4o°c
Figure 4.12 Growth patter e//a SP. S .- n PK38 grown in 150 ml BBM at 28°C -

32°C in a greenhouse ated with 40°C in a temperature-

controlled water bath p 16/8 h throughout the experiments.
Five ml of fresh BBM 'u-\ at the end of the 10" day

incubation. Each data point w '., " o of three replications.
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Growth patterns in -32°C/40°C Chlorella SS1

10" —

CFU/m
2
|

10°
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& 28°C-32°C  —4=os°cacuoc O

Flgureﬂ agro t@ \aarﬂ m/th’] ’asw &J '] a) EIBBM at 28°C -
32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a temperature-
controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.
Five ml of fresh BBM medium were added to the cultures at the end of the 10" day

incubation. Each data point was an average of three replications.
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Growth patterns in 150 ml BBM at 28°C-32°C and 28°C-32°/40°C Desmodesmus NJ14
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Figure 4.14 Growth patter odym@ NJ14 grown in 150 ml BBM at
28°C - 32°Cin a gree at | Md with 40°C in a temperature-
controlled water bath placee e, e throughout the experiments.

Five ml of fresh BB s at the end of the 10" day

incubation. Each data

Growth patterns in 150 =]= m 32 °C.and /40°C Desmodesmus NJ23
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q 8 28°C-32°C  —&— 28°-32°740°C
. ¢ . Qs
e N T AT
28°C - 32°Ci :l; nhouse andat" -'32°C alternated wit a temperature-
controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.

Five ml of fresh BBM medium were added to the cultures at the end of the 10" day

incubation. Each data point was an average of three replications.
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Growth patterns in 150 ml BBM at 28°C-32°C and 28°C-32°C/40°C Desmodesmus NJ40
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Figure 4.16 Growth patter NJ40 grown in 150 ml BBM at

28°C-32°Cina greenh(
controlled water bath G

Five ml of fresh BB

d with 40°C in a temperature-
throughout the experiments.
at the end of the 10" day

incubation. Each dataoi Ir‘b > of three F tions.

Growth patterns in 150 ’ ."_" °C anc 2°C/40°C Desmodesmus NJ45
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controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.
Five ml of fresh BBM medium were added to the cultures at the end of the 10" day

incubation. Each data point was an average of three replications.
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Growth patterns in 150 ml BBM at 28°C-32°C and 28°C-32°C/40°C Desmodesmus TA008
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28°C - 32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a temperature-

controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.
Five ml of fresh BBM medium were added to the cultures at the end of the 10" day

incubation. Each data point was an average of three replications.
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Growth patterns in 150 ml BBM at 28°C and 28°C-32°C/40°C Scenedesmus PK92
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Figure 4.20 Growth patte WKQZ grown in 150 ml BBM at
28°C - 32°C in a greenhouse and at 28° 2°C alternated with 40°C in a temperature-

controlled water bath plaged |
Five ml of fresh BBM me

incubation. Each data poin

Growth patterns in 150 Vat 28 and -32°C/40°C Scenedesmus NJ42
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28°C - 32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a temperature-

controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.

Five ml of fresh BBM medium were added to the cultures at the end of the 10" day

incubation. Each data point was an average of three replications.
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Growth patterns in 150 ml BBM at 28°C-32°C and 28°C-32°C/40°C Scenedesmus SS4
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Figure 4.22 Growth patte € , in SS4 grown in 150 ml BBM at
28°C - 32°C in a greenh : 32°C alternated with 40°C in a temperature-

: )  . 8 h throughout the experiments.
Five ml of fresh BBM mg ore added to tr es at the end of the 10" day

incubation. Each data point w raver. of three replications.
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Growth patterns in 150:ml BB a[fga' 32 C and 28°C-82°C/40°C Scenedesmus SS5
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28°C - 32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a temperature-
controlled water bath placed in the greenhouse for 16/8 h throughout the experiments.
Five ml of fresh BBM medium were added to the cultures at the end of the 10" day

incubation. Each data point was an average of three replications.
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The results of growth of the 15 green microalgal strains grown in 150 ml BBM

at 28°C - 32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a
temperature 28°C - 32°C in a greenhouse and at 28°C - 32°C alternated with 40°C in a
temperature controlled water bath placed in the greenhouse for 16/8 h throughout the
experiments as shown in Figures 4.9-4.23 and Table 4.3 showed that Desmodesmus
sp. strain NJ40 and Scenedesmus sp. strains SS4 and SS5 were mildly mesophilic with
relatively high specific growth rates when grown at 28°C - 32°C alternated with 40°C in
a temperature-controlled water bath placed inithe greenhouse for 16/8 h throughout the
experiments when compared with specific growin rates when grown at 28°C - 32°C.
Chlorella spp. strains PK37 and SS1 Weré found 1o be heat — tolerant with higher specific
growth rates when growawat 28°C - 32°C alternated with 40°C in a temperature-
controlled water bath plaeed in the gree)nhouse for 16/8 h throughout the experiments
compared with growth at 28°C:- 32°¢e. tIFi'e following strains were found to have high
specific growth rates when grown-at 28°'@ =:32°C in the following decreasing order:
Desmodesmus sp. strain Nd14:> _.Ch/ore//afé,p.,_strain PK37 > Chlorella sp. strain SS1 >
Chlorella sp. strain PK10 > Desmo'desmdéfsp. strain NJ23 . The results seemed to
indicate that Chlorella spp. strai'r“fs PK37 and:SS'i were the green microalgae of choice
when high productivity of biomass Wwas deéifr'éd" at relativgly high temperature (28°C -
32°C alternated with 4OWSWGQWUS'SD. strain—NJ4O and Scenedesmus sp.
strains SS4 and SSé could be used in comparative siudies of mechanism(s) for
mesophily in Desmodésmus spp. and Sceneo’esmusv spp. The mechanism(s) of
mesophily obtained could bel used 1o either support.or argue against the transfer of the
spiny forms oftwhat used to be named Scenedesmus spp. to the new genus
Desmodesmus. | Fable 4:3 showed specific growth rates when giown at 28°C - 32°C
and at 28°C - 32°C alternated with 40°C in a temperature controlled water bath placed
in the greenhouse for 16/8 h throughout the experiments of the 15 green microalgal

strains which reflected the findings of growth as described above.
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Table 4.3 Specific growth rates and doubling time of 14 strains of Chlorella spp.,

Desmodesmus spp. and Scenedesmus spp. grown in 150 ml Bold’'s Basal Medium at

200 rpm, at 28°C - 32°C and at 28°C - 32°C alternated with 40°C in a temperature

controlled water bath placed in the greenhouse for 16/8 h throughout the experiments

under continuous light intensity of approximately 3,000 lux.

The same superscripts

(a,b,c,etc.) indicate no significant difference at P<0.05 as determined by the Duncan’s

multiple range test.

