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บทคดัย่อภาษาไทย 
 

  ยีสต์กลายพันธุ์สองกลุ่มของ Hansenula polymorpha ถูกคัดเลือกจากความต้องการกรด
ไขมันในการเจริญเติบโต กลุ่มหน่ึง คือ ยีสต์กลายพันธุ์ที่ต้องการกรดไขมันอิ่มตัวส าหรับการเจริญเติบโต 

(sfa- mutamts) อกีกลุ่มหน่ึงคือ ยีสต์กลายพันธุ์ที่ต้องการกรดไขมันไม่อิ่มตัวส าหรับการเจริญเติบโต (mfa- 
and pfa- mutants) ยีสต์กลายพันธุ์ในกลุ่ม sfa- สองตัว คือ S7 และ S16 มีองค์ประกอบของกรดไขมันที่
แตกต่างจากยีสต์กลายพันธุ์ตัวอื่นอย่างชัดเจน โดยยีสต์กลายพันธุ์ S7 บกพร่องในการผลิตกรดไขมันไม่
อิ่มตัว C18:2∆9,12

 และ C18:3∆9,12,15
 ขณะที่ยีสต์กลายพันธุ์ S16 มีการสะสมกรดไขมันอิ่มตัวสายกลาง คือ 

C12:0 และ C14:0 ในปริมาณมาก จากการวิเคราะห์เทเทรด (Tetrad analysis) พบว่า เช้ือกลายพันธุ์ S7 มี
ลักษณะที่ ถูกกลายพันธุ์ไปสองลักษณะ (ต าแหน่ง) คือการกลายพันธุ์ที่ท  าให้เกิดการบกพร่องใน

กระบวนการสงัเคราะห์กรดไขมัน (Hpsfa7) และการกลายพันธุ์ที่ท  าให้เกิดความบกพร่องที่การเติมพันธะคู่
ที่คาร์บอนต าแหน่งที่ 12 บนสายของกรดไขมัน (Hpdes12) ลูกที่แยกได้จากกระบวนการไมโอซิส คือ H69-
2C และ H69-2D มียีนกลายพันธุ์ Hpdes12 มีลกัษณะท่ีแสดงออกเป็น Sfa+ ที่ไม่ตอ้งการกรดไขมนัในการ
เจริญเติบโต ช้ีให้เหน็ว่าการขาด C18 polyunsaturated fatty acids ไม่ส่งผลต่อการเจริญเติบโต ส่วน H69-
2A และ H69-2B มียีน Hpsfa7 มีลกัษณะท่ีแสดงออกเป็น Sfa- และตอ้งการกรดไขมนัอ่ิมตวัส าหรับการ
เจริญเติบโต อย่างไรกต็าม มีเฉพาะ  H69-2B เท่าน้ันที่แสดงคุณสมบัติในการเจริญบนอาหารที่เสริมด้วย
กรดไขมันชนิดต่างๆ ที่เหมือนกบัยีสต์กลายพันธุท์ี่ใช้เป็นเซลล์แม่ (S7) ในขณะที่ H69-2A มีความแตกต่าง 
จากการโคลนยีน 12-desaturase ของ H. polymorpha SH4330 (HpDES12) และ S7 เมื่อเปรียบเทยีบล าดับ
นิวคลีโอไทด์ของยีนที่โคลนได้จากยีสต์ทั้งสองสายพันธุ์ ท าให้ยืนยันได้ว่าความบกพร่องในการสร้าง  
C18:2∆9,12

 และ C18:3∆9,12,15
 ในยีสต์ S7 เป็นผลมาจากการกลายพันธุ์ที่ยีน 12-desaturase นอกจากน้ีผล

การโคลนยีนยังท าให้ทราบลักษณะของยีน 12-desaturase ของ H. polymorpha ซ่ึงพบว่า บริเวณที่ถอดรหัส
ให้เป็นกรดอะมิโน (open reading frame) มีความยาว 1215 เบส ถอดรหัสให้กรดอะมิโน 404 ตัว (GenBank 
Accession No. GU226432) โดยล าดับกรดอะมิโนน้ีมีความคล้ายคลึงสูงสุดกับล าดับอะมิโนของเอน็ไซม์ 
12-desaturase ของยีสต์ Pichia pastoris ซ่ึงมีความสัมพันธ์กับผลของการวิเคราะห์แบบไฟโลเจนิค 
(phylogenetic analysis) ซ่ึงยีน 12-desaturase ของ H. polymorpha ที่โคลนได้น้ี และยีสต์กลายพันธุ์ต่างๆ
ที่ได้จากการศึกษาน้ีสามารถใช้เป็นเคร่ืองมือในการศึกษาความสัมพันธ์ระหว่างเมตาลอลิสมของกรดไขมัน

และสรีรวิทยาของสิ่งมีชีวิตยูคาริโอต 
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บทคดัย่อภาษาองักฤษ (Abstract) 
 
  Two groups of Hansenula polymorpha mutants were screened by their fatty acid 
requirement, one requires saturated fatty acids for growth (sfa- mutamts) and the other requires 
unsaturated fatty acids (mfa- and pfa- mutants). Two of the sfa- mutants, S7 and S16, showed significantly 
difference in the fatty acid composition. S7 clearly defected in the production of C18:2∆9,12 and 
C18:3∆9,12,15, while S16 significantly accumulated medium-chain saturated fatty acids, C12:0 and C14:0. 
By tetrad analysis, the results showed that S7 had double mutation which composed of fatty acid synthesis 
mutation (Hpsfa7) and ∆12-desaturase mutation (Hpdes12). Two meiotic segregants, H69-2C and H69-2D 
harboring Hpdes12 gene, showed Sfa+ phenotype and grew on YPD without fatty acid supplementation 
indicating that the absence of C18 polyunsaturated fatty acids did not affect cell growth of the mutant. 
H69-2A and H69-2B segregants (Hpsfa7) showed Sfa- phenotype and required saturated fatty acids for 
growth. However, only the segregant H69-2B display similar properties to parental mutant (S7) on the 
growth on media supplemented with various fatty acids, while H69-2A was different. The comparison of 
the cloned 12-desaturase gene (HpDES12) of H. polymorpha SH4330 and S7 confirmed that the defect 
of C18:2∆9,12

 และ C18:3∆9,12,15
 synthesis was resulted from the mutation at 12-desaturase gene. 

Besides, the cloning gene also provided the characteristic of 12-desaturase of the yeast H. polymorpha. 
An open reading frame of the full length cDNA of12-desaturase gene of H. polymorpha showed 1215 
bp encoding for 404 amino acid residues (GenBank Accession No. GU226432). The deduce amino acids 
had the highest similarity to the 12-desaturase of Pichia pastoris that corresponds to the result of 
phylogenetic analysis. The cloned gene and mutants obtained in this study can be used as tools for 
studying association between fatty acid metabolism and cell physiology of eukaryotes. 
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 บทน า (Introduction) 
  
 1.1 ความส าคญัและท่ีมาของปัญหาท่ีท าการวิจยั 

There has been much interest in the beneficial impact of n-3 and n-6 polyunsaturated 
fatty acids (PUFAs).  These fatty acids have important roles in human health and nutrition.  
Reliable dietary sources of PUFAs are fish oils and some plant oils.  Because of insufficiency 
of the natural resources for the market demand, therefore, the alternative sources for 
production of PUFA-rich oils are required.  Many attempts have paid on improvement of 
producer strain through engineering of metabolic pathways involved in fatty acid biosynthesis.  
More understanding of fatty acid metabolism offers new insights into the metabolic fluxes 
governing the production of valuable fatty acids.  The concept of obtaining them from 
microorganisms in sustainable quantities is attractive.  It will be express the genes in specific 
manner and in a lipid background rich in the fatty acid substrates. With advance in genetic 
manipulation, fermentation, and ability to synthesize both n-3 and n-6 PUFAs, Hansenula 
polymorpha is of considerable interest as an excellent model for study of fatty acid and lipid 
metabolisms in eukaryotes, which prompts it to be a candidate for improvement of edible 
microbial oils and single cell oils.  To understand the fatty acid and lipid synthesis in H. 
polymorpha, in this research project, a number of mutants defecting in fatty acid synthesis and 
having apparently altered phenotypes including growth, fatty acid composition were screened 
and selected.  The mutants were used as tools for searching gene(s)/enzyme(s) involved in 
fatty acid and lipid synthesis.  The valuable information obtained can be used to reconstruct 
the biosynthetic pathway of fatty acid that lead to more understanding in fatty acid and lipid 
metabolisms of H. polymorpha.  In addition to the basic viewpoint, the knowledge gained in 
this research is considerably useful for rationale design in improvement of microbial oils that 
has a significant important in pharmaceutical and biotechnological applications. 

