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AMMONUM TRANSPORTER PROMOTER FOR 
GENE EXPRESSION IN OLEAGNOUS YEAST 

FIELD OF THE INVENTION 

0001. This invention is in the field of biotechnology. 
More specifically, this invention pertains to a promoter 
region isolated from Yarrowia lipolytica that is useful for 
gene expression in oleaginous yeast. 

BACKGROUND OF THE INVENTION 

0002 Oleaginous yeast are defined as those organisms 
that are naturally capable of oil synthesis and accumulation, 
wherein oil accumulation ranges from at least about 25% up 
to about 80% of the cellular dry weight. Genera typically 
identified as oleaginous yeast include, but are not limited to: 
Yarrowia, Candida, Rhodotorula, Rhodosporidium, Crypto 
coccus, TrichospOron and Lipomyces. More specifically, 
illustrative oil-synthesizing yeast include: Rhodosporidium 
toruloides, Lipomyces starkeyi, L. lipoferus, Candida 
revkaufi, C. pulcherrima, C. tropicalis, C. utilis, Trichos 
poron pullans, T. cutaneum, Rhodotorula glutinus, R. grami 
nis and Yarrowia lipolytica (formerly classified as Candida 
lipolytica). 
0003. The technology for growing oleaginous yeast with 
high oil content is well developed (for example, see EP 0 
005 277B1; Ratledge, C., Prog. Ind. Microbiol. 16:119-206 
(1982)). And, these organisms have been commercially used 
for a variety of purposes in the past. For example, various 
strains of Yarrowa lipolytica have historically been used for 
the manufacture and production of isocitrate lyase; lipases; 
polyhydroxy-alkanoates; citric acid; erythritol; 2-oxoglu 
taric acid, y-decalactone; Y-dodecalactone; and pyruvic acid. 
More recently, however, the natural abilities of oleaginous 
yeast have been enhanced by advances in genetic engineer 
ing, resulting in organisms capable of producing polyun 
saturated fatty acids (“PUFAs). Specifically, Picataggio et 
al. have demonstrated that Y lipolytica can be engineered for 
production of c)-3 and (D-6 fatty acids, by introducing and 
expressing genes encoding the ()-3/co-6 biosynthetic path 
way (see WO 2004/101757 and co-pending U.S. patent 
application Ser. No. 60/624.812). 
0004 Recombinant production of any heterologous pro 
tein is generally accomplished by constructing an expression 
cassette in which the DNA coding for the protein of interest 
is placed under the control of appropriate regulatory 
sequences (i.e., promoters) Suitable for the host cell. The 
expression cassette is then introduced into the host cell 
(usually by plasmid-mediated transformation or targeted 
integration into the host genome) and production of the 
heterologous protein is achieved by culturing the trans 
formed host cell under conditions necessary for the proper 
function of the promoter contained within the expression 
cassette. Thus, the development of new host cells (e.g., 
oleaginous yeast) for recombinant production of proteins 
generally requires the availability of promoters that are 
suitable for controlling the expression of a protein of interest 
in the host cell. 