Strain code Specific growt_I] rates (days'1) Doubling time (days)
28°C-32°C | 28°C-32°C /40°C | 28°C-32°C | 28°C-32°C /40°C

Chlorella 1

PK10 074557 ‘”.L No growth 1.5 No growth

PK30 g2 1 2065 2.6 10.7

PK37 b 7 0.287° 1.3 2.4

PK38 0.122° 0088 5.7 8.2

SS1 049477 0,402 1.4 1.7
Desmodesmus 7 Tﬂ_

NJ14 0.692° 0.148% 1.0 5.9

NJ23 0.425° 0.191° 1.6 3.6

NJ40 0.196' 0.425° 3.5 1.6

NJ45 0+108° 04067 6:4 6.5

TA008 0.168" 0.169% 4.1 4.1
Scenedesmus

PK25 0.169" 0.168% 4.1 4.1

PK92 0.197' 0.187" 3.5 3.7

NJ42 0.105° 0.161% 6.6 4.3

sS4 0.156" 0.203" 4.4 3.4

SS5 0.275° 0.352° 2.5 2.0
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4.5 SDS-PAGE separation of proteins in cells grown at different temperatures

Figure 4.24 showed SDS-PAGE separation of soluble proteins extracted from
cells of 4 strains of Chlorella spp. (Chlorella sp. strain PK10 died when grown at 28°C -
32°C alternated with 40°C) , 5 strains of Desmodesmus spp. and 5 strains of
Scenedesmus spp. in 150 ml Bold’s Basal Medium at 28°C - 32°C in a greenhouse and

at 28°C - 32°C alternated with 40°C for 16/8 h in a 40°C temperature-controlled water

bath placed in the greenhouse throu experiments.

hout th
7
Chiorella spp. $ ene‘desmu Scenedesmus spp.
Ny4o

0]
PK30 PK37 PK38 Ss1 ! #08 PK25 PK92 NJ42 884 885
M 28°C 2840°C 28°C 28/40°C 28°C 28/40°C 28°C  28/40°C 28/40°C 28°@ 28/40°C “28°C" 8°C 25/%"0 28°C 28/40°C 28°C 28/40°C 28°C 28/40°C 28°C  28/40°C 28°C 28/40°C M
x 1 % e = .
- R il ‘f‘ ! . o
’ ol - & 4
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Figure 4.24 SDS-PAGE separatiof
4 _1.:.4

Desmodesmus spp., and Sceneg%s” own in 150 ml Bold’s Basal Medium at

Ee e o)
28°C - 32°C in a greenhouse and at 28(’C_—maﬁ' with 40°C for 16/8 h in a

40°C temperature- rolled waterb eenhouse throughout the

-

experiments. Each weu/vas loaded with 2 pg proteins Edetermined by the Bradford

AUYANENTNYNS

SDS-PAGE profiles shown‘,in Figure 4.24 were unsatisfactory and the

W LR OATUELE C L

been adjusted to give the same silver staining intensity. Some bands were hardly

method.

observed. Thus, it was not possible to satisfactorily compare qualitative and quantitative
differences in soluble protein profiles of the 14 green microalgal strains. However, the
overall results of all the protein profiles showed that the profiles were different for strains
within the same genus and in strains belonging to the different genera. Although it was
not possible to obtain any meaningful results on comparative protein profiles of all the 14

green microalgal strains used in the experiments, it was possible to compare
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quantitative differences in protein profiles of the same strain grown under different

temperature regimes as shown in Figure 4.25.

Chlorella $S1 Chlorella PK30 Chlrella PK37

M 28°C  28/40°C M 28°C  28/40°C M 28°C  28/40°C
S T 2

97

97 97 kDa
66 66
45 45
31 31
21 2l 21 kDa
Chlorella PK38 Scenedesmus/Desmodesmus NJ23
M 28°C  28/40°C M 28°C  28/40°C

97 97
66 66
45 45

[ " i i
31 i

25 kDa

T TR e

21
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66
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31
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Scenedesmus/Desmodesmus NJ40 Scenedesmus/Desmodesmus NJ45 Scenedesmus/Desmodesmus TA008

M 28°C 28/40°C M 28°C  28/40°C M 28°C 28/40°C

97

66

45

31

21

Scenedesmus PK25 . 1 N . Scenedesmus NJ42
28°C  28/40°C 4 E SR " . M 28°C  28/40°C
e

97

66

45

3 —
i

21

AUEINENINYINS
PAIATUAMINYAE




56

Scenedesmus SS4 Scenedesmus SS5
M 28°C  28/40° C M 28°C  28/40°C

97

66

45

31

21

Figure 4.25 Quantitatiy, S i _» AGE tein profiles of 4 Chiorella spp., 5
Desmodesmus spp. an . | grown in 150 ml Bold’'s Basal
Medium at 28°C - 32°C i 32°C alternated with 40°C for
16/8 h in a 40°C temp “bath placed in the greenhouse
throughout the experiments.

The results mwg.;,'. that at 28°C - 32°C cells of
Scenedesmus  spp. rains NJ40 and SS5 were ejﬁ d to contain more of the

polypeptides with molecular,weight in the range of 30-45 kDa. All the rest of the 14

strains were fﬂdu&éa W) Yo dbbhoe fhe grown at 257c - 327

alternated with 40 C for 16/8 h in a#40°C temperature-controlled water bath placed in

the gr@hw;}&;ﬂtﬂﬁgmﬂutuﬂdaatmiggln@2ﬂnd as shown in

q
Table 4.4.
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Table 4.4 Molecular weights of some polypeptides found to be present more in cells

of 4 Chlorella spp., 5 Desmodesmus spp. and 5 Scenedesmus spp. strains grown in
150 ml Bold's Basal Medium at 28°C - 32°C in a greenhouse and at 28°C - 32°C
alternated with 40°C for 16/8 h in a 40°C temperature-controlled water bath placed in

the greenhouse throughout the experiments.

Strains Molecular weight of polypeptides (kDa)

Desmodesmus

TAOO8 | 68, 64, 40, 35

o B UH RN T

SS4 | 97,42, 40, 35

SS5 | 33
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High molecular weight polypeptides

The results in Figures 4.24, 4.25 and Table 4.4 indicated that the heat-tolerant
Chlorella spp. strains PK37 and SS1 grown at 28°C - 32°C alternated with 40°C
contained more of the polypeptides in the high molecular weight range of 97-80 kDa
when cells were grown at 28°C - 32°C alternated with 40°C for 16/8 h in a 40°C
temperature-controlled water bath placed in the greenhouse throughout the
experiments. In addition, the mesophilic Desmodesmus sp. strain NJ40 was found to
contain high molecular weight 150 kDa when.grown under the high temperature regime.
However, the heat-sensitive Scenedesmus sp.-strain PK25 was also found to contain
more of the high molecular weight 150 kDa polypeptide, the heat-sensitive
Desmodesmus spp. strains.NJ14 and NJLZ?; were found to contain more of the 98 kDa
polypeptide and the heat-sgnsitive Spenedeemus sp. strain PK92 were found to contain
more of the high molecular welght 83 kBa polypept|de when grown under the high
temperature regime. Therefore, no concluslve evidence was obtained for the exclusive
presence of the high malecular’ vv'e|ght polypeptldes in heat-tolerant Chlorella spp.
strains PK37 and SS1 and in mesophmc De;rﬁop’esmus sp. strain NJ40. Moreover, the

protein staining intensity in SDS PAGE protein proﬂles of the mesophilic Scenedesmus

g

spp. strains S84 and SSS as shown in Flgure 4 25 was so weak that the experiments

needed to be repeated to find out if there were any dlfferences in the quantities of high

molecular weight polypeptides when cells of these two mesophilic Scenedesmus spp.

strains were grown under the*high temperature regime.

