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Lipid Production for Second Generation Biodiesel by the Oleaginous Yeast
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Abstract

Production of second-generation biofuels derived from non-food biomass is currently at the center of attention of
researchers and industries worldwide as a method of supplying the requirement for sustainable energy. Biodiesel is
composed of fatty acid alkyl esters (FAAESs) that are conventionally produced through the transesterification reaction of
alcohol and triacylglycerols (TAGs). TAGs are mainly found as the lipid storage of living organisms, including oilseed
plants and microalgaes. Therefore, a sustainable supply of TAGs is a major bottleneck for current biodiesel production
because the oilseed plants are competitive with foods and feedstocks. This review focuses on the ongoing researches
on oleaginous yeasts producing high contents of lipids for production of second generation biodiesel. The comparative
studies of the lipid synthesis mechanism between oleaginous and non-oleaginous yeasts are described. Additionally,
the knowledge of systems biotechnology and the biochemical mechanisms of lipid synthesis and accumulation are

also comprehensively discussed.
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Figure 1 Biodiesel production reaction. (A) Transesterification and (B) Esterification (1)
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Figure 2 Lipid synthesis pathway (3, 4)

Iudsznalnoidregronisdansndadain
Fregadnuazinfidudowinduluiudiuniinense
vouurn (5) wuidadlaloian OYS3 axawudfiagesay
az 52.7 Fasylddlunfiveseauazmnihanaiiiuzes
\RENYATANTTY LATNANANA lATaLA: 37.2 WazTanay
39.4 lagrinnsniraduisnuddy wananiifiseawin
mUﬁufﬁuw%ﬂé"uﬂﬁﬁﬁnﬂmwgﬂumswa@%ﬁu LT
Rhodosporidium toruloides Fluudszanmiasay 55-68
(6) Yarrowia lipolytica %\ usiuiszunmaosas 30-43 (7)
Wwaz Rhodotorula gracilis A8 luiuwlszanmiasa 72 (8)
(e

msasvuaazas laanlndad

a'numnmia:auvlmﬁﬂu?hﬁ%%mzagﬂugﬂmaa
lasiadandimoses doiumsilidin Wazapin ns
Lﬁuazauvlﬂuﬁuiugﬂﬁﬁﬁaﬁstwzgﬂaaﬂ%vl@]srjwlﬁﬁas fen
wasnuszaNgd lasefandiwevensznuannlugaiilaa
(eukaryote) luiwaziimsszaulasiedanairatealuinda
suludafazazanlugivasaaazalyled (adipocyte) (9)
Taundlofuasdmsazaudormad el mennish
WNNABNG el aT1ALAaHaN NS "lmifw?'iazauvlfhzgn

wndouiglUlB Iuwnasnn iesannnszuiwmsnaa o
Lﬂumzmumiﬁugmmamﬂéaﬁ%% wiFfiFAafiims
Aoazawladunnnii 20% vasanatiirinuisazEonin
mnﬁﬂ%mm‘l“uﬁuge (oleaginous organisms) NIzLIRNT
azawlvdiuluaaslugivalasiedanfiveseaiialdan
aaam:mumﬂmy’é’aLLa@]ﬂugﬂﬁ 3 @a (1) M3dnues
SULRIANALTDIOA (ex novo accumulation pathway) LLag
2) myfsezRIualwal (de novo synthesis) (10, 11)
mséfdmezﬁ“lfuﬁmﬂuﬂﬁﬁ%m@imﬁaﬂ@mzﬁumﬂa:
Ffalaadswllidundimaseaniwas wa (glycerol-3-
phosphase) #3alalaasandazdlnunaaina (dinydroxy-
acetonephosphaste) G'f%\‘lNawamﬁvlﬁmﬂmzmum‘imm
uaﬁ%wﬁaﬂﬁﬂmhﬁu'émzuazgﬂLﬂ'é"wvlﬂl,ﬂumgﬁuﬁ‘
d199uiu Waalwdlla (phospholipids) w3alasiadana
LT3R AIBNITLIUMIUNENELTE TRNANLUONILA DY
fnsasundesoatdundimaseaninaswanon
e unsaid el 'mﬂﬁyfuﬁalzgmﬂ?iﬂuvlmﬂu
lalaasendosdlnunasva heailasiedans 1rasen
giah



Vol 33. No 3, May-June 2014

Lipid Production for Second Generation Biodiesel by the Oleaginous Yeast

303

A B
Glycerol
RCOSCoA + 3-glycerol-phosphate . ATP
1
CoA G-3-Pacyltransferase Glucose ADP Cytosol
3-P-Glycerol
RCOSCoA 2
Lysephosphatidic acid l
CoA acyltransferase 3-P-Dihydroxyacetone
Phosphatidic acid : Hexose, Pentose
Glyconeogenesis
Glycolysis
Phosphatidic acid
phosphohydrolase
Pyruvate
¥ NADPH ; Pyruvate
Diacylglycerol / g
Diacylglycerol 4 Malate Oxaloacetate  Acetyl-CoA
acyltransferase Oxaloacetate
h 4
. 5 k Citrate
Triacylglyecerol

Acetyl-CoA

y

NADPH
NADP

<]
TAG

Figure 3  Triacylglycerol synthesis pathway. (A) de

Malonyl-CoA

Citrate =2» =3 Krebs
Cycle

Mitochondria

novo synthesis and (B) ex novo accumulation pathway

(1 = glycerol kinase, 2 = glycerol-3-phosphate denydrogenase, 3 = pyruvate dehydrogenase, 4 = malate

dehydrogenase, 5 = ATP-citrate lyase, 6 = fatty acid synthetase )(4).
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