0005) A variety of strong promoters have been isolated 
from Yarrowia lipolytica that are useful for heterologous 
gene expression in yeast. For example, U.S. Pat. No. 4.937, 
189 and EP220864 (Davidow et al.) disclose the sequence of 
the XPR2 gene (which encodes an inducible alkaline extra 
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cellular protease) and upstream promoter region for use in 
expression of heterologous proteins. U.S. Pat. No. 6,265,185 
(Muller et al.) describes promoters for the translation elon 
gation factor EF1-C. (TEF) protein and ribosomal protein S7 
that are Suitable for expression cloning in yeast and heter 
ologous expression of proteins. These promoters were 
improved relative to the XPR2 promoter, when tested for 
yeast promoter activity on growth plates (Example 9, U.S. 
Pat. No. 6,265,185) and based on their activity in the pH 
range of 4-11. WO 2005/003310 describe regulatory 
sequences (e.g., promoters, introns) of the glyceraldehyde 
3-phosphate dehydrogenase (gpd) and phosphoglycerate 
mutase (gpm) genes; WO 2005/049805 describes regulatory 
sequences (e.g., promoters, introns) of the fructose-bispho 
sphate aldolase (fba) gene; and, co-pending U.S. patent 
application Ser. No. 60/610,060 describes promoters of the 
glycerol-3-phosphate O-acyltransferase (gpat) gene. Simi 
larly, Juretzek et al. (Biotech. Bioprocess Eng., 5:320-326 
(2000)) compares the glycerol-3-phosphate dehydrogenase 
(G3P), isocitrate lyase (ICL1), 3-oxo-acyl-CoA thiolase 
(POT1) and acyl-CoA oxidase (POX1, POX2 and POX5) 
promoters with respect to their regulation and activities 
during growth on different carbon Sources. 
0006. Despite the utility of these known promoters, how 
ever, there is a need for new improved yeast promoters for 
metabolic engineering of yeast (oleaginous and non-olleagi 
nous) and for controlling the expression of heterologous 
genes in yeast. Furthermore, possession of a Suite of pro 
moters that are regulatable under a variety of natural growth 
and induction conditions in yeast will play an important role 
in industrial settings, wherein it is desirable to express 
heterologous polypeptides in commercial quantities in said 
hosts for economical production of those polypeptides. 
Thus, it is an object of the present invention to provide such 
promoters that will be useful for gene expression in a variety 
of yeast cultures, and preferably in Yarrowia sp. cultures and 
other oleaginous yeast. 
0007. Applicants have solved the stated problem by iden 
tifying the YAT1 promoter from Yarrowia lipolytica, which 
is responsible for driving expression of the gene (yat1) 
encoding an ammonium transporter (YAT1). Advanta 
geously, the promoter is useful for regulated expression of 
heterologous genes in Yarrowia, has improved activity with 
respect to the TEF promoter and is inducible under oleagi 
nous conditions (i.e., nitrogen limitation). 

SUMMARY OF THE INVENTION 

0008. The present invention provides methods for the 
regulated expression of a coding region of interest in a 
transformed yeast, using a promoter region of an ammonium 
transporter (yat1) gene. Accordingly the invention provides 
a method for the expression of a coding region of interest in 
a transformed yeast comprising: 

0009 a) providing a transformed yeast having a 
genetic construct comprising: 
0010 (i) a promoter region of a Yarrowia yat1 gene: 
and, 

0011 (ii) a coding region of interest expressible in 
the yeast cell; 

0012 wherein the promoter region is operably linked 
to the coding region of interest; and, 
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0013 b) growing the transformed yeast of step (a) 
under conditions whereby the genetic construct of step 
(a) is expressed. 

0014. In another embodiment mutant yat1 promoters are 
provided exhibiting mutations that demonstrate between 
20% and 400% increased promoter activity as compared 
with the wildtype promoter. 
0015. In an alternate embodiment the invention provides 
a method for the production of an ()-3 or an (D-6 fatty acid 
comprising: 

0016 a) providing a transformed oleaginous yeast 
comprising a genetic construct, comprising: 

0017 (i) a promoter region of a Yarrowia yat1 gene: 
and, 

0018 (ii) a coding region encoding at least one 
enzyme of the co-3/co-6 fatty acid biosynthetic path 
way: 

0019 wherein the promoter region and coding region 
are operably linked; 

0020 b) culturing the transformed oleaginous yeast of 
step (a) under conditions whereby the at least one 
enzyme of the co-3/co-6 fatty acid biosynthetic pathway 
is expressed and a c)-3 or (D-6 fatty acid is produced; 
and, 

0021) 
acid. 

c) optionally recovering the co-3 or (D-6 fatty 

0022 Preferred conditions suitable to induce expression 
of the genetic constructs of the invention are conditions of 
nitrogen-limitation; and, in a more preferred embodiment, 
the nitrogen-limiting conditions are those that induce ole 
aginy. 

BRIEF DESCRIPTION OF THE DRAWINGS 
AND SEQUENCE DESCRIPTIONS 

0023 FIG. 1 provides plasmid maps for the following: 
(A) pY5-30; (B) plMW214; (C) pYGPAT-GUS; and (D) 
pYAT-GUS, respectively. 
0024 FIG. 2 graphically represents the relationship 
between SEQID NOS:12, 15, 22, 23 and 24, each of which 
relates to glycerol-3-phosphate O-acyltransferase (GPAT) in 
Y lipolytica. 