 
1.2 วตัถุประสงคข์องโครงการวจิยั 
The goal of this research project is to understand fatty acid and lipid synthesis in yeast H. 

polymorpha that would provide information for more rationale design in manipulating its fatty 
acid composition and content.  This study also provides an insight into production of single 
cell oils and edible microbial oils having valuable PUFAs with pharmaceutical benefit by 
using H. polymorpha as an alternative host. 
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1.3 ขอบเขตของโครงการวจิยั 
1.3.1  To generate a class of H. polymorpha mutants with altered phenotypes of fatty   

acid using chemical mutagenesis 
1.3.2  To characterize the mutants by physiological and genetic studies  
1.3.3  To clone lipogenic gene(s) from the mutant(s) of interest  

 
  1.4 ทฤษฎี สมมุติฐาน (ถา้มี) และกรอบแนวความคิดของโครงการวิจยั  

There has been a great emphasis placed upon the beneficial of essential fatty acids 
consumption.  Polyunsaturated fatty acids (PUFAs) in n-3 and n-6 series are important for 
normal development and function of all organisms and long chain-polyunsaturated fatty acids 
(LC-PUFAs) containing 18-22 carbons with two or more double bonds, have been known to 
play important roles in human health.  Apart from a structural role of cellular membranes, 
these PUFAs classes also serve as precursors for synthesizing eicosanoids, including 
prostaglandins, leukotrienes and thromboxanes, which have important biological function in 
various biological systems such as cardiovascular, respiratory and immune systems.  The n-3 
eicosanoids are either weak agonists or more usually, strong antagonists of the potent n-6 
metabolites (Simopoulos 2002; Funk 2001; Gill and Valivety 1997).  Humans are incapable of 
synthesizing essential fatty acids, linoleic acid (LA, C18:2 n-6) and –linolenic acid (ALA, 
C18:3 n-3), due to lack of the 12– and 15–desaturases.  However, human can further 
metabolize these two fatty acids (LA and ALA) obtained from the diet from LC-PUFAs 
through a series of desaturation and elongation steps.  As the demand of these beneficial 
PUFAs has drastically increased in recent years and the limitation of marine fish oils and some 
of seed oils, which represent the natural reserves of n-3 and n-6 LC-PUFAs, respectively, 
alternative sources are urgently required.  The concept of obtaining them from oilseed plants 
and microorganisms in commercial and sustainable quantities is particularly attractive.  It will 
be necessary to express the genes in question in a specific manner and in a lipid background 
rich in the fatty acid substrates.  Recent attempts to reconstitute the desaturation pathway in 
yeast and plants met with limited success.  Their relatively yield of LC-PUFAs can be 
explained by availability of the substrate pool (Lopez and Garcia 2000).  A central question 
remains as to the mechanism(s) by which unnatural fatty acids are accumulated in triglyceride 
(TAG).  With advance in multidisciplinary research emerged, the fatty acid metabolism has 
been studied extensively for full understanding and consequently for effective manipulation of 
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composition and content of the desired fatty acids.  Selection and chemical mutagenesis as 
well as construction of transgenic organisms would be potential strategies for genetic 
modifications for oil quality and production.   

The variable existence of biosynthetic rotes of such PUFAs has been found in the 
microbial kingdom (Mukherjee 1999).  The amazing diversity of fatty acid profile in yeasts 
and fungi provides a means for study of the possibility of manipulation of cellular fatty acids.  
The methylotrophic yeast H. polymorpha is a non-conventional yeast and has been recognized 
as a model system for investigation of several biological processes such as methanol 
metabolism, peroxisome biogenesis and for producing several useful bioproducts (Veale et al. 
1992; de Roubin et al. 1991; Gellissen et al. 1991; Escalante et al. 1990) and is regarded as 
GRAS organism (generally recognized as safe).  The genetic transformation system and high-
cell-density fermentation of yeast has been developed (Gillissen and Hollenberg 1997).  H. 
polymorpha is, unlike Saccharomyces cereviase, able to synthesize both n-6 and n-3 PUFAs 
including LA and ALA, in addition to monounsaturated fatty acids (MUFAs) (Anamnart et al. 
1998) that is similar to higher plants.  Moreover, thermotolerance of H. polymorpha is a 
favorable characteristic for industrial application, especially in tropic countries.  By these 
advances, H. polymorpha is of considerable interest as an excellent model for study of fatty 
acid metabolism in eukaryotes, which prompts it to be a candidate for improvement of edible 
microbial oils and single cell oils by manipulating fatty acid composition.  This yeast has been 
proven to offer potential to be an alternative host as a delivery vehicle for important LC-
PUFAs.  

   Although several genes including 9–desaturase (Lu et al. 2000), two elongases and 
fatty acid synthase (Prasitchoke et al. 2008; Prasitchoke et al. 2007a; Prasitchoke et al. 2007b; 
Kaneko et al. 2003) have been cloned recently from H. polymorpha, the PUFA synthetic 
pathway of this yeast is poorly defined and the enzymes and substrates involved are 
uncharacterized.  Furthermore, other relevant genes encoding lipid biosynthetic enzymes, -
oxidation and fatty acid activation and transport have not been identified in H. polymorpha.  In 
this research project, a number of mutants defecting in fatty acid synthesis and having 
apparently altered phenotypes including growth, fatty acid composition were screened and 
selected.  The mutants of interest were further characterized by physiological and genetic 
studies.  The mutants were used as tools for searching gene(s)/enzyme(s) involved in fatty acid 
synthesis.  The valuable information obtained would be used to develop the biosynthetic 
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pathway of fatty acid and lead to more understanding in fatty acid metabolism of H. 
polymorpha.  In addition to the basic viewpoint, the knowledge gained in this research is 
considerably useful for modifying oils having potentially valuable fatty acid, -linolenic acid 
(GLA), arachidonic acid (AA), eicosapentaenoic (EPA) and docosahexaenoic acid (DHA) 
with pharmaceutical and biotechnological applications through metabolic pathway engineering 
of this alternative microorganism. 

 
1.5 วธีิการด าเนินการวิจยัโดยสรุป 
 1.5.1 Chemical mutation treatment  
 1.5.2 Screening and isolation of H. polymorpha mutants   
 1.5.3 Characterization of the mutants 
 1.5.4 Physiological study of the mutants 
  A) Growth determination 
   B) Analysis of fatty acid composition  
 1.5.5  Genetic study of the mutants 

A) Complementation study 
B) Cloning of novel gene(s) involved in fatty acid synthesis 

  
1.6 ประโยชน์ท่ีคาดวา่จะไดรั้บ  
 1.6.1  The mutant as useful tools for studying fatty acid and lipid metabolism in higher 
            eukaryotes 
 1.6.2  Gene(s) / enzyme(s) involved in fatty acid and lipid metabolism in eukaryotes 
 1.6.3  A mutant strain(s) with application in fatty acid production 
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เนื้ อเรือ่ง (Main body) 
 2.1 วิธดี าเนินการวิจัย (Materials & Method) 

2.1.1 Organisms  
  The auxotrophic strains ura3-1 (SH 4330) and ade1-1 (SH4331) of H. polymorpha were 
derived from CBS 1976 (NCYC 495), a gift from Prof. J.A.K.W. Kiel (University of Groningen, The 
Netherlands) and Prof. Satoshi Harashima (Osaka University, Japan). The ura3-1 strain was used as 
parental or wild type strain (WT) for generating and screening mutant strains. 

2.1.2 Media and cultivations 
  Standard yeast genetics methods were subjected for mating, sporulation and tetrad 
analysis (Gleeson and Sudbery 1988; Sherman et al. 1986). The yeast cells were grown either in complete 
medium (YPD) containing 1% yeast extract, 2% Bacto peptone and 2% glucose or in minimal medium 
(synthetic dextrose) containing 0.67% yeast nitrogen base without amino acids and 2% glucose. To screen 
the fatty acid auxotrophic mutants, C14:0, C16:0, C18:0, C16:1∆9, C18:1∆9, C18:2∆9,12 or C18:3∆9,12,15 
emulsifying in 1% Triton X-100 were supplemented in the media at the concentration of 0.5 to 1.5 mM. 
The transformation and genetic manipulation for Escherichia coli was described previously (Sambrook et 
al. 1989). 