Medium to Low ‘molecular weight polypeptides

The resultsiin Figures 4.24, 4.26and Table.4 indicated that, .under the 28°C -

32°C alternated with 40°C regime, the heat-tolerant Chlorella spp. strains PK37 and
SS1 contained more of the low molecular weight polypeptides 21 kDa and 34 kDa
respectively. In addition, the mesophilic Desmodesmus sp. strain NJ40 and the
mesophilic Scenedesmus spp. strains SS4 and SS5 were found to contain more of
medium and low molecular weight 58 kDa , 37 kDa, 26 kDa (Desmodesmus sp. strain

NJ40), 42 kDa, 40 kDa, 35 kDa (Scenedesmus sp. strain SS4) and 33 kDa
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(Scenedesmus sp. strain SS4) respectively. However, medium and low molecular
polypeptides were also detected in heat-sensitive cells of Chlorella spp. strains PK30
and PK38, Desmodesmus spp. strains NJ14, NJ23, NJ45 and TA008, and
Scenedesmus spp. strains grown under the 28°C - 32°C alternated with 40°C regime.
The 66-68 kDa polypeptides are in the same molecular weight range as the 70 kDa heat
shock protein while the low molecular weight polypeptides with molecular weights 55-58
kDa are in the same range as the 60 kDa GroEL. Further experiments on Western
blotting will reveal if the observed i lypeptides detected in cells were grown
under the 28°C - 32°C alternat ’ %ge heat shock proteins.

4.6 Determination of B-carote

4.6.1 Growth patterns.i

Figure 4.26 showegd#growt Biternsdin 1 ers BBM. medium of 11 strains of green
microalgae at 25°C, 200 rpm), in @ inated: incubator with continuous light intensity of

approximately 3,000 lux. Tablg'4.5's heir specif »o\\ es and doubling time.

Y]

§
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Growth patterns in 1.5 liters BBM

108
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K37 —*— PK38 —*— 5S4
NJ14

Fig. 4.26 Growth patterns of ea ‘r Sl orella spp. strains SS1, PK10, PK30, PK37,
PK38, Scenedesmus spp. strain ﬁ";ﬂ,vh PK92, and Desmodesmus sp. strain NJ14
grown in 1.5 liters BBM-medium at 25°C, 200 rpm, in an illuminated-incubator shaker with continuous
light intensity of approxim ly"@ an-average of three replications.
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Table 4.5 Specific growth rates and doubling time of Chlorella spp., Desmodesmus
spp. and Scenedesmus spp. grown in 1.5 liters Bold's Basal Medium at 25°C, 200
rpm, in an illuminated incubator shaker with continuous light intensity of approximately
3,000 lux. The same superscripts (a,b,c, etc.) indicated no significant differences

(P<0.05) as determined by the Duncan’s Multiple Range Test.

Strain code Specific growth rates (days'1) Doubling time (days)

Chlorella

PK10 02874 2.4

PK30 0.080" 8.7

PK37 0.318% 2.2

PK38 0.227° 3.1

SS1 OL.365b 1.9
Desmodesmus _ . 4

NJ14 - 0.I988f 7.9
Scenedesmus J "

PK25 TR 3.8

PK92 a7 06l 4.3

NJ42 st o.ogg:t-”f 75

Ss4 _ SR G 5.1

sS85 T 0,490" 5 14

The results as sw-hown in Table 4.5 showed Ch/ore’//a spp. strains PK37 and SS1
still increased in number sapidly as obtaiped in 50 ml BBM medium (Table 4.2).
However, Scenedesmus sp.strain [SS5 showed the highest 'specific growth rate when
the medium was increased from 50 ml to 1.5 liters under the,same experimental
conditiens. [FAIl strains, ofi Chiorella spp. except strain PK30 showed" good growth at
25°C, 200 rpm, in an illuminated incubator shaker with continuous light intensity of
approximately 3,000 lux. Mid-log phase cells of 5 strains (Chlorella spp. strains PK30,
PK38, Desmodesmus sp. strain NJ14, and Scenedesmus spp. strains PK25 and PK92)
were extracted for the determination of B-carotene contents present in the cells at 25°C,
200 rpm, in an illuminated incubator shaker with continuous light intensity of

approximately 3,000 lux.
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4.6.1 Determination of B-carotene contents in mid-log phase cells

Figure 4.27 showed micrographs of Chlorella spp. strains PK10, PK30, PK37,
Desmodesmus sp. strain NJ14, and Scenedesmus spp. strains PK25, PK92, NJ42, and
SS4 broken by incubating lyophilized cells in Ethanol and 60% KOH at 50°C for 5 min
and 10 min. Although Chlorella spp. strains PK10 and PK30 cells were found to be
partially broken even with the 10 min incubation period, the 10 min incubation period

was chosen for use in breaking ¢ release intracellular contents because the

conditions were found to pr: | breakage for the other strains as

shown in Figure 4.27. The incubating in Ethanol and 60%
KOH at 50°C for 10 mi ethod using vortexing cells in
an extraction buffer wi e the latter method yielded a

lesser extent of cell b

Chlorella PK10 Chlorella PK10

| Befor: extrac:on ) 10.;’???&%[
ﬂuﬂawﬂw§WH1ﬂ§
W'l 89NT cu 4y ;g;a NUNY, .,

%

B e extrac n

1, ‘ Q
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Chlorella PK37 Chlorella PK37 Chlorella PK37

Before extraction 5 min 10 min

Desmodesmus NJ14 Desmodesmus NJ14

10 min

Before extraction

Scenedesmus PK25

Scenedesmus PK25

Before extraction 10 min

Scenedesmus PK92 | /' Scenedesmus PK92

¢

Before extraction 5min L ¥ 10 min
ARIANNIUNRTIINYIaE
Scenedesmus NJ42 Scenedesmus NJ42 Scenedesmus NJ42
PRT 6 T B T 5 g f,
< £ G '}\j“:’) > d | ‘:: » 1 'ﬁa{)')!]

3 e

Before extraction
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Scenedesmus SS4 Scenedesmus SS4 Scenedesmus SS4

Before extraction

Figure 4.27 Micrographs of cells of some green microalgae before and after cell breakage in Ethanol

and 60% KOH at 50°C for 5 min and 10 mi _

Table 4.6 B-oarotene contents.in mid=log phase ¢ reen microalgae grown in 1.5 liters

e ———

Bold’s Basal Medium at 25°C ,.in an illuminated incubator shaker with continuous light

intensity of approximately 3,00

[3-carotene
Area under Percent
Strains (ug/mg dried
peak recovery
cells)
PK92 215331 6.6 6.039
SS1 969216 36.2 4.971
SS5 37332 7.7 0.897
PK38 118541 | D28=——————13:206 0:220==> | 47.0 0.468
N, |: .
NJ42 181223 90.0 0.374
PK30 33155 3.694 0.062 32.9 0.187
I Ef ENINENND, o
= AUEAINENINEN
U
NJ14 22132 0.099 21466 2.8 0.125
o0 QSN TUMNNINYINY oo
PK25 1 - No peak of beta caroteng------------------- 13.4 Can not calculate

Table 4.6 showed results of B-carotene contents in mid-log phase cells of the mesophilic
Scenedesmus sp. strain SS5, heat-tolerant Chlorella spp. strains PK37, SS1 and heat-sensitive