0.025 FIG. 3A diagrams the development of Yarrowia 
lipolytica strain Y2034, producing up to 10% ARA in the 
total lipid fraction. FIG. 3B provides a plasmid map for 
pKUNF12T6E; and FIG. 3C provides a plasmid map for 
pDMW232. 

0026 FIGS. 4A, 4B and 4C illustrate the relative pro 
moter activities of YAT1, TEF, GPAT and FBAIN in Y. 
lipolytica grown in various media as determined by his 
tochemical staining. 
0027 FIG. 5 illustrates the co-3/co-6 fatty acid biosyn 

thetic pathway. 

0028. The invention can be more fully understood from 
the following detailed description and the accompanying 
sequence descriptions, which form a part of this application. 
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0029. The following sequences comply with 37 C.F.R. 
S1.821-1.825 (“Requirements for Patent Applications Con 
taining Nucleotide Sequences and/or Amino Acid Sequence 
Disclosures—the Sequence Rules”) and are consistent with 
World Intellectual Property Organization (WIPO) Standard 
ST.25 (1998) and the sequence listing requirements of the 
EPO and PCT (Rules 5.2 and 49.5(a-bis), and Section 208 
and Annex C of the Administrative Instructions). The sym 
bols and format used for nucleotide and amino acid 
sequence data comply with the rules set forth in 37 C.F.R. 
S 1.822. 
0030 SEQ ID NOs: 1-3, 10-12, 15, 23, 24, and 27-37 
correspond to ORFs (i.e., encoding genes or proteins), 
promoters and plasmids, as identified in Table 1. 

TABLE 1. 

Summary Of Nucleotide And Protein SEQ ID Numbers 

Protein 
Nucleotide SEQ ID 

Description SEQ ID NO NO 

Yarrowia lipolytica ammonium transporter 1 2 
(yat1) (1461 bp) (486AA) 
(GenBank Accession No. XM 504457) 
YAT1 promoter 3 

(778 bp) 
Plasmid pY5-30 10 

(8.953 bp) 
FBAIN promoter 11 

(973 bp) 
Yarrowia lipolytica ORF YALI-CDS1055.1 12 
(GenBank Accession No. CAG81570) (727 AA) 
Yarrowia lipolytica glycerol-3-phosphate O- 15 
acyltransferase (gpat) gene (2184 bp) 
Yarrowia lipolytica gpat gene: -1678 to 23 
+2181 region (3862 bp) 
GPAT promoter 24 

(1130 bp) 
Plasmid pKUNF12T6E 27 

12,649 bp) 
Synthetic elongase gene derived from 28 29 
Mortierella alpina, codon-optimized for (957 bp) (318 AA) 
expression in Yarrowia lipolytica 
Synthetic A6 desaturase, derived from 30 31 
Mortierella alpina, codon-optimized for (1374 bp) (457 AA) 
expression in Yarrowia lipolytica 
FBA promoter 32 

(1001 bp) 
Fusarium moniiforme A12 desaturase 33 34 

(1434 bp) (477 AA) 
Synthetic elongase gene derived from 35 36 
Thrattstochytrium attrelin, codon-optimized (819 bp) (272 AA) 
for expression in Yarrowia lipolytica 
Plasmid plDMW232 37 

(10,945 bp) 

0031 SEQ ID NOs:4, 5 and 6 correspond to BD-Clon 
tech's Creator Smart(R) cDNA library kit primers SMART IV 
oligonucleotide, CDSIII/3' PCR primer and 5'-PCR primer, 
respectively. 