2.1.3 Mutagenic treatment, screening and isolation of H. polymorpha mutants 
    Mutagenesis of H. polymorpha was performed by treatment with ethyl methanesulfonate 
(EMS) as previously described (Anamnart et al. 1998). Depending on a desired phenotype, mutagenized 
cells were plated onto either YPD supplemented with a mixture of saturated fatty acids (SFA; 0.5 mM 
each of C14:0, C16:0 and C18:0) or a mixture of monounsaturated fatty acids (MFA; 0.5 mM each of 
C16:1∆9 and C18:1∆9) or a mixture of polyunsaturated fatty acids (PFA; 0.5 mM each of C18:2∆9,12 and 
C18:3∆9,12,15) and incubated at 20 OC or 30OC until colonies appeared. The master plates were replica-
plated onto YPD plates for screening the fatty acid auxotrophic mutants. Based on the requirement of a 
specific fatty acid for the growth and the changes in gross morphology, determination of mutant growth 
on the media containing the individual fatty acids was further done for mutant grouping. The secondary 
screening of the mutants will be performed using analyses of fatty acid composition. 

2.1.4 Lipid extraction and fatty acid analyses 
  Lipids were extracted from cell homogenates as previously described (Anamnart et al. 
1998) or direct-transmethylation (Lepage and Roy 1984). Cellular fatty acid composition was analyzed by 
Agilent 6890N Series GC, using a Hewlett-Packard HP-INOWAX column (30 m x 0.32 mm x 0.25 m in 
film thickness) with a temperature gradient (10OC/min from 150OC to 180OC, 5OC/min from 180OC to 
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200OC, 0.5OC/min from 200OC to 205OC, 5OC/min from 205OC to 250OC and 5 min at 250OC). Fatty acids 
were identified by comparison their retention times with those of commercially available methyl ester 
standards.  

2.1.5 Oligonucleotides and genetic manipulations 
 Tetrad analyses of H. polymorpha were kindly done by Assoc. Prof. Yoshinobu Kaneko, 

performed as described (Gleeson and Sudbery 1988). Total RNA of H. polymorpha SH4330 was extracted 
by TRI reagent (Molecular Research Center) and used as template for first strand cDNA synthesis by 

reverse transcription-polymerase chain reaction (RT-PCR) using Superscript III reverse transcriptase 

(Invitrogen) and oligo-dT as primer. Based on available sequence information, the ∆12-desaturase 
cDNA of H. polymorpha (HpDES12) was amplified by using two degenerate primers (KL112-FD12 and 
KL113-RD12) designed from the conserved histidine domains (AHECGHQ and THVLHH) of ∆12-
desaturases of yeast and fungi. The 3’ end of the ∆12-desaturase cDNA was amplified by 3’-RACE 
method, using primer#7 and the synthesized first stand cDNA as template. For amplifying the partial ∆12-
desaturase cDNA, the nested PCR was done in which primer KL112-FD12 as sense primer and primer #8 
as antisense primer were used for the 1st  PCR following by 2nd PCR (KL114-3RACE and and primer #8 
were used as sense and antisense primers, respectively). The 5’ end of the ∆12-desaturase cDNA was 
amplified by 5’-RACE system for rapid amplification of cDNA ends version 2.0 (Invitrogen). Using total 
RNA of H. polymorpha SH4330 as template, the first strand cDNA was amplified by using KL113-RD12 
as primer and then RNA was removed by RNaseH treatment. To get dC-tailed first strand cDNA, dCTP 
was added to the first strand cDNA by enzyme terminal deoxynucleotidyl transferase (TdT). The dC-
tailed first strand cDNA was used as template for nested PCR; 1st PCR was performed using AAP and 
KL113-RD12 as sense and antisense primers, respectively following by 2nd PCR (AAP and KL115-
5RACE were used as sense and antisense primers). Finally, the complete open reading frame (ORF) of 
HpDES12 was amplified by using KL116-FD12 and KL117-RD12 primers. The oligonucleotides used in 
this study are shown in Table 1. 

 2.1.6 Analysis of the structural gene  
  Analysis of the amino acid sequences was performed using GENETYXE-WIN Version 
3.1. Hydropathy profiles were analyzed using a Kyte-Doolittle scale (Kyte and Doolittle 1982). 
Phylogenetic tree was generated using MAFFT program. 
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Table 1 Oligonucleotides used in this study 
Oligonucleotides Sequence 

KL112-FD12 5-GCN CAY GAR TGY GGN CAY CA-3 
KL113-RD12 5 TGR TGN ARN ACR TGN GT-3 
primer #7 5-GAG GAC TCG AGC TCA AGC TTT TTT TTT TTT TTT TT-3 
primer #8 5-GAG GAC TCG AGC TCA AGC-3 
KL114-3RACE 5-CAA CAC ACC GAT GTC TCG C-3 
AAP (Abridged anchor primer) 5-GGG CCA CGC GTC GAC TAG TAC GGG IIG GGI IGG GII G-3 
KL115-5RACE 5-CTT GTG AGG TGT CCG GTG-3 
KL116-FD12 5-CCC AAG CTT ATG TCG ACC ACT GTG ACA C -3 
KL117-RD12 5-TCC CCC GGG TCA AGA TTT TGG AGC CAC C -3 
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2.2 ผลการวิจัย (Results)  
2.2.1 Isolation and characterization of fatty acid auxotrophic mutants 

  Cells of H. polymorpha SH4330 (ura3-1) were subjected to EMS mutagenesis. To 
identify mutants with incapability of saturated fatty acid synthesis (sfa- mutants), the mutagen-treated 
cells were spread onto YPD agar supplemented with SFA. Colonies were then replicated onto the YPD 
medium. Therefore, cells defective in fatty acid synthesis, especially SFA synthesis, would fail to grow on 
YPD without SFA supplementation. From comparison of >20,000 colonies between the master and replica 
plates based on the growth ability, 30 presumptive mutants were identified and designated as S1 to S30  
After subculturing for 10 generations, only 24 mutants demonstrated their stable inability to proliferate on 
YPD agar without addition of exogenous SFA. In the same manner, mfa- and pfa- mutants were identified 
by their inability to proliferate on YPD agar without addition of exogenous MFA and PFA, respectively. 
After subculturing for 10 generations, only 2 mfa- and 8 pfa- mutants displayed their stable inability to 
proliferate on YPD agar without addition of exogenous MFA and PFA, respectively.          
  The sfa- mutants were further characterized on agar plates of YPD supplemented with 
either individual saturated fatty acids or the mixture of MFA or PFA (Table 2). Most of the sfa- mutants 
could grow on YPD supplemented with C14:0 as well as the mixture of SFA and could not grow on YPD 
supplemented with C16:0 or C18:0. The mutants S1, S2, S3, S4, S7, S15 and S29 could slightly grow on 
the media supplemented with C16:0. Obviously, only S1 was able to slightly grow on YPD with the 
mixture of MFA or PFA. Like in the Saccharomyces cerevisiae mutant defective in saturated fatty acid 
biosynthesis, the growth-promoting effect of long-chain fatty acids for the fas- mutant distinctly decreases 
from myristate to stearate (Schweizer and Bolling 1970). The mfa- mutants were characterized on YPD 
agar plates supplemented with either individual monounsaturated fatty acids or the mixture of SFA or 
PFA (Table 3). M84 and M85 showed the same phenotype that they could grow on YPD supplemented 
with C16:1∆9 as well as the mixture of MFA but could not grow on YPD supplemented with SFA. They 
had a slow growth on YPD supplemented with C18:1∆9 or the mixture of PFA. All of the pfa- mutants 
could grow on YPD supplemented with either the mixture of MFA or PFA or individual unsaturated fatty 
acids, C16:1∆9, C18:1∆9, C18:2∆9,12. It is noteworthy that, C18:3∆9,12,15 inhibited the growth of both 
wild type and pfa- mutants. This may a result of the toxic effect of the products caused by autooxidation 
of polyunsaturated fatty acids in cellular lipids (Bilinski et al. 1989).   
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Table 2 Growth phenotype of sfa- mutants grown on YPD with or without FA supplementation at 30OC, 
for 3-4 days  

Strains YPD 
YPD supplemented with FA  

SFA MFA PFA C14:0 C16:0 C18:0 
S1 - ++ + + ++ + - 
S2 - ++ - - ++ + - 
S3 - ++ - - ++ + - 
S4 - ++ - - ++ + - 
S5 - + - - ++ - - 
S6 - ++ - - ++ - - 
S7 - ++ - - ++ + - 
S9 - ++ - - ++ - - 