Chlorella spp. strains PK10, PK30, PK38, Desmodesmus sp. strain NJ14, Scenedesmus spp. strains
PK92, NJ42,and SS4 grown at 25°C, 200 rpm, in an illuminated incubator shaker with continuous

light intensity of approximately 3,000 lux. No B-carotene was extracted from Scenedesmus sp. strain
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PK25 even though the extraction and determination of B-carotene contents were repeated three
times. The results showed a maximum recovery of 90% for Scenedesmus sp. strain NJ42. The high
B-carotene found in this strain was probably due to a combination of the relatively high specific
growth rate (0.227 days'1, Table 4.5) and the high percentage of recovery. The second best
percentage of recovery of 33% was obtained for the majority of the strains used in the study
including Desmodesmus sp. strain NJ14 and Chlorella sp. strain PK30. Since cells of Chlorella sp.
strain PK30 were found to be partially broken as shown in Figure 4.27, B-carotene content in this

strain should be more than the reported value. The high B-carotene content obtained in

Scenedesmus sp. strain PK92 was pro ‘ its larger cells which were completely broken to

release the B-carotene content. N ati >n.[-carotene content and mesophily was

4
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CHAPTER V
DISCUSSION

5.1 Selection of fast-growing and heat-tolerant green microalgal strains

Chlorella spp. strains PK37 and SS1, Desmodesmus sp. strain NJ40, and
Scenedesmus sp. strain SS5 were found to have better growth when grown at 28°C -
32°C alternated with 40°C in a temperature-controlled water bath placed in the
greenhouse for 16/8 h throughout the experiments compared with growth at 28°C - 32°C
in the greenhouse. The reason-cells had to-be-grown at 28°C - 32°C alternated with
40°C in a temperature-contrelled” water bath placed in the greenhouse for 16/8 h
throughout the experimentsfwas becaus!g the green microalgal strains might not have
survived had they been grown.continucusly-at 40°G. The culture of green microalgae at
relatively low temperattre alternated withf:high temperature is a normal procedure in
green algal physiological studies. J

The growth Characteristi:cs:— in an,, iIJI:uminated incubator shaker at 25°C,

vl
approximately 3000 lux continugus light inte;n§i_1;¥ and growth characteristics at 28°C -

32°C and 28°C - 32°C (16h) alternated withfé_r,_q\_k'v__th at 40°C in a temperature-controlled

waterbath with light=fhtensity in a greenhouse: of the _1‘5_strains of Chlorella spp.,

Desmodesmus spp.; and Scenedesmus spp. provide data for the selection of relatively
fast- growing strains of‘the three genera under heat stress (40°C for 8 h for 21 days) for
further industrialzexploitation,  »~As an example; with the, glebal.warming phenomenon,
the earth temperatlre is“expected o rise. The selection of'fast-growing, heat-tolerant
green microalgal strains could be useful in algal bietechnology.. With the trend towards
moving away'from the use of feod /crops such asicorn and'eassava forthe production of
biofuels there is a trend towards the use of microalgae as a source of biofuels (Gouveia
and Oliveira, 2009; Mandal and Mallick, 2009; Xu et al., 2006).

Chlorella spp. strains PK37 and SS1 were found to be heat-tolerant while
Desmodesmus sp. strain NJ40 and Scenedesmus sp. strain SS5 were found to be
mesophilic (Table 4.3). With the results on the growth, heat-tolerance and mesophilic

growth characteristics of the 15 strains of green microalgae obtained in this thesis,
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strains could be selected for further research on mechanisms for heat tolerance and
mesophilicity in Chlorella spp., Desmodesmus spp., and Scenedesmus spp. The
mechanisms for heat tolerance and mesophilic growth characteristics in Desmodesmus
spp. and Scenedesmus spp. could be used to either support or argue against the
transfer of group formerly known Scenedesmus spp. with spines into a new genus
Desmodesmus (An et al., 1999). The RAPD-PCR fingerprints could be used for quality
control in the uses of the microalgae for industrial applications. Upon prolonged use of
the algae there may be alterations including deletion, insertion or gene duplication
which may reflect in changes in the RAPD-PER fingerprints. Once changes in RAPD-
PCR fingerprints are detected, the quali’tﬁ/ control"'personnel of an algal factory can get
rid of the currently-used culturé and get a new culture of the same strain which has been
kept, for example, as a long-term preservétion under 10% glycerol at -80°C.

In this thesis, Chlarella spp. Strains PK30 and PK38 were isolated from soils in
Nam Muap and Na Lueangssuldistricts in _hm\:lar_] province respectively. Other researchers
also isolated Chlorella spp. from §oi! samp’i_(‘_—‘{sl. J_In 2009, Chader et al. isolated Chlorella
sorokiniana strain Ce, Chlorella sa//ﬁa straiﬁ'j%/l_t,- and Chlorella sp. strain Pt6, from soil in
the Algerian Sahara. Lien et al/{1979) iso@e;d.‘ Chlorella sp. from soils contaminated

with sodium fluoroacetate or “Compound 10&(:);’-’-'Which is extensively used for the control

of opossum and rabbjts_in the South Island of New Zealénd. Megharaj et al. (1992)
isolated Chlorella vU/Qar/s and Scenedesmus bijugatus fror"ﬁl soil and used immobilized
cells to remove nitrogeh"and phosphorus from waste water.

Micrographs were taken/ofithel 1 Strains of [green microalgae grown at 25°C
under a continuous light intensity of approximately 3,000 lux for 3, 6, 9, and 12 days.
The ratienalesfor, presenting, the micrographs, of, different-day;old.cells was to illustrate
that at different times during the life cycle of the microalgag, cells of different sizes and
in some cases, different shapes, were obtained depending of the stage of growth of the
autospores in Chlorella spp. or daughter coenobia in the case of Desmodesmus spp.
and Scenedesmus spp. as illustrated in Figure 4.1 for all the Chlorella spp.,
Desmodesmus spp. and Scenedesmus spp. strains. Different cell morphology at
different times of incubation was observed for Desmodesmus sp. strain NJ14 and

Scenedesmus spp. strains PK92 and NJ42.  Changes in cell morphology during
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different stages of growth in the cell cycle in Desmodesmus spp. and Scenedesmus
spp. have been well-documented as phenotypic plasticity in Desmodesmus spp. and
Scenedesmus spp. (Lurling, 2003).

The 15 green microalgal strains have been deposited at the algal culture
collection of the Thailand Institute for Scientific and Technological Research (TISTR) as
part of an effort to establish a world-class culture collection of microalgae as normally
done in other countries such as The American Tpye Culture Collection and the
Scenedesmus strains of the culture collection of the University of Texas at Austin (UTEX)
in USA (Hegewald, 1989), the NIES culture Calleciion in Japan and in Ukraine where
more than 430 species of*halophilic and freshwater green microalgae including 50
strains of Chlorella spp., Desmodesmus spp. and Scenedesmus spp. have been kept.
Most (150 strains ) of the @6llection/are halotolerant Dunaliella spp. for biotechnological
applications including production of B—éaf'otene (Borisova and Tsarenko, 2004). The
algae in the culture callection serve as st%rting culture materials for basic and applied
research for industrial applicationg. : 4
5.2 Protein profiles and B-carotene_:E:ontenfs;tipm Chlorella spp. Desmodesmus spp. and

Scenedesmus spp. Y ety

Table 4.4 showed differgnt sefs of pgl_yé?p_tides of different sizes with molecular
weight ranging from ,98_kDa to 21 kDa. were found to inorease when 4 different strains of
Chlorella spp. were érown under the high temperature re'gime. Each Chlorella strain
seemed to have increased amounts of different polypeptides. In 1987 Valliammai et al.
reported increased, amounts. of.yet another set.of, polypeptides.of molecular weight 74,
72,70, 64, 57,'and 54 kDa in“Chlorella protothecoides. Table 4.4'also showed that the 5
strains of Desmodesmus spp. produced more of=polypeptides with molecular weight
150, 98,68, 66, and 6830 kDa: n'2010, Tukaj and Tukaj'reported that pretreatment of
Desmodesmus subspicalus at 40°C for 1 hour resulted in the induction of two Hsp70,
one being the cyotplasmic heat shock protein and the other was chloroplast stroma
protein as determined by western blotting.