0032) SEQ ID NO:7 corresponds to the M13 forward 
primer used for sequencing of Y lipolytica cDNA. 
0033 SEQ ID NOS:8 and 9 correspond to primers 
27203-F and 27203-R, respectively, used for amplifying the 
5' upstream region of the yat1 gene. 
0034 SEQ ID NOS:13 and 14 correspond to the degen 
erate primers YGPAT-F and YGPAT-R, respectively, used for 
amplifying Y lipolytica ORF YALI-CDS1055.1. 
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0035) SEQID NOS:16 and 17 correspond to the Genome 
Walker adaptor used to isolate the GPAT promoter region by 
genome-walking. 
0036 SEQID NOS:18-21 correspond to the PCR primers 
used in genome-walking: Adaptor-1, YGPAT-5R-1, Nested 
Adaptor Primer 2 and YGPAT-5R-2, respectively. 
0037 SEQID NO:22 corresponds to a 1781 bp fragment 
contained within plasmid plcoRV-G-5, the fragment con 
taining a 1678 bp region upstream of the translation initia 
tion codon ATG of the gpat gene. 
0038 SEQ ID NOS:25 and 26 correspond to primers 
GPAT-5-1 and GPAT-5-2, respectively, used to amplify the 
GPAT promoter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0039. In support of the invention described herein the 
following commonly owned patents, and patent applications 
are incorporated herein by reference in their entirety: 
10/840,579 (filed May 6, 2004), 10/869,630 (filed Jun. 16, 
2004), 10/987,548 (filed Nov. 12, 2004), U.S. Patent Pro 
visional Application No. 60/610,060 (filed Sep. 15, 2004), 
and U.S. Patent Provisional Application No. 60/624,812 
(filed Nov. 4, 2004). 
0040. In accordance with the subject invention, Appli 
cants describe the characterization of a promoter from an 
oleaginous yeast, Yarrowia lipolytica. This promoter region, 
isolated upstream of the ammonium transporter (yat1) gene 
and inducible under oleaginous conditions (i.e., nitrogen 
limitation), is useful for genetic engineering in Y lipolytica 
and other yeast for the production of heterologous polypep 
tides. 

0041) Preferred heterologous polypeptides of the present 
invention are those that are involved in the synthesis of 
microbial oils and particularly polyunsaturated fatty acids 
(PUFAs). PUFAs, or derivatives thereof, made by the meth 
odology disclosed herein can be used in many applications. 
For example, the PUFAs can be used as dietary substitutes, 
or Supplements, particularly infant formulas, for patients 
undergoing intravenous feeding or for preventing or treating 
malnutrition. Alternatively, the purified PUFAs (or deriva 
tives thereof) may be incorporated into cooking oils, fats or 
margarines formulated so that in normal use the recipient 
would receive the desired amount for dietary supplementa 
tion. The PUFAs may also be incorporated into infant 
formulas, nutritional Supplements or other food products, 
and may find use as anti-inflammatory or cholesterol low 
ering agents. Optionally, the compositions may be used for 
pharmaceutical use (human or veterinary). In this case, the 
PUFAs are generally administered orally but can be admin 
istered by any route by which they may be successfully 
absorbed, e.g., parenterally (e.g., Subcutaneously, intramus 
cularly or intravenously), rectally, vaginally or topically 
(e.g., as a skin ointment or lotion). 
0042. Thus, the present invention advances the art by 
providing methods for the regulated expression of a coding 
region of interest in a transformed yeast comprising: a) 
providing a transformed yeast having a chimeric gene com 
prising (i) a promoter region of a Yarrowia yat1 gene; and, 
(ii) a coding region of interest expressible in the yeast, 
wherein the promoter region is operably linked to the coding 
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region of interest; b) growing the transformed yeast of step 
(a) under conditions whereby the chimeric gene is 
expressed; and, c) optionally isolating the gene product from 
the cultivation medium. In preferred embodiments, the 
YAT1 promoter region comprises a sequence as set forth in 
SEQ ID NO:3. 
Definitions 

0043. In this disclosure, a number of terms and abbre 
viations are used. The following definitions are provided. 
0044) “Ammonium transporter is abbreviated YAT. 
0045 “Open reading frame' is abbreviated ORF. 
0046) “Polymerase chain reaction” is abbreviated PCR. 
0047. “Polyunsaturated fatty acid(s) is abbreviated 
PUFA(s). 
0048. The term “oleaginous” refers to those organisms 
that tend to store their energy source in the form of lipid 
(Weete, In: Fungal Lipid Biochemistry, 2" Ed., Plenum, 
1980). Generally, the cellular PUFA content of these micro 
organisms follows a sigmoid curve, wherein the concentra 
tion of lipid increases until it reaches a maximum at the late 
logarithmic or early stationary growth phase and then gradu 
ally decreases during the late stationary and death phases 
(Yongmanitchai and Ward, Appl. Environ. Microbiol. 
57:419-25 (1991)). 
0049. The term "oleaginous yeast” refers to those micro 
organisms classified as yeast that can accumulate at least 
25% of their dry cell weight as oil. Examples of oleaginous 
yeast include (but are no means limited to) the following 
genera: Yarrowia, Candida, Rhodotorula, Rhodosporidium, 
Cryptococcus, TrichospOron and Lipomyces. 