S11 - ++ - - ++ - - 
S12 - ++ - - ++ - - 
S14 - ++ + + ++ - - 
S15 - ++ - - ++ + - 
S16 - ++ - - ++ - - 
S17 - ++ - - ++ - - 
S18 - ++ - - ++ - - 
S19 - ++ - - ++ - - 
S20 - ++ - - ++ - - 
S22 - ++ - - ++ - - 
S23 - ++ - - ++ - - 
S24 - ++ - - ++ - - 
S27 - ++ - - ++ - - 
S28 - ++ - - ++ - - 
S29 - ++ - - ++ + - 
S30 - + - - ++ - - 

SH4330 +++ +++ +++ +++ +++ +++ +++ 
Note: +++ means fast growth, ++ means growth, + means slow growth, + means poor growth, - means no 
growth  
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Table 3 Growth phenotype of mfa- mutants grown on YPD with or without FA supplementation at 30OC, 
for 3-4 days  

Strains YPD 
YPD supplemented with FA 

SFA MFA PFA C16:1∆9 C18:1∆9 
M84 - - ++ + ++ + 
M85 - - ++ + ++ + 

SH4330 +++ +++ +++ +++ +++ +++ 
Note: +++ means fast growth, ++ means growth, + means slow growth, - means no growth  
    
Table 4 Growth phenotype of pfa- mutants grown on YPD with or without FA supplementation at 20OC 
for 7 days  

Strains YPD 
YPD supplemented with FA 

SFA MFA PFA C16:1∆9 C18:1∆9 C18:2∆9,12 C18:3∆9,12,15 

P36 - - ++ ++ ++ ++ + - 
P37 - - ++ ++ ++ ++ ++ - 
P49 - - + ++ + ++ + - 
P52 - - + ++ + ++ + - 
P55 - - ++ ++ ++ ++ ++ - 
P60 - - + + + + + - 
P62 - - + ++ + + + - 
P63 - - + ++ + + + + 

SH4330 +++ +++ +++ +++ +++ +++ +++ + 
Note: +++ means fast growth, ++ means growth, + means slow growth, + means poor growth, - means no 
growth  
 

2.2.2 Fatty acid compositions of H. polymorpha fatty acid auxotrophic mutants 
  Fatty acid compositions of the WT and the sfa- mutant strains cultivated in YPD 
supplemented with C14:0 or SFA are presented in Table 5. As observed in H. polymorpha strains 
examined, fatty acids supplied to yeast cells in the growth media were found to be preferentially 
incorporated into the cells during the cultivation and become a major fraction of the cellular fatty acids 
(Anamnart et al. 1998; Rakpuang 2009) in contrast with the cultures supplemented with exogenous C14:0. 
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In this study, the exogenous C14:0 was not highly accumulated in cells of the both WT and the sfa- 
mutants. These may a cause of the cell response to maintain proper C14:0 homeostasis, which is a critical 
mechanism of the cells (Orme et al. 1972).          
  Myristate is essential for eukaryotic cells, not only to provide a concentrated engery 
source and to serve as an important building block for membrane structure, but also to mediate post-
translation modification of proteins (Cross 1987, Towler et al. 1987). A deficit in the myristoyl-CoA pool 
leads to arrest of cell growth in yeast (Duronio et al. 1991). In contrast, excess intracellular accumulation 
of the free-fatty acid can be toxic (Oshiro et al. 2003; Tong et al. 2006). Prasitchoke and coworkers (2008) 
found that C14:0, but not other fatty acids, caused severe growth retardation in Hpelo1∆ and Hpelo2∆ 
mutants of yeast H. polymorpha, defective in elongation of very long-chain fatty acids. Thus, it is 
important to understand how cells regulate the C14:0 pool, and that of other fatty acids. From the results 
of fatty acid analysis, two sfa- mutants S7 and S16 showed significant difference in the fatty acid 
composition. It is clear that S7 defected in the production of PUFAs as the absence of C18:2∆9,12 and 
C18:3∆9,12,15 in its fatty acid profile. We simply assumed that S7 may have a defect of ∆12-desaturase 
activity. However, S7 required the saturated fatty acids for growth. This might be a possibility that S7 had 
double mutation, while S16 significantly accumulated medium-chain saturated fatty acids, C12:0 and 
C14:0. Myristoyl-CoA pool in S16 mutant could be changed by the dynamic interplay between non-Fas 
acyl chain elongation systems and degradative pathways.    
  Fatty acid compositions of the WT and the mfa- and pfa- mutant strains cultivated in 
YPD supplemented with C16:1∆9 are presented in Table 6. We designed to use C16:1∆9 as exogenous 
uasaturated fatty acid for supplementing growth of the both mfa- and pfa- mutants for fatty acid analysis 
because of H. polymorpha WT usually contains very small amount of C16:1∆9 (Anamnart et al. 1998) 
and the both mfa- and pfa- mutants could grow on the media supplemented with either C16:1∆9 or 
C18:1∆9. The changes in fatty acid profile occurred when the culture was exposed to supplemented fatty 
acid implies that there was a modification of the activity of enzymes involved in fatty acid synthesis, 
elongation, desaturation, and -oxidation. The data obtained from the analysis of the cell culture of mfa-, 
pfa- mutants and WT that grown in the presence of C16:1∆9 showed a high level of unknown fatty acid 
(supposed to be 16:1∆9,12). These data evidently showed that C16:1∆9 and its derivatives were 
incorporated into lipid-containing cell constituents instead of the C18 unsaturated fatty acids.    
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Table 5 Fatty acid composition (% of total fatty acids) of wild type and sfa- mutant of H. polymorpha   
Strain C12:0 C14:0 C16:0 C16:1∆9 C16? C17:0 C18:0 C18:1∆9 C18:1∆11 C18:2∆9,12 C18:3∆9,12,15 

S1a 0 1.32 10.68 2.26 2.24 3.06 4.07 18.10 1.97 42.84 8.51 
S2a 0 1.09 13.96 2.62 3.57 1.54 4.89 9.56 3.50 40.16 11.19 
S3a 0.16 1.39 7.58 2.34 3.34 1.60 4.78 11.22 2.68 45.93 12.78 
S4a 0 3.60 14.20 3.05 3.60 1.12 4.89 8.49 2.28 41.87 14.78 
S5a 0 2.16 12.65 2.14 1.59 0 5.68 15.97 2.75 39.67 14.77 
S6a 0 1.81 12.39 2.82 3.88 1.11 5.00 8.81 3.83 39.98 12.15 
S7a - 1.37 32.04 6.08 0 - 12.97 34.33 0 0 0 
S7b - 1.17 24.08 2.79 0 - 14.48 42.34 0 0 0 
S9a 0.19 1.35 13.57 3.45 3.86 1.28 4.76 9.96 3.52 40.83 10.79 
S11a 0 1.57 13.46 3.02 4.32 1.50 6.37 9.23 3.58 40.90 11.59 
S12a 0 0.68 8.85 1.07 1.93 1.76 6.99 9.96 3.53 41.05 15.10 
S15b - 0.92 19.84 1.18 0 - 11.49 10.56 0 34.20 8.28 
S16a 30.75 8.78 10.20 1.29 2.03 0 3.17 5.16 0 20.90 7.32 
S17a 0 2.36 15.84 2.57 2.56 1.21 7.94 11.31 1.97 37.26 13.30 
S18a 0 1.16 11.60 2.39 3.23 1.36 5.02 10.01 3.55 38.92 15.26 
S19a 0.20 1.52 16.12 1.97 3.26 1.34 9.74 8.28 2.97 31.53 13.98 
S20a 0 1.33 13.13 1.73 2.61 0 4.71 8.37 2.96 41.85 17.91 
S22a 0 2.35 14.65 2.77 3.61 0 4.96 8.49 2.45 38.60 15.53 
S23a 0.19 1.38 13.38 2.49 2.94 1.35 7.41 8.75 3.38 35.87 14.49 
S24a 0 1.48 12.61 3.26 4.33 0 4.62 7.95 3.85 42.64 17.48 
S27a 0 6.04 17.45 3.91 4.26 1.29 7.18 8.95 0 35.34 13.29 
S28a 0 1.20 11.80 2.26 3.36 1.71 6.19 10.57 3.36 40.79 11.55 
S29a 0 1.95 11.35 3.16 3.83 1.16 3.85 10.60 3.81 44.14 11.03 
S30a 0.19 2.44 22.31 1.98 2.55 0.91 7.04 14.20 2.88 34.09 9.65 
WTa - 2.93 26.04 4.40 0 - 8.09 23.70 0 22.24 5.31 
WTb - 1.32 23.81 2.61 0.56 - 5.38 31.73 0 18.23 2.04 
aFatty acid composition in cells grown on YPD+C14:0 (0.5 mM) at 30OC, 150 rpm for 48 h. 
bFatty acid composition in cells grown on YPD+SFA (0.5 mM each of C14:0, C16:0, C18:0) at 30OC, 150 

rpm for 24 h and then transfer to YPD to prolonged cultivation for 24 h.  
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Table 6 Fatty acid composition (% of total fatty acids) of wild type H. polymorpha and mfa- and pfa- 
mutants  
Strain C12:0 C14:0 C16:0 C16:1∆9 C16? C17:0 C18:0 C18:1∆9 C18:1∆11 C18:2∆9,12 C18:3∆9,12,15 