The B-carotene contents obtained for Chlorella spp. in this research were in the
same range as those reported in literature. Inbaraj et al. (2006) reported that Chlorella

pyrenoidosa contained cis isomer [3-carotene 2,159.3 ug per gram dried cells and trans
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isomer B-carotene 2,155.0 ug per gram dried cells. In addition, Mutsukawa et al.
(2000) reported that Chlorella sorokiniana contained B-carotene 600 ug per gram dried
cells. According to Dr Pongstorn Sungpuag (personal communication) the variable
percent recovery as shown in Table 4.6 was probably due to less solubility of the
internal  standard, Trans-8-apo-carotenal, in the mobile phase (acetonitrile:
dichloromethane: methanol 70:20:10) which was used to dissolve the residue before
HPLC analyses. It was recommended that a few drops of dichloromethane which is
more non-polar that the mobile phase be used to dissolve the residue more completely
before making up the volume of the samples {0600l for HPLC analyses.

5.3 Recommended futureresearch on"’"biodiversity, protein profiles, and B-carotene
contents of Chlorella spp. Desmodesmus spp. and Scenedesmus spp.

It is recommended_ ihat furither reéparch pe conducted on large-scale surveys of
Chlorella spp., Desmodesmus' spp.:and Scenedesmus spp. in Thailand in order to
select fast-growing and heat-tolerant or me_:sophilic strains for use in the determination of
microalgal products which may be of mtgrest commercially. In addition, the strains
obtained should be used for further ba3|c research on cryptic species and

¥ K
mechanism(s) for heat tolerance, and/or mes_op_b\‘.hlluty in Chlorella spp., Desmodesmus

spp. and Scenedesmus spQ._____SDS—PAGE;:_Qf_':Qrotein profiles of all the 15 green

microalgal strains used in this thesis should be repe{:\féd and western-blotting be

conducted in order:to record the presence of heat shook’lproteins in Chlorella spp.,
Desmodesmus spp., and Scenedesmus spp. Finally, preliminary results obtained for the
determination off3;carotené-Contents indicated-thattwo-variables are important in order
to get complete, cell"breakage to'release B-carotene contents™ The variables are the
incubation time_for_breaking cells in ethanol and=60% KOH_and*“the temperature of
incubation.” To this‘end it is envisaged that the' response-surface methodology (Mead
and Pike, 1975) could be used to determine the optimum incubation time and incubation
temperature for complete cell breakage for the determination of B—carotene contents as

indicated in Figure 5.1.
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CHAPTER VI

CONCLUSION

Freshwater green microalgae Chlorella spp., Desmodesmus spp. and
Scenedesmus spp. have been used as model oxygenic photosynthetic micro-organisms
in physiological studies including the effects of temperatures on growth and soluble
protein profiles. RAPD-PCR fingerprinting refers to the use of one primer which
randomly anneals to the target DNA in PCR reaetions to obtain DNA fingerprints. In this
experiment, an arbitrary GC-rich primer-8RL-7(5’GCCCGCCGCCY3’) was used to obtain
RAPD-PCR fingerprints of 15 strains of Chlorella spp. strains PK10, PK30, PK37, PK38,
and SS1, Desmodesmus.#Spp: strains "LNJM, NJ23, NJ40, NJ45, and TA008 and
Scenedesmus spp. straingtPK25; PK92, NJ42, SS4, and SS5. The results showed all
strains have different DNAsfingerprints. _Cryptic species with similar morphology but
different genetic compasition were found Io eXIst in Chlorella spp. One aim of the
research is to obtain fast- growmg stralns of the microalgae at 25°C for further

J’ i
biotechnological applications. In-addition, with-the increasing extent of global warming,

the research aims to determine. if there is zaﬁgp'.r_r_elation between existing [J-carotene

contents and heat tolerance at 40°C. The third aim-of the "p_roject is to find out if SDS-

PAGE protein profileé‘of_ soluble proteins of cells grown at 28°C - 32°C, and 28°C - 32°C
alternated with 40°C for16/8 h for 21 days could be usedto account for heat tolerance
in some strains«of Chlorella-spp.»Desmodesmus spp: and-Scenedesmus spp. Each of
Chlorella spp.'strains PK10; PK30,~PK37, SS1, and Desmodesmus sp. strain NJ14,
Scenedesmus spp..strains NJ42, PK25, and SS4“was grown_in Bold’'s Basal Medium,
incubated at'25°C under continuous illtmination at 200 rem. Plate counts showed at
25°C unicellular green microalgae Chlorella spp. grew more rapidly than multicellular
microalgae Desmodesmus spp. and Scenedesmus spp. SDS-PAGE soluble protein
profiles of mid-log phase cells of Chlorella spp., Desmodesmus spp. and Scenedesmus
spp. showed the amounts of different sets of polypeptides were increased under the
high temperature regime. Growth at 28°C-32°C and at 28°C-32"C for 16 h alternated with

growth at 40°C for 8 h showed Chlorella spp. strains PK37 and SS1 were heat-tolerant
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while Desmodesmus spp. strains NJ40 and SS5 were mesophilic. No correlation was
obtained between heat tolerance or mesophilicity property and contents of B-Carotene

and polypeptides which had similar molecular weights to those of heat-shock proteins.
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Appendix A

MICRO-ALGAL GROWTH MEDIA

Bold’s Basal Medium (BBM) (Stein, 1973)

1. KH,PO, stock solution

8.75 g/500 ml 10 ml

2. CaCl,.2H,0 10 ml
3. MgSO,.7H,0 10 ml
4.NaNO, 10 ml
5. K,HPO, 10 ml
6. NaCl 10 ml
7. Na,EDTA-KOH 1Tml
8. FeSO,.7H,0-H,S0O, (c 1 ml
9. Trace Metal Solution Se 1 ml
10. H,BO, 2 85 950 m 0.7 ml
*Trace Metal Solution; (g ‘ﬁ”:’ JA ""-

1. H,B0, 7,

2. MnCl,.4H,0 M : 7

3. ZnS0,.7H,0 0222, |
oo 181391 G NEIIN
5. CuSO,.5H O O 079 g

GCWWW\ﬂﬂiﬂJ‘N‘W’JﬂH']aH

Deionized water 1 liter

pH of medium was adjusted to 6.8 with 0.1 N NaOH. The medium was

autoclaved at 121°C for 15 min.
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Appendix B

CHEMICALS AND SOLUTIONS

1. Solutions for DNA extraction

TE buffer (10 mM Tris-HCI, 1 mM EDTA. pH 8.0)

0.12 g Tris-HCI, and 0.037 ed to distilled water. The final volume

was made to 100 ml. 0.1 just pH to 8.0 before autoclaving at

,d
121°C for 15 min. e ———
10% SDS /-""'" 1. N.L
10 g SDS were dis \ ed w2 8 |th gentle stirring and brought
to 100 ml with distilled watef, BT )\ \

3 M Sodium acetate
24.61 g Sodium ace

Absolute ethanol

70% Ethanol

=

2. Solutio

60% KOH L7 = 4
60 g KOH wer@dded 0 d
95% Ethanol

s AU INYNTNYINT

9g NaCllwere added to dlStIl?d water. The final volumn was made to 100 ml.

e AW 1ANTITU UANAINYAY

Na,SO,

he fmal%lumn was made to 100 ml.