0050. The term “ammonium transporter” refers to a fam 
ily of transporters whose physiological role within a cell is 
to Scavenge external ammonium for use as a nitrogen source 
(and, under some circumstances, to incorporate ammonium 
that leaks out of cells), based on studies of the MEP family 
of ammonium transporters in Saccharomyces cerevisiae (A. 
M. Marini et al., EMBO.J., 13(15):3456-3463 (1994); Mol 
Cell Biol 17(8):4282-93 (1997)). In general, the proteins are 
Subject to nitrogen control and each has different kinetic 
properties, specificities and regulation; for example, the 
three S. cerevisiae isozymes are characterized as follows: 
MEP1, a low affinity/high capacity ammonia transporter 
(K, 5-10 uM); MEP2, a high affinity/low capacity ammo 
nia transporter (K. 1-2 uM); and MEP3, a low affinity 
ammonia transporter (K. 1.4-2.1 mM). Other known mem 
bers of this family include: the high affinity ammonium 
transporter (amt1), the ammonium and methylammonium 
transport system, the putative ammonium transporter amtB 
and nrgA. 

0051. As used herein, the term “YAT1” refers to an 
ammonium transporter enzyme (TC 2.A.49) encoded by the 
yat1 gene and isolated from Yarrowia lipolytica (GenBank 
Accession No. XM 504457). The sequence disclosed 
therein (/locus tag="YALIOE27203g) was identified as a 
hypothetical protein having similarity “to spP41948 Sac 
charomyces cerevisiae YNL142w MEP2, hypothetical 
start. The Y lipolytica yat1 gene is presented herein as SEQ 
ID NO:1, while the corresponding YAT1 protein is provided 
herein as SEQ ID NO:2. 
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0.052 The term “YAT1 promoter” or “YAT1 promoter 
region” refers to the 5' upstream untranslated region in front 
of the ATG’ translation initiation codon of yat1 and that is 
necessary for expression. An example of a suitable YAT1 
promoter region is provided as SEQID NO:3, but this is not 
intended to be limiting in nature. One skilled in the art will 
recognize that since the exact boundaries of the YAT1 
promoter sequence have not been completely defined, DNA 
fragments of increased or diminished length may have 
identical promoter activity. 

0053) The term “GPAT refers to a glycerol-3-phosphate 
O-acyltransferase enzyme (E.C. 2.3.1.15) encoded by the 
gpat gene and which converts acyl-CoA and sn-glycerol 
3-phosphate to CoA and 1-acyl-sn-glycerol 3-phosphate (the 
first step of phospholipid biosynthesis). The term “GPAT 
promoter” or “GPAT promoter region” refers to the 5' 
upstream untranslated region in front of the ATG’ transla 
tion initiation codon of gpat and that is necessary for 
expression. One example of a suitable GPAT promoter 
region is provided as SEQID NO:24, but this is not intended 
to be limiting in nature (see co-pending U.S. patent appli 
cation Ser. No. 60/610,060). 
0054) The term “FBA1 refers to a fructose-bisphosphate 
aldolase enzyme (E.C. 4.1.2.13) encoded by the fbal gene 
and which converts D-fructose 1,6-bisphosphate into glyc 
erone phosphate and D-glyceraldehyde 3-phosphate. The 
term “FBAIN promoter” or “FBAIN promoter region” refers 
to the 5' upstream untranslated region in front of the ATG’ 
translation initiation codon offbal and that is necessary for 
expression, plus a portion of 5" coding region comprising an 
intron of the fbal gene. An example of a suitable FBAIN 
promoter region is provided as SEQ ID NO:11, but this is 
not intended to be limiting in nature (see WO 2005/049805). 
0055. The term “promoter activity” will refer to an 
assessment of the transcriptional efficiency of a promoter. 
This may, for instance, be determined directly by measure 
ment of the amount of mRNA transcription from the pro 
moter (e.g., by Northern blotting or primer extension meth 
ods) or indirectly by measuring the amount of gene product 
expressed from the promoter, as foe example by histochemi 
cal means. 