M84c 0 0.83 30.58 24.77 9.89 0.48 30.38 0 1.13 0 0 
M85c 0.14 0.93 29.97 22.84 9.63 0.52 31.34 1.92 1.07 0 0 
P36c 0.12 1.18 25.69 19.52 10.92 0 24.44 4.77 2.56 6.15 0 
P37c 0.14 1.10 18.18 33.19 11.80 0.64 12.50 5.74 9.14 4.94 0 
P52c 0.14 0.84 24.56 31.16 13.99 0 20.53 1.38 1.85 1.39 0 
P52d 0.10 0.69 21.17 1.47 0.52 1.08 4.81 23.38 0 38.37 6.19 
P55c 0 0.72 15.89 52.48 5.56 1.41 10.87 1.50 10.09 0 0 
P60c 0 1.02 25.56 31.56 18.39 0 19.74 0 0 0 0 
P63c 0 0.61 20.57 37.84 15.04 0.53 19.17 0 2.49 0 0 
WTc - 0.45 16.38 32.63 3.70 - 7.36 7.93 9.17 7.00 0.85 
cFatty acid composition in cells grown in YPD+C16:1∆9 (0.5 mM) at 30OC, 150 rpm for 48 h. 
dFatty acid composition in cells grown in YPD+C18:1∆9 (0.5 mM) at 30OC, 150 rpm for 48 h. 
C16? was supposed to be C16:2∆9,12 because it has been reported in the previous study in a similar 
fashion (Lu et al. 2000; Anamnart et al. 1998). 
   

2.2.3 Genetic analysis of the saturated fatty acid auxotrophic mutant (S7) 
  We further investigated S7 mutant by constructing diploid hybrid (H69) between S7 sfa- 
auxotrophic mutants (ura3-1) and WT strains (ade1-1). It was observed that the diploid was prototrophic 
for SFA, indicating the recessiveness of mutation in the mutant. Tetrad analysis of the hybrid diploid 
demonstrated 2 Sfa+ : 2 Sfa- segregation in l0 tetrads, indicating that single nuclear mutation conferred 
Sfa- phenotype on the mutant (Table 7). However, from the result of fatty acid composition S7 was 
defective in the production of C18:2∆9,12 and C18:3∆9,12,15 (Table 5). We assumed that if S7 had two 
lesions or double mutation (Hpsfa7, Hpdes12), we could able to separate the two mutants by tetrad 
analysis. For this purpose, we picked up the meiotic segregants of two asci to analyse fatty acid 
composition. The results (Table 8) showed that S7 had double mutation (Hpsfa7, Hpdes12) and we could 
separate Hpsfa7 (in H69-2A and H69-2B) and Hpdes12 (in H69-2C and H69-2D) from each other. Both 
H69-2C and H69-2D showed Sfa+ phenotype and grew on YPD without fatty acid supplementation 
indicating that the lesion at 12-desaturation (Hpdes12) of the mutant did not affect cell growth (Table 7).   
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Table 7 Phenotype of the meiotic segregants from three asci of diploid hybrid (H69) between S7 saturated 
fatty acid auxotrophic mutants (ura3-1) and H. polymopha WT strains (ade1-1) 
 

YPD+C14:0 YPD 
Drop Out medium (amino acid/base) + C14:0 

Ade- Leu- Ura- Ade-Leu-Ura- Synthetic Complete 

H69-1A + - + + - - + 
H69-1B + - - + - - + 
H69-1C + + + + + + + 
H69-1D + + - + + - + 
H69-2A + - + + - - + 
H69-2B + - - + - - + 
H69-2C + + - + + - + 
H69-2D + + + + + + + 
H69-3A + - + + - - + 
H69-3B + - - + - - + 
H69-3C + + + + + + + 
H69-3D + + - + + - + 

H69 + + + + + + + 
SH4331 + + - + + - + 

S7 + - + + - - + 
Note:    + means Growth; - mean No growth 

Table 8 Fatty composition of the meiotic segregants of H69 grown in the YPD medium supplemented with 
C14:0 at 30°C 

Segregant 
Fatty acid composition (% in TFA) 

C14:0 C16:0 C16:1∆9 C18:0 C18:1∆9 C18:2∆9,12 C18:3∆9,12,15 

H69-1A (ura3-1,  Hpsfa7, Hpdes12)  15.4 18.9 20.4 6.2 39.1 0.0 0.0 

H69-1B (ade1-1, ura3-1, Hpsfa7, Hpdes12)  5.8 15.6 18.4 7.6 52.6 0.0 0.0 

H69-1C (Prototroph)  6.4 18.6 16.8 8.2 24.3 20.2 5.4 

H69-1D (ade1-1)   5.2 19.4 13.2 7.8 24.9 24.6 4.9 

H69-2A  (ura3-1,  Hpsfa7) 7.8 17.4 12.0 5.0 27.7 23.9 6.3 

H69-2B (ade1-1, ura3-1, Hpsfa7) 18.6 19.4 12.2 3.1 11.7 23.3 11.6 

H69-2C (ade1-1, Hpdes12) 6.0 22.4 16.1 5.5 50.0 0.0 0.0 

H69-2D (Hpdes12)  2.7 14.7 16.8 3.7 62.1 0.0 0.0 
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2.2.4 Characterization of Hpsfa7 mutation 
  To clarify the phenotype of Hpsfa7, we conducted the comparison of S7 parental strain 
(Hpsfa7, Hpdes12) and its segregants, H69-2A and H69-2B (Hpsfa7), by growing them on the media that 
supplemented with various fatty acids (Figures 1-3). Results showed that the segregant H69-2B displayed 
similar properties to parental mutant (S7) on media supplemented with various fatty acids in contrast to 
H69-2A. At 30OC, the mutant S7 and its segregant H69-B could slightly grow on YPD supplemented with 
C16:0 but H69-2A could not. However, the segregant H69-2A could be rescued by exogenous C16:0 at a 
higher temperature, 42OC (Figure 2).  

                                

                                

                               
              Figure 1 Serial dilution of H. polymorpha SH4330 (WT), SH4331 (WT), S7 (Hpsfa7, Hpdes12), 

H69-2A (Hpsfa7) and H69-2B (Hpsfa7) on the YPD media supplemented with C14:0 
(0.5 mM, 1.0 mM), C16:0 (0.5 mM, 1.0 mM), C18:0 (0.5 mM, 1.0 mM) 
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 In S. cerevisiae, treatment of strains containing nmt1-181 with cerulenin, the antibiotic which 
inhibits fatty acid synthetase activity, causes growth arrest at 24, 30 and 36OC. This arrest can be reversed 
by adding exogenous myristate but not palmitate to the medium, suggesting that metabolic interconversion 
of C16:0 to C14:0 is not sufficient to restore myristoyl-CoA pools to a level that permits growth of this 
mutant (Duronio et al. 1991). The S. cerevisiae nmt1-181 mutant without cerulenin was able to grow in 
YPD supplemented with 1mM palmitate at 24OC but was not able to grow at 30 and 36OC (Duronio et al. 
1992).  
 Moreover, at 30OC the combination of C16:0, C18:0 and C18:2 could rescue the lethality of H69-
2A, while mixture of C16:0+C18:0 or only C18:2 could not support the growth. 

                            
 Figure 2 Effect of temperature on the growth of H69-2A segregant. Serial dilution of H.  
  polymorpha SH4330 (WT), SH4331 (WT), S7 (Hpsfa7, Hpdes12), H69-2A (Hpsfa7) and  
  H69-2B (Hpsfa7) on the YPD media supplemented with C16:0 and C18:0 (0.5 mM each) 
  incubated at 30OC and 42OC.    