[S-carotene (Merck)

Mobile phase
Acetonitrile: Dichloromethane: Methanol = 70: 20: 10
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3. Solutions for SDS-PAGE (Bio-rad)

Stock solutions

A. Acrylamide/bis
acrylamide (29.2 g/100 ml)
N'N'-bis-methylene-acrylamide (0.8 g/100 ml)
Make to 300 ml with distilled water. Filter and store at 4°C in the dark.

For a maximum of 30 da

B. 1.5 M Tris-HCI, pH 8.
Tris base (18.15
80 ml deionize
Adjust to pH 8. | > 9 ume up't 00, ml with distilled water and

store at 4°C :

C. 0.5 M Tris-HClI,
6 g Tris base
60 ml deionized water

Adjust to pH 6.8 with-6N i p.to 100 ml with distilled water and

store at4°C T —
Y Y

D. 10% SDS

Dissolve 10 g SDS |n 90 ml distilled water with gentle stirring and bring to 100 ml

with distilled wﬁ uﬂ ? Y E]V]iw g1N9

E. Sample buffer (SDS reducing bﬁﬁer (store atsroom temperature)

TN NAI N Y

0,5 M Tris-HCI, pH 6.8 1.0 ml
Glycerol 0.8 ml
10% (w/v) SDS 1.6 ml
2-mercaptoethanol 0.4 ml

1 % (w/v) bromophenol blue 0.4 ml

Dilute the sample at least 1:4 with sample buffer, and heat at 95°C for 4 minutes
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F. 5X running buffer, pH 8.3

Tris base 9.0g (15 g/l)
Glycine 4329 (72 g/
SDS 3.0g (5g/l)

Make to 600 ml with distilled water.
Store at 4°C. Warm to room temperature before use if precipitation occurs. Dilute

60 ml 5X stock with 240 ml distilled water for one electrophoretic run.

G. 10% Ammonium persulphs

One milliliter of aqueot S lium persulphate stock solution was

prepared and stored e # ium [ iphate decomposes slowly, and

.E!
AULINENINYINT
ARIAATAUNNIING A Y
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Appendix C

REPRESENTATIVE CHROMATOGRAMS FOR THE CONSTRUCTION OF
AN EXTERNAL STANDARD CURVE FOR THE DETERMINATION
OF B-CAROTENE CONTENTS

Figure C.1 showed an external standard curve for the determination of [3-

carotene contents. Represe : ms of [3-carotene standard as

determined by reversed C wer m Figures C.2-C.6 The average
' o —

retention time of (3-carotenesstandard was found t6"be.10.662 T+ 0.030 minutes.

N\\\

16000000 s
'/
14000000 - E% \§\
_ 12000000 ‘ e
1] gt A
& 10000000 - —— 3 rons
$ 8000000 + R?=0.964
3
o
-
(1]
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2000000

ug
60

ammn‘m U INIA Y

FigureiC.1 An external standard curve for the determination of 3- carotene contents.
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Injection & 1 Date Processed  Q'T/2552 32047
Injection Voume  20.00u Chamnel Name  2487Channelt
Run Time 15,00 Minues ChamelDesc 0.2 mimin, ACNDCMMeCHT020:10 -
Column Type Sampie Set Name
[ERE S
o e
014
013
-1
aﬂﬂ-
o v
Ll
L1y
o -

Figure C.4 ojfg:;,__ carotene standard as

Edete - dphase pLC
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e g preelt

SAMPLE INFORMATION

SavpeName 40 ugbetacaviene Acqured Sy Sancran

SampeType  Standard Dale Acqured 9255234159

via: 1 Acq. Wemna 4 JUNBOBETA CAROTENE
inpeston ® 1 Dale Srocessed /255335209

injection Voume  20.00u ChamelName  2487Channelt

A/un Time 15.00 Minuses ChameiDesc 0.8 mmin, ACNDCAMeCHT020110 -
Column Type Sample Set Name

Figure C.5 ;I}:‘;—_ B-carotene standard as

Edete - dphase PLC
AULINENINYINT
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Reporled by User  Parchart i/ﬁ
SAMPLE INFORMATION
Sample Name £0 ug beta carotene ACqUred Sy Panchant
Sampie Type Standard Dale Acquired  5/2553 335313
Via 1 Acq. Memia 4 JUNBCBETA CAROTENE
Injection = 1 Oate Processed 39255341833
Iinjection Voiume  20.00u Channel Name 245TChanned
Run Time 15.00 Mirutes Channel Desc 0.8 mifmin | ACKDCMMeCHTOZO 1A -
Column Type Sample Set Name
035
10 e
[t
[ -2
Fy
LRES
o ro
o 0
00 2]

Ty
1zoo 1w

JJEZZ!E; ;..'.{\1"3. o] w5

Figure C.6 m__v- Mg 5>-carotene standard as

15— =55

E 2
ﬂUEI’J'V]EWI"JWH']ﬂ‘i
’QW'\Nﬂ‘iﬂJ UNIINYAY
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Appendix D

REPRESENTATIVE CHROMATOGRAMS FOR THE CONSTRUCTION OF
AN EXTERNAL STANDARD CURVE FOR THE DETERMINATION
OF TRANS-APO-8-CAROTENAL CONCENTRATIONS

Figure D.1 showed an exter al standard curve for the determination of trans-

apo-8-carotenal S Repre ﬂ chromatograms of trans-apo-8-
carotenal standard as determ ' @PLC were shown in Figures D.2-

D.7 The average retenti as found to be 3.670 = 0.014

minutes.
.r.cu carotenal s '.u curve
2:'1"‘
450000 - &L r
" f_\ J L 4
400000 r—
_. _J;-*‘ dﬂ'
% 350000 - — -
S 300000 - _ e
() N
§ 250000 1 [ T y=20694x
< 150000 A m
100000 - o
50000 & ,
Q-ﬂ L l.m 1119 .