0056. The term “conditions of nitrogen-limitation” refers 
to a medium having a low concentration of nitrogen, 
wherein the nitrogen may be supplied from an inorganic 
(e.g., (NH4)2SO4) or organic (e.g., urea or glutamate) 
Source, or a medium having no nitrogen source. Although 
one skilled in the art will be able to determine an appropriate 
low concentration of nitrogen suitable to induce the YAT1 
promoter of the present invention, in one embodiment a 
preferred medium would be one characterized as having a 
high carbon to nitrogen (i.e., C.N) ratio and about 0.1% or 
less ammonium Sulfate or other Suitable ammonium salts. 

0057. As used herein, an "isolated nucleic acid molecule' 
is a polymer of RNA or DNA that is single- or double 
Stranded, optionally containing synthetic, non-natural or 
altered nucleotide bases. An isolated nucleic acid molecule 
in the form of a polymer of DNA may be comprised of one 
or more segments of cDNA, genomic DNA or synthetic 
DNA 

0.058. The term “genetic construct” is a non-limiting term 
meaning any contiguous series of nucleic acids capable of 
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being expressed in a host organism. A genetic construct may 
include but is not limited to an open reading frame, an open 
reading frame operably linked to regulatory sequences, or a 
wildtype or mutant gene. Genetic constructs may encode 
poylpeptides or be nucleic acid fragments or molecules that 
are oriented for antisense expression. 
0059) A nucleic acid molecule is “hybridizable” to 
another nucleic acid molecule, such as a cDNA, genomic 
DNA, or RNA molecule, when a single-stranded form of the 
nucleic acid molecule can anneal to the other nucleic acid 
molecule under the appropriate conditions of temperature 
and solution ionic strength. Hybridization and washing 
conditions are well known and exemplified in Sambrook, J., 
Fritsch, E. F. and Maniatis, T. Molecular Cloning: A Labo 
ratory Manual, 2" ed., Cold Spring Harbor Laboratory: 
Cold Spring Harbor, N.Y. (1989), particularly Chapter 11 
and Table 11.1 therein (entirely incorporated herein by 
reference). The conditions oftemperature and ionic strength 
determine the “stringency” of the hybridization. Stringency 
conditions can be adjusted to screen for moderately similar 
fragments (such as homologous sequences from distantly 
related organisms), to highly similar fragments (such as 
genes that duplicate functional enzymes from closely related 
organisms). Post-hybridization washes determine stringency 
conditions. One set of preferred conditions uses a series of 
washes starting with 6xSSC, 0.5% SDS at room temperature 
for 15 min, then repeated with 2xSSC, 0.5% SDS at 45° C. 
for 30 min, and then repeated twice with 0.2xSSC, 0.5% 
SDS at 50° C. for 30 min. A more preferred set of stringent 
conditions uses higher temperatures in which the washes are 
identical to those above except for the temperature of the 
final two 30 min washes in 0.2xSSC, 0.5% SDS was 
increased to 60°C. Another preferred set of highly stringent 
conditions uses two final washes in 0.1xSSC, 0.1% SDS at 
65 °C. An additional set of stringent conditions include 
hybridization at 0.1xSSC, 0.1% SDS, 65° C. and washed 
with 2xSSC, 0.1% SDS followed by 0.1XSSC, 0.1% SDS, 
for example. 
0060 Hybridization requires that the two nucleic acids 
contain complementary sequences, although depending on 
the stringency of the hybridization, mismatches between 
bases are possible. The appropriate stringency for hybridiz 
ing nucleic acids depends on the length of the nucleic acids 
and the degree of complementation, variables well known in 
the art. The greater the degree of similarity or homology 
between two nucleotide sequences, the greater the value of 
Tm for hybrids of nucleic acids having those sequences. The 
relative stability (corresponding to higher Tm) of nucleic 
acid hybridizations decreases in the following order: 
RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of greater 
than 100 nucleotides in length, equations for calculating Tm 
have been derived (see Sambrook et al., supra, 9.50-9.51). 
For hybridizations with shorter nucleic acids, i.e., oligo 
nucleotides, the position of mismatches becomes more 
important, and the length of the oligonucleotide determines 
its specificity (see Sambrook et al., supra, 11.7-11.8). In one 
embodiment the length for a hybridizable nucleic acid is at 
least about 10 nucleotides. Preferably a minimum length for 
a hybridizable nucleic acid is at least about 15 nucleotides: 
more preferably at least about 20 nucleotides; and most 
preferably the length is at least about 30 nucleotides. Fur 
thermore, the skilled artisan will recognize that the tempera 
ture and wash Solution salt concentration may be adjusted as 
necessary according to factors such as length of the probe. 
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0061. A “substantial portion of an amino acid or nucle 
otide sequence is that portion comprising enough of the 
amino acid sequence of a polypeptide or the nucleotide 
sequence of a gene to putatively identify that polypeptide or 
gene, either by manual evaluation of the sequence by one 
skilled in the art, or by computer-automated sequence com 
parison and identification using algorithms such as BLAST 
(Basic Local Alignment Search Tool; Altschul, S. F., et al., 
J. Mol. Biol. 215:403-410 (1993)). In general, a sequence of 
ten or more contiguous amino acids or thirty or more 
nucleotides is necessary in order to identify putatively a 
polypeptide or nucleic acid sequence as homologous to a 
known protein or gene. Moreover, with respect to nucleotide 
sequences, gene-specific oligonucleotide probes comprising 
20-30 contiguous nucleotides may be used in sequence 
dependent methods of gene identification (e.g., Southern 
hybridization) and isolation (e.g., in situ hybridization of 
bacterial colonies or bacteriophage plaques). In addition, 
short oligonucleotides of 12-15 bases may be used as 
amplification primers in PCR in order to obtain a particular 
nucleic acid molecule comprising the primers. Accordingly, 
a “substantial portion of a nucleotide sequence comprises 
enough of the sequence to specifically identify and/or isolate 
a nucleic acid molecule comprising the sequence. 