                                     
 Figure 3 Supplementaton of a mixture of C16:0, C18:0 and C18:2 rescued the lethality of H69-2A 
  segregant at 30OC. Serial dilution of H. polymorpha SH4330 (WT), SH4331 (WT), S7 
  (Hpsfa7, Hpdes12), H69-2A and H69-2B (Hpsfa7) on YPD media supplemented with 
  C18:2 (1.5 mM) or the mixture of C16:0, 18:0 and C18:2 (0.5 mM each). 
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2.2.5 Cloning and sequencing of the HpDES12 of H. polmorpha SH4330 and Hpdes12 of S7  
  Based on available sequence information, the 12-desaturase cDNA was cloned from H. 
polymorpha SH4330 by RT-PCR using two degenerate primers designed from the conserved histidine 
domains (AHECGHQ and THVLHH) of 12-desaturases of yeast and fungi (Passorn et al. 1999). The 5’ 
and 3’ ends of the 12-desaturase cDNA were amplified by RACE method (as described in materials and 
methods 2.1.5). Sequence analysis of the full length cDNA of H. polymorpha showed an open reading 
frame of 1215 bp encoding for 404 amino acid residues (GenBank Accession No. GU226432) (Figure 4).  

 
  ATGTCGACCACTGTGACACAACGCCGTTTTGGTGACAAGTCTACCAAAGGGCTGCGCGCT  60 

   M  S  T  T  V  T  Q  R  R  F  G  D  K  S  T  K  G  L  R  A  
  ATAGACACCGAGGGCAACGAGTTCCAAGTGCCAGACTACTCCATTAAGGAGATTTTGGAC 120 

   I  D  T  E  G  N  E  F  Q  V  P  D  Y  S  I  K  E  I  L  D  

  AGTATCCCTAAAGAGTGTTTCGAACGCAGACTGACCACGTCCTTTTATTACGTTTTCAGA 180 

   S  I  P  K  E  C  F  E  R  R  L  T  T  S  F  Y  Y  V  F  R  
  GATATTGCCGTTTGTCTCGCCATGGGCTGGGTGGCCAATACATACATTCCGCAGGTTCCC 240 

   D  I  A  V  C  L  A  M  G  W  V  A  N  T  Y  I  P  Q  V  P  

  TGGGCAGCCTTGAGAGGCGCCTTGTGGCTTGGTTACGCGATCCTGCTGTCGCTGCCTTAT 300 

   W  A  A  L  R  G  A  L  W  L  G  Y  A  I  L  L  S  L  P  Y  

  ACTGGACTATGGGTTTTGGGACACGAGTGCGGCCACCAGGCATTTTCGGACTACGGCTGG 360 

   T  G  L  W  V  L  G  H  E  C  G  H  Q  A  F  S  D  Y  G  W  
  CTTAACGACACTGTGGGATGGATCATCCACTCCTACTTGTTCGTTCCGTACTTCTCCTGG 420 

   L  N  D  T  V  G  W  I  I  H  S  Y  L  F  V  P  Y  F  S  W  

  AAATACAGCCACGGCAAGCACCACAAGGCCACCGGACACCTCACAAGGGATATGGTTTTC 480 

   K  Y  S  H  G  K  H  H  K  A  T  G  H  L  T  R  D  M  V  F  

  GTTCCTAAGACTGTTGAGGAGTTCAAGAAAGAGCGGGCAGGGGATTCGCGTGTGAAGCTC 540 

   V  P  K  T  V  E  E  F  K  K  E  R  A  G  D  S  R  V  K  L  
  AGTGAGCTTTCTGAGGACACTCCAATCCAGACCCTGACGTCGTTGCTAATGCAGCAGTTT 600 

   S  E  L  S  E  D  T  P  I  Q  T  L  T  S  L  L  M  Q  Q  F  

  GGAGGCTGGTGGTGGTATCTGTTGACCAACGTCACTGGCCAAAAATACCCAGACCACAAC 660 

   G  G  W  W  W  Y  L  L  T  N  V  T  G  Q  K  Y  P  D  H  N  
  AAGTTTGCCGTGTCGCACTTCAACCCTGCGTCGCCGATCTTTGAGAAGCGCGATTACTGG 720 

   K  F  A  V  S  H  F  N  P  A  S  P  I  F  E  K  R  D  Y  W  
  TACGTCGTGCTCTCCGACATCGGCGTGCTGGCGCAGTCGTTTGTGGTGTACCAGTGGTGC 780 

   Y  V  V  L  S  D  I  G  V  L  A  Q  S  F  V  V  Y  Q  W  C  
  AAGAGCTTTGGAGGCTTCCACTGCTTCATCAACTGGTTTCTGCCATACGTTTTCACCAAC 840 

   K  S  F  G  G  F  H  C  F  I  N  W  F  L  P  Y  V  F  T  N  
  CATTGGCTTGTGTTCATCACGTATCTGCAACACACCGATGTCTCGCTGCCTCACTACGAC 900 

   H  W  L  V  F  I  T  Y  L  Q  H  T  D  V  S  L  P  H  Y  D  
  AACAACGAATGGACATTTGCTAGAGGCGCCGCCGCCACGATCGATAGAGAGTTTGGCTTC 960 

   N  N  E  W  T  F  A  R  G  A  A  A  T  I  D  R  E  F  G  F  
  GTTGGCTGGTTTTTTTTCCACGATATTATAGAGACCCACGTTCTGCACCACTACGTTTCC        1020 
   V  G  W  F  F  F  H  D  I  I  E  T  H  V  L  H  H  Y  V  S  
  CGTATTCCGTTCTACAACGCTAGGCCGGCCACTGAGGGCATCAAGAAGGCCATGGGCATC        1080 
   R  I  P  F  Y  N  A  R  P  A  T  E  G  I  K  K  A  M  G  I  

  CATTACCGCCACAGCGACGAGTCCATGTGGTACACTCTGTGGAAATCCGCCAAGGCGTGC        1140 
   H  Y  R  H  S  D  E  S  M  W  Y  T  L  W  K  S  A  K  A  C  
  CAGTTCGTGGAGGGTGATAACGGTGTTAGGATGTTCCGCAATATAAACGGTGTGGGGGTG        1200 
   Q  F  V  E  G  D  N  G  V  R  M  F  R  N  I  N  G  V  G  V  
  GCTCCAAAATCTTGA                                1215 
   A  P  K  S  *  

 

Figure 4 The nucleotide sequence of HpDES12 of  H. polymorpha SH4330 and its deduced  
               amino acid sequence.   
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The deduced amino acid sequences exhibited homology with the 12-desaturases of other 
organisms including yeast, fungi and plants. Moreover, three histidine-rich motifs with eight invariant 
histidine residues are presented in the hydrophilic parts (Figure 5) that have been proposed to be essential 
for catalytic function of the enzyme (Passorn et al. 1999).  

 
Mucor MATKRNVTSNAPAAEDISISNKAVIDE-AIERNWEIP-------N-FT-----IKEIRDA 46  
Pichia MSAVTVTGNNGDASRSNTTTTTKRTGNVSSFSQSKGLTAIDTWGNVFKVPDFTIKQILDA 60  
Mortierella MAPPNTIDAGLTQRHITTTAAP-TSAKPAFERNYQLP-------E-FT-----IKEIREC 46  
Hansenula MSTTV---------------TQRRFGDKST----KGLRAIDTEGNEFQVPDYSIKEILDS 41                                                            

 

 Mucor IPAHCFRRDTFRSFTHVLHDIIIMSILAIGASYIDSIPNTY---ARIALWPLYWIAQGIV 103  
Pichia  IPKHCYERRLTTSFYYVFRDIFLIGCT-M-FMGS-FIPMIENVFLRGAAYAALVFLLSVE 117 
Mortierella IPAHCFERSGLRGLCHVAIDLTWASLLFLAATQIDKFENPL---IRYLAWPAYWIMQGIV 103  
Hansenula  IPKECFERRLTTSFYYVFRDIAV--CLAMGWVANTYIPQVPWAALRGALWLGYAILLSLP 199                                      
 

Mucor GTGVWVIGHECGHQAFSPSKTINNSVGYVLHTALLVPYHSWRFSHSKHHKATGHMSKDQV 163  
Pichia YTGLWVLAHECGHQAFSDYGWVNDTVGWILHSYLLVPYFSWKYSHGKHHKATGHLTRDMV 177 
Mortierella  CTGIWVLAHECGHQSFSTSKTLNNTVGWILHSMLLVPYHSWRISHSKHHKATGHMTKDQV 163 
Hansenula  YTGLWVLGHECGHQAFSDYGWLNDTVGWIIHSYLFVPYFSWKYSHGKHHKATGHLTRDMV 159                                       
   