F.guapmm DIUHIANEISL.. ..

concentrations in 20 ul injection volume.
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1
Project Name parichart 'i/gz /5
Reported by User Parichart :
SAMPLE INFORMATION
Sample Name 2ug trans apo 8 carotenal Acquired By: Parichart
Sample Type Standard Date Acquired  25/@/2553 40722
Vial: 1 Acq. Method 4 JUNBDBETA CAROTENE
Injection # 1 Date Processed 25/8/2553 41501
Injection Volume  20.00ul Channel Name 2487Channel1
Run Time 500 Minutes Channel Desc: 0.8 mimin , ACNDCMMeOH7020:10,
Column Type :
Mmof
1 8
0.0020] ®
g
1 ?
i Ao %
; g
ogo1o] £

Figure D.2 Representative chromatogram of 2119« trans-apo-8-carotenal
LY
\7F A
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RN IUNRINYIAY




93

1 A
Project Name parichart 'i /E/ /<
Reported by User Parichart :
SAMPLE INFORMATION
Sample Name 4ug trans apo 8 carotenal Acquired By: Parichart
Sample Type Standard Date Acquired 25/8/2553 42105
Vial 1 Acq. Method 4 JUNBDBETA CAROTENE
Injection # 1 Date Processed 25872553 428:15
Injection Volume  20.00ul Channel Name 2487Channel1
Run Time 500 Minutes Channel Desc: 0.8 mimin , ACNDCMMeOH7020:10,
Column Type
n.ms.f "
n.ms.: §
1 8
0.004] ©
-
1 k4
2 n.ms.: g
1 g
0002 £
(I.l:lll-:
o
T Tos0 0 100 0 Siso 0 200, T 2s0 fp. 300 B T3S0 400 450 @ so0

UG- trans-apo-8-carotenal as

A J

.. se L'J C.
AULINENINYINT
RN IUNRINYIAY

Figure D.3 Representative chromatogram of 4
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Project Name parichart '//EZ /4

Reported by User  Parichart

SAMPLE INFORMATION

Sample Name 8ug trans apo 8 carotenal Acquired By: Parichart
Sample Type Standard Date Acquired 25/8/2553 43351
Vial: 1 Acq. Method 4 JUNBDBETA CAROTENE
Injection # 1 Date Processed ~ 25/M/2553 44743
Injection Volume  20.00ul Channel Name 2487Channel1
Run Time 5.00 Minutes Channel Desc: 0.8 mimin , ACNDCMMeOH7020:10,
Column Type N
0.012- )
o.010] §
0.008.] .E
] -4
) *
3 0006 g
0.004] 5
0.002]
0.000]

Figure D.4 Representative chromatogram of 8

UG- trans-apo-8-carotenal as

A J

.. s L'J C.
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Project Name parichart "i/%/ (4

Reported by User Parichart

SAMPLE INFORMATION

Sample Name 12 ug trans apo8 carotenal Acquired By: Parichart

Sample Type Standard Date Acquired 25[8/2553 44330

Vial: 1 Acq. Method 4 JUNBDBETA CAROTENE
Injection # 1 Date Processed  25&/2553 45702

Injection Volume  20.00ul Channel Name 2487Channel1

Run Time 500 Minutes el Desc: 0.8 mlmin , ACNDCMMeOH7020:10,
Column Type

trans-beta-apo-8 carotenal -

AULINENINYINT
RN IUNRINYIAY
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Project Name  parichart ’ifiz (7

Reported by User Parichart

SAMPLE INFORMATION

Sample Name 16ug trans apo8 carotenal Acquired By: Parichart
Sample Type Standard Date Acquired  25@/2553 45330

Vial: 1 Acq. Method 4 JUNBD BETA CAROTENE
Injection # 1 Date Processed  25@8/2553 50035

Injection Volume ~ 20.00ul Channel Name  2487Channell

Run Time 500 Minutes anne 0.8 mimin , ACNDCMMeOH7020: 10,

Column Type

0.020.]

trans-beta-apo-8 carote

Figure D.6 Représental]
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1 A
Project Name parichart fi /gf i3
Reported by User Parichart :
SAMPLE INFORMATION
Sample Name 20ug trans apo 8 carotenal Acquired By: Parichart
Sample Type Standard Date Acquired 25872553 508102
Vial: 1 Acq. Method 4 JUNBOBETA CAROTENE
Injection # 1 Date Processed ~ 25/8/2552 1353
Injection Volume  20.00ul Channel Name 2487Channel1
Run Time 500 Minutes = 0.8 m¥min , ACNDCMMeOH7020:10,
Column Type
oo ,
0.030]
] o
0.025-] g
! 8
] *Q
0.020] g
: :
2 u.ms.: 3
! g
. £
o010
u.ms-:
- , :

"HPLC.
;
/]
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Appendix E

CHROMATOGRAMS FOR DETERMINATION OF B-CAROTENE CONTENTS
AND PERCENTAGE OF RECOVERY

Chromatograms of pigment profiles and the internal standard trans-8-apo-

carotenal for the determination of B-

ene contents in mid-log phase cells of 11
strains of Chlorella spp. strain /f , PK38 and SS1, Desmodesmus sp.
ins | 2, NJ42, SS4 and SS5 as well as

the percentages of reco ' » in Fi 11, respectively.

sl /[ 4 B\ NN et
II &m‘\\\

-ﬂ*m @ RI2553 155013
4 JUNSO BETA CAROTENE
17012563 18:3818
2487Channe!{

21
i
ﬂﬂﬂ'ﬁWﬂ”ﬂ'ﬁ

5 2. g ﬁu
. N \ ] .4“'-.". 1
IIIuJII ldllldllldllldll lzd n_i'nm|n

Mnutes

f;!

0

Figure E.1 Chromatogram of pigment profile and trans-apo-8-carotenal for the
determination of B-carotene content in mid-log phase cells of Chlorella sp. strain PK10

and the percentage of recovery. The retention times for trans-apo-8-carotenal and -

carotene were 3.670 & 0.014 min and 10.662 £ 0.030 min respectively.
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H J =
ProjectName parichart Lprpplt
Reported by User  Parichart //X
SAMPLE INFORMATION

Sample Name P30 Aoqurred By: Parichart

Sample Type Unknown Date Acquired  1/V2553 34225

Viak 9 Acg. Method 4 JUNBOBETA CAROTENE

Injection # 1 Date Processed  1/0V2552 101847

Injection Velume  20.00ul ChamnelName  2487Channell

Run Time 15.00 Minutes Channel Desc: 0.8 mimin , ACMDCNMeOH7020:10,-

Column Type Sample Set Name

M HEYAEy ¥

Figure E.2 Chromatogram-of pigm

ST T B

e and trans-apo-8-carotenal for the

ase cells of Chlorella sp. strain PK30

and the percentag‘ ............ y. The re etention times fo rans-apo-8-carotenal and -

-.
\YF ..‘H
carotene were 3.670 l' 0 nir

AULINENINYINT
PAIATUAMINYAE

espectively.
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ProjectName  parichart 'I/:ﬂﬂ

Reported by User  Parichart

SAMPLE INFORMATION
Sample Name PK37+2ug frans apo b8 carotenal  Acquired By: Parichart

Sample Type Unknon Date Acquired 14912553 2145:49
Viak 1 Acg. Method 4 JUNBOBETA CAROTENE
Injection # 1 Date Processed 14912553 2217:39
Injection Volume  20.00ul Channe! Name  2487Channel1
Run Time 15.00 Minutes ChamnelDesc: 0.6 mimin . ACNDCNMeOH7020:10,-
Column Type Sampie Set Name
S
acze]
acao]
20157
L
20104
: W ESEEE TR A
. F oy s AW
‘ — e Nood

T T

AT

Figure E.3 Chromatogr rofile and trans-apo-8-carotenal for the

determination of B-ca rote ) Is of Chlorella sp. strain PK37
X

and the percentag e ns-apo-8-carotenal and B-

| ] ‘
carotene were 3.670 £.0.014 min and 10.662 = 0.030 iR respectively.
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ProjectName  parichar ’I/iﬂ

Reported by User  Parichant

SAMPLE INFORMATION
Sample Name PI38 Acquired By: Parichart
SampleType  Unknown Date Acquired 11812552 32124
Viak 3 Acq. Method 4 JUNBOBETA CAROTENE
Injection # 1 Date Processed  1/A/2662 101806
Injection Velume  20.00ul Channe! Name  2487Channelt
Run Time 1500 Minutes Channe! Dese: 0.8 mimin , ACNDCNMeOH7020:10,
Column Type Sample Set Name
2.5
0.5
2.4
2 gl
2.2
2.4 5