Mucor FVPSTRKEYGLPPREQDPEVDGPHDA---LDEAP-IVVLYRMFLQFTF-GWPLYLFTNVS 218  
Pichia FVPATKEKFLEKRNAS---KLG--E----LGEDAPIFTLYQLVAQQ-LGGWILYLFTNVT 227 
Mortierella  FVPKTRSQVGLPPKESAAAAVQEEDMSVHLDEEAPIVTLFWMVIQFLF-GWPAYLIMNAS 222 
Hansenula  FVPKTVEEFKKERAGDSRVKLS--E----LSEDTPIQTLTSLLMQQ-FGGWWWYLLTNVT 212                                      
 
Mucor  GQDYPGWAS----HFNPKCAIYDENQFWDVMSSTAGVLGMIGFLAYCGQVFGSLAV-IKY 273 
Pichia  GQPYPNTPKWMQNHFVPSSPIFEKKDYWFIILSDLGILAQLMVL-YVWRQQMGNWNLFIY 286 
Mortierella  GQDYGRWTS----HFHTYSPIFEPRNFFDIIISDLGVLAALGALIYASMQLSLLTV-TKY 277 
Hansenula  GQKYPDHNKFAVSHFNPASPIFEKRDYWYVVLSDIGVLAQSFVV-YQWCKSFGGFHCFIN 271                                      
   
Mucor  YVIPYLNVNFWLVLITYLQHTDPKLPHYRENVWNFQRGAAL-TVDRSYG-FLLDY-FHHH 330  
Pichia  WFLPYVLTNHWLVFITFLQHSDPTMPHYEAEQWTFARGAAAT-IDREFGFIG-PFFFHDI 344 
Mortierella  YIIPYLFVNFWLVLITFLQHTDPKLPHYREGAWNFQRGA-LCTVDRSFGKF-LDHMFHGI 335 
Hansenula  WFLPYVFTNHWLVFITYLQHTDVSLPHYDNNEWTFARGAAAT-IDREFGFVG-WFFFHDI 329                                         
 

Mucor  ISDTHVAHHFFSTMPHYHAEEATVHIKKALGKHYHCDNTPVPIALWKVWKSCRFVEDEGD 390 
Pichia  IET-HVLHHYVSRIPFYNAREASEGIKKVMGEHYRYSGENMWVSLWKSGRSCQFVDGENG 403 
Mortierella  V-HTHVAHHLFSQMPFYHAEEATYHLKKLLGEYYVYDPSPIVVAVWRSFRECRFVEDHGD 394 
Hansenula  IET-HVLHHYVSRIPFYNARPATEGIKKAMGIHYRHSDESMWYTLWKSAKACQFVEGDNG 388                                      
 

Mucor  VVFFKN------------                                           396  
Pichia  VKMYRNINNWGIGTGEK-                                           420 
 Mortierella VVFFKK------------                                               400  
Hansenula  VRMFRNIN--GVGVAPKS                                           404                       
 

 

Figure 5 Alignment of the amino acid sequence of 12-desaturase of H. polymorpha SH4330, 
Pichia pastoris, Mucor circinelloides and Mortierella alpina. Histidine-rich motifs are 
shown on black background. 
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However, it had the highest similarity to the 12-desaturase of yeast that corresponds to 
the result of phylogenetic analysis (Figure 6). The conserved characteristics of membrane-bound 
desaturases were found in the H. polymorpha gene (Lost and Murata 1998). Two long hydrophobic 
regions, which are membrane spanning domains, were observed (Figure 7).  

 
 Figure 6 Phylogenic relationships of 12-desaturases of various organisms.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 Hydropathy analysis of 12-desaturases of H. polymorpha SH4330 (A), Aspergillus oryzae (B) 
 and Mortierella alpina (C) by using Kyte-Doolittle scale. X-axis is the number of amino acid. 
 Bars indicate hydrophobic domains. 
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 Hpdes12 was also cloned from cDNA of H. polymorpha S7 mutant. We found that the 
nucleotide sequence of Hpdes12 at nt +245 relative to translation start site (ATG) was changed from G to 
A leading to missense mutation that tryptophan was changed to stop codon (TGG to TGA) (data not 
shown).  
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อภิปราย/วิจารณ ์(Discussion) 
 
 Sfa- phenotype of the H. polymorpha saturated fatty acid auxotrophic (sfa-) mutants can be fully 
suppressed by supplementing media with myristate (C14:0), but not longer chain saturated fatty acids 
(C16:0, C18:0) that was closely similar to fas-15 and nmt1-181 phenotypes of S. cerevisiae defective in 
the function of fatty acid synthetase complex and N-myristoyltransferase (NMT), respectively (Johnson et 
al. 1994; Duronioet al. 1992, Duronioet al. 1991; Schweizer and Bolling 1980). At least two pathways are 
available for generating myristoyl-CoA, de novo synthesis by fatty acid synthetase complex (FAS) and 
activation of exogenous myristate by acyl-CoA synthetase. The de novo pathway for production of long 
chain acyl-CoAs in S. cerevisiae requires acetyl-CoA carboxylase (ACC), which produces malonyl-CoA 
for utilization by FAS (Mishina et al., 1980). FAS produces palmitoyl-CoA and stearoyl-CoA as its 
principal products (Lynen, 1980). Myristoyl-CoA is a minor product representing 3-5% of the total acyl-
CoAs produced by FAS in vitro and in vivo (Singh et al., 1985). Considering that C14:0 is an essential 
and multi-functional fatty acid in a variety of organisms although it comprises a small fraction of cellular 
fatty acids (1-5% fatty acids). These may a cause of the cell response to maintain proper C14:0 
homeostasis that is a critical mechanism of the cells (Orme et al. 1972). As though, the exogenous C14:0 
was not highly accumulated in cells of the both H. polymorpha WT and the sfa- mutants, except S16 
mutant. In S. cerevisiae, the FAA1 (fatty acid activation) gene is required for the utilization of exogenous 
myristate by NMT and for the synthesis of several phospholipid species. Supplementation of cellular 
myristoylCoA pools through activation of imported myristate is predominantly a function of Faa1p, 
although Faa4p contributes to this process (Johnson et al. 1994). The H. polymorpha S16 mutant may be 
mutated in the gene that responsible for targeting imported fatty acids to peroxisomal -oxidation 
pathways, consequently, it accumulated medium-chain saturated fatty acids, C12:0 and C14:0. For the 
lesion at ∆12–desaturation (Hpdes12) of the segregants of H. polymorpha S7 mutant having Sfa+ 
phenotype, the sequence analysis of its cloned 12-desaturase gene confirms that the defect of PUFA 
synthesis was a result of missense mutation at the coding sequence of 12-desaturase gene. However, the 
lack of intracellular PUFAs of the mutant did not affect cell growth. The question is how C18:2∆9,12 and 
C18:3∆9,12,15 the products of 12-desaturase have any important function in cells. As the result of fatty 
acid supplementation, the combination of C16:0, C18:0 and C18:2 could promote the growth of S7 better 
than that supplemented with a mixture of saturated fatty acids (C16:0+C18:0), particularly at 30°C as 
shown in Figures 2 and 3. These results indicate the C18 PUFAs might play a role in adaptation of cell to 
environmental stress, such as oxidative stress response and proteasomal activity similar to the previous 
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study in the PUFA producing strain of S. cerevisiae carrying the M. rouxii 12 and 6-desaturase genes 
(Ruenwai et al. 2011). Therefore, these mutants obtained are useful for further study of role of specific 
fatty acids on cell function of eukaryotes. 
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สรุปและเสนอแนะ (Summary) 

 
  Fatty acids are essential compounds in the cell. The bulk of cellular fatty acids that serve 
structural and biological functions contain acyl chain of 14-18 carbon atoms in length. Almost all 
subcellular organelles are involved in fatty acid metabolism; thus, maintenance of fatty acid homeostasis 
requires regulation at multiple levels. In this study, a number of H. polymorpha mutants defecting in fatty 
acid synthesis and having apparently altered phenotypes including growth, fatty acid composition was 
screened and selected. Based on the growth phenotype, the mutants were classified into two groups. One 
requires saturated fatty acids for growth (sfa- mutamts) and the other requires unsaturated fatty acids (mfa- 
and pfa- mutants). From the results of fatty acid analysis, two sfa- mutants S7 and S16 showed significant 
difference in the fatty acid composition compared with the wild type. The S7, which is a sfa- mutamt, was 
unable to produce C18:2∆9,12 and C18:3∆9,12,15 that was caused from the missence mutation at ∆12-
desaturase gene based on comparison between the nucleotide sequence of the cloned genes of the wild 
type and the mutant strains. This result indicates that it had double mutation when combined with the 
results of tetrad analysis and growth phenotype. The another sfa- mutant S16 significantly accumulated 
medium-chain saturated fatty acids, C12:0 and C14:0. Myristoyl-CoA pool in S16 mutant might be 
changed by the dynamic interplay between non-Fas acyl chain elongation systems and degradative 
pathways.  

Further investigation was implemented using the mutants as tool for dissecting the role of fatty 
acid on cell response at particular conditions. Tetrad analysis provided us the Hpsfa7 (H69-2A and H69-
2B) and Hpdes12 (H69-2C and H69-2D) segregants. Although H69-2C and H69-2D having Sfa+ 
phenotype was not able to synthesize C18 PUFAs, they grew normally on YPD without requirement of 
exogenous fatty acid indicating that the lesion at 12-desaturase (Hpdes12) or in turn the absence of C18 
PUFAs of the mutant did not affect cell growth. We found a difference between H69-2A and H69-2B on 
their growth at 30OC. Possibly, H69-2A segregant had a mutation at other lesion in addition to the defect 
of fatty acid synthesis. In addition to the mutants characterized in this study, other several mutants are of 
interest based on their fatty acid and growth phenotypes, which should be further characterized. Not only 
fatty acid composition, the lipid composition and content of the mutants should be analyzed. These 
mutants are useful tools for addressing the association between fatty acid metabolism, cell physiology and 
function that may enhance cell properties as a host system for producing valuable metabolites.  
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อุตสาหกรรม จากสถาบนัเทคโนโลยชีีวภาพและวศิวกรรมพนัธุศาสตร์  จุฬาลงกรณ์
มหาวทิยาลยั  ปี 2550) 

7.2.3 การสกดัน ้ามนัจากเมล็ดแมงลกัและคุณสมบติัการพองตวัของสารเมือกจากกากท่ี เหลือ (ทุน
รัชดาภิเษก จุฬาลงกรณ์มหาวิทยาลยั ปี 2550) 

7.2.4 การศึกษาแบบแผนกรดไขมนัของเพรียงทรายจากฟาร์มเล้ียงและจากธรรมชาติ (ทุนส านกังาน
คณะกรรมการวจิยัแห่งชาติ (วช.) ปี 2551) 



 29 

7.2.5 การศึกษาทางอณูพนัธุศาสตร์ของการสังเคราะห์กรดไขมนัและไขมนัในยสีต ์Hansenula 
polymorpha (เงินทุนอุดหนุนงบประมาณแผน่ดินประจ าปี 2551 – 2553) 

      7.3 งานวจิยัท่ีท าเสร็จแลว้  
7.3.1 Anamnart, S., Tomita, T., Fukui, F., Fujimori, K., Harashima, S., Yamada, Y. and Oshima, 

Y. (1997) The P-OLE1 gene of Pichia angusta encodes a 9-fatty acid desaturase and 
complements the ole1 mutation of Saccharomyces cerevisiae.  Gene 184, 299-306. 

7.3.2 Anamnart, S., Tolstorukov, II., Kaneko, Y. and Harashima, S. (1998) Fatty  acid 
desaturation in methylotrophic yeast Hansenula polymorpha strain CBS 1976 and 
unsaturated fatty acid auxotrophic mutants.  J. Ferment. Bioeng. 85, 476-482. 

7.3.3 Fujimori, K., Anamnart, S., Nakagawa, Y., Sugioka, S., Oshima, Y., Yamada, Y. and 
Harashima, S.  (1997) Isolation and characterization of mutations affecting expression of 
the 9- fatty acid desaturase gene,OLE1, in Saccharomyces cerevisiae.  FEBS Lett. 413, 
226-230. 

7.3.4 Lu, S.F., Tolstorukov, I.I., Anamnart S., Kaneko, Y., Harashima, S. (2000) Cloning, 
sequencing, and functional analysis of H-OLE1 gene encoding delta9-fatty acid desaturase 
in Hansenula polymorpha. Appl Microbiol Biotechnol. 54(4):499-509. 

7.3.5 Matsuura, H., Okamoto, S., Anamnart, S., Wang, Q., Zhou, ZY., Nihira, T., Yamada, Y., 
Kuzuyama, T., Seto, H., Nakayama, J., Suzuki, A., Nagasawa, H., and Sakuda, S. (2003) 
Nucleotide sequences of genes encoding allosamidin-sensitive and -insensitive chitinases 
produced by allosamidin-producing Streptomyces. Biosci Biotechnol Biochem. 67(9), 
2002-2005. 

7.3.6 Wongsumpanchai, W., Anamnart, S., Laoteng, K. and Petsom, A.  (2004) Elongation of 
C16:0 to C18:0 fatty acids in methylotrophic yeast Hansenula polymorpha CBS 1976 and 
fatty acid auxotrophic mutants.  FEMS Microbiology Letters 237:213-218. 

7.3.7  ศจี นอ้ยตั้ง, ศรินทพิ สุกใส และอมร เพชรสม (2548) การศึกษาคุณค่าทางอาหารของเมล็ด
เกาลดัน่าน และศึกษาคุณสมบติัของแป้งจากเมล็ดเกาลดัน่าน. การประชุมวชิาการ
วทิยาศาสตร์และเทคโนโลยีแห่งประเทศไทย (วทท.) คร้ังท่ี 31: 274.  

7.3.8 สมคิด บุมี, บุญศรี จงรุ่งเรืองจิตต ์และ ศรินทิพ สุกใส (2549) การศึกษากรดไขมนัไม่อ่ิมตวั
จากเช้ือราท่ีแยกจากปลาทะเล.  วารสารวิทยาศาสตร์ในพระบรมราชูปถัมภ์ ปีท่ี 60 ฉบบัท่ี 1 
หนา้ 16-25. 
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7.3.9 ศรินทิพ สุกใส และศจี น้อยตั้ง (2550) รายงานการวิจยัเร่ืองการพฒันาผลิตภณัฑ์เสริมเส้นใย
จากเมล็ดแมงลกั. ทุนหน่วยวิจยั-พฒันาอุตสาหกรรม จากสถาบนัเทคโนโลยีชีวภาพและ
วศิวกรรมพนัธุศาสตร์  จุฬาลงกรณ์มหาวทิยาลยั  ปีงบประมาณ 2550. 

7.3.10 ศรินทิพ สุกใส, ศจี นอ้ยตั้ง และปาริชาติ ลบแยม้ (2550) รายงานการวิจยัเร่ืองการพฒันาการ
ผลิตน ้ ามนัจากเมล็ดชาน ้ ามนั Camellia oleifera. ทุนหน่วยวิจยั-พฒันาอุตสาหกรรม จาก
สถาบันเทคโนโลยี ชีวภาพและวิศวกรรมพันธุศาสตร์   จุฬาลงกรณ์มหาวิทยาลัย  
ปีงบประมาณ 2550. 

7.3.11 ศจี นอ้ยตั้ง, ศรินทิพ สุกใส และอมร เพชรสม (2551) การสกดัน ้ ามนัจากเมล็ดแมงลกัและ
คุณสมบติัการพองตวัของสารเมือกจากกากท่ีเหลือ. การประชุมวิชาการประจ าปีการแพทย์
แผนไทย การแพทยพ์ื้นบา้น การแพทยท์างเลือกแห่งชาติ คร้ังท่ี 5:114. 

7.3.12  ศรินทพิ สุกใส, ศจีนอ้ยตั้ง, วรีะเดช สุขเอียด และอมร เพชรสม (2552) คุณสมบติัการพองตวั
และอุม้น ้ าของสารเมือกจากผงเมล็ดแมงลกัหลงัสกดัน ้ ามนั. วารสารวิทยาศาสตร์เกษตร ปีท่ี 
40 ฉบบัท่ี 2 หนา้ 219-228.  

7.3.13 Noitang, S., Sooksai, S.A., Foophow, T. and Petsom, A. (2009) Proximate Analysis and 
Physico-Chemical Properties of Flour from the Seed of the China Chestnut, Sterculia 
monosperma Ventenat. Pakistan Journal of Biological Sciences 12(19): 1314-1319. 

7.4  งานวจิยัท่ีก าลงัท าอยู ่
7.4.1 การศึกษาชนิดและปริมาณของกรดไขมนัจากพืชน ้ามนัชนิดต่างๆ 

 แหล่งเงินทุนอุดหนุนภายในสถาบนัประจ าปี 2554  

ไดด้ าเนินการวิจยัลุล่วงไปแลว้ประมาณ  30 % 
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