TR

Figure E.4 Chromatogram of pigm: rofile and trans-apo-8-carotenal for the

determination of B-ca rote Is of Chlorella sp. strain PK38

-
J r\

and the percentage "d. ns-apo-8-carotenal and B-

1 ‘
carotene were 3.670 220.014 min and 10.662 X 0.030 mi respectively.
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H ," =
Project Name parichart / ¢
Reported by User  Parichart f I / x
SAMPLE INFORMATION

Samgle Name ~ NJI4 Acquired By: Parichart

Samgle Type Unknown Date Acquired V2563 2321:15

Vial: 1 Aeq. Method 4 JUNS0 BETA CAROTENE

Injection # 1 Date Processed /02553 2340:26

Injection Volume  20.00u! Channe! Name ~ 2487Channe!1

Run Time 15.00 Minutes Sample Set Name

0,154

0,14

11.261

' 1 ;zd ' 1 ‘I‘.d 1

Figure E.5 Chromatograf o .m-- 0 ile and trans-apo-8-carotenal for the

determination of B carotene cor ntent, nid: ase cells of Desmodesmus sp. strain

NJ14 and the percentage of recovery. The retention tim esfor trans-apo-8-carotenal and

[-carotene were 3.670 ' 0 .i::; respectively.

W J.U
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ProjectName  parichart ’l/iﬂ

Reponed by User  Parichart

SAMPLE INFORMATION

Sample Name ~ SS1 Acqured By: Parichart

Sample Type Unknowin Date Acquired 1012553 111540

Viat 10 Aeg. Method 4 JUNBOBETA CAROTENE
Inection # 1 Date Processed 1/812662 112821

Inection Volume  20.00ul Channel Name  2487Channel1

Run Time 15.00 Minutes Channel Dese: 0.8 mimin , ACNDCNMeOH70:20:10,-
Column Type Sample Set Name

1.8

1.5

14K

1.2

1.0

2.4

0.2H

T

rofile and trans-apo-8-carotenal for the

determination of B-carotene ] ase. cells.of Chlorella sp. strain SS1

and the percentag -\: ns-apo-8-carotenal and B-
Ny )

carotene were 3.670 'f]‘l 0.030 min respectively.
W

{
i¥ |

AULINENINYINT
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H ," ==
ProjectName  parichart lf
Reported by User  Parichart //ﬂ
SAMPLE INFORMATION
Samgle Name ~ PK25 Acquired By: Parichart
Samgle Type Unknown Date Acquired  5VQV2553 2348:32
Vial: 1 Acq. Method 4 JUNS0 BETA CAROTENE
Injection # 1 Date Processed  G/02553 Q1147
Injection Volume  20.00u Channe! Name  2487Channei1
Run Time 15.00 Minutes Sample Set Name
20247
9022
0]
a01s]
2016
20163
a0t
. S
00104
e
o
-
a0
200c]
' "aed ' osead
. s
Figure E.7 Chromato i e and trans-apo-8-carotenal for the
determination of B-carotene conten ‘phase cells of Scenedesmus sp. strain
PK25 and the percentage covery. The A times for trans-apo-8-carotenal and

-

B-carotene were 3.6 70 Wi respectively.

.lI
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¥ |
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’ ," ==
Project Name parichart /’
SAMPLE INFORMATION

Sample Name PHa2 Acqured By: Parichart

Sample Type Unknown Date Acquired 12553 112034

Viat " Acg. Methed 4 JUNBOBETA CAROTENE

Inection # 1 Date Processed 2082533 1216:43

Injection Volume  2000ul Channe! Name 2487Channel

Run Time 15.00 Minutes Channel Desc: 0.8 mimin . ACNDCNMeOH7020:10, -

Colurmn Type Sample Set Name

0.254

2.2

.15
2

0.104

.05+

T B =
,’4 .

Figure E.8 Chromatg -j‘;_,f,g- Fpigmi ofile: and trans-apo-8-carotenal for the

determination of B-carotene conter —.,_.-yw hase cells of Scenedesmus sp. strain

PK92 and the perce u- g s.for trans-apo-8-carotenal and

B-carotene were 3.6 70 4' o respectively.
i |

! uJ
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1/ =
o P e

SAMPLE INFORMATION

Sample Name NJK2+2ug trans apo b8 carotenal  Acquired By: Parichart

Sample Type Unknown Date Acquired 14002553 2212:03

Viat 2 Acg. Method 4 JUNBOBETA CAROTENE
Injection # 1 Date Processed  14/2/2553 223308

Injection Volume  2000ul ChannelName  2487Channelt

Run Time 15.00 Minutes Channel Dese: 0.8 mimin , ACNDCNMeOH7020:10,-
Column Type Sample Set Name

045

0.4
0.254
0.3
0.254

2 0.2
2.454

2.1

1200 40l

o

Figure E.9 Chromatogram-of pigment profile and trans-apo-8-carotenal for the
i

determination of B-carotene contenti ‘phase cells of Scenedesmus sp. strain

NJ42 and the perce ge es for trans-apo-8-carotenal and

B-carotene were 3.670.4 10 respectively.

] L
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PAIATUAMINYAE



107

H ]
ProjectName  parichart ppplE
Reported by User  Parichart f / /H
SAMPLE INFORMATION

Sample Name S5544+2ug trans apo bS carotenal  Acquired By: Parichart

Sample Type Unknown Date Acquired 1502563 12517

Vial: 3 Acq. Method 4 JUNE0Q BETA CAROTENE

Inection # 1 Date Processed 15212563 142550

Inection Volume  20.00u! Channel Name ~ 2487Channei1

Run Time 15.00 Minutes Sample Set Name

2045

1 1 Izd 1 1 1 d 1
Figure E.10 Chromato pro i\‘ and trans-apo-8-carotenal for the
determination of B-caroten ‘-’ v mid ase cells of Scenedesmus sp. strain

SS4 and the peroentage of rece 1 times for trans-apo-8-carotenal and

B_Carotene were 3 670 :.;-.‘-...m_..i.‘..__.-...-.-i_‘ respect|ve|y
% i | 3

W
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ProjectName  parichart ’I/?lf

Reported by User  Parichart

SAMPLE INFORMATION

Samgle Name S5S5+2ugtrans apo 8 carotenal Acquired By Parichart

Samgle Type  Unknowm Date Acquired 10812553 142435

Vil 2 Acq.Mehod 4 JUNSO BETA CAROTENE
Inection 1 Date Processed 10002563 144019
Injsction Volume  20.00u! Channe! Name  2467Channe!t

Run Time 15,00 Minutes Sample Set Name

|
|
g
A
« & 2 = W
1 1 Izd 1 1 .‘. _..,.'." ,' 1 1 1 'lzd 1 1 ‘I"d 1

Figure E.11 Chromatogram-of pigm e and trans-apo-8-carotenal for the
determination of B-carotene oﬁ,_t:,-;, nmid 1ase cells of Scenedesmus sp. strain
SS5 and the perce tage of recoven /. The retention time s for trans-apo-8-carotenal and

[-carotene were 3.670 '| 0 ,l:-:;. respectively.
|
! 1)
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