0062) The instant specification teaches nucleotide 
sequences encoding a particular microbial promoter region. 
The skilled artisan, having the benefit of the sequences as 
reported herein, may now use all or a substantial portion of 
the disclosed sequences for purposes known to those skilled 
in this art. Accordingly, the instant invention comprises the 
complete sequences as reported in the accompanying 
Sequence Listing, as well as Substantial portions of those 
sequences as defined above. 

0063. The term "oligonucleotide' refers to a nucleic acid, 
generally of at least 18 nucleotides, that is hybridizable to a 
genomic DNA molecule, a cDNA molecule, or an mRNA 
molecule. In one embodiment, a labeled oligonucleotide can 
be used as a “probe' to detect the presence of a nucleic acid 
according to the invention. Thus, the term “probe' refers to 
a single-stranded nucleic acid molecule that can base pair 
with a complementary single-stranded target nucleic acid to 
form a double-stranded molecule. The term "label' will refer 
to any conventional molecule which can be readily attached 
to mRNA or DNA and which can produce a detectable 
signal, the intensity of which indicates the relative amount 
of hybridization of the labeled probe to the DNA fragment. 

0064. The term “complementary' is used to describe the 
relationship between nucleotide bases that are capable of 
hybridizing to one another. For example, with respect to 
DNA, adenosine is complementary to thymine and cytosine 
is complementary to guanine. Accordingly, the instant 
invention also includes isolated nucleic acid molecules that 
are complementary to the complete sequences as reported in 
the accompanying Sequence Listing, as well as those Sub 
stantially similar nucleic acid sequences. 

0065. The term “percent identity”, as known in the art, is 
a relationship between two or more polypeptide sequences 
or two or more polynucleotide sequences, as determined by 
comparing the sequences. In the art, “identity also means 
the degree of sequence relatedness between polypeptide or 
polynucleotide sequences, as the case may be, as determined 
by the match between strings of such sequences. “Identity” 
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and “similarity” can be readily calculated by known meth 
ods, including but not limited to those described in: 1.) 
Computational Molecular Biology (Lesk, A. M., Ed.) 
Oxford University: NY (1988); 2.) Biocomputing. Informat 
ics and Genome Projects (Smith, D. W., Ed.) Academic: NY 
(1993); 3.) Computer Analysis of Sequence Data, Part I 
(Griffin, A. M., and Griffin, H. G., Eds.) Humania: NJ 
(1994); 4.) Sequence Analysis in Molecular Biology (von 
Heinje, G., Ed.) Academic (1987); and 5.) Sequence Analy 
sis Primer (Gribskov, M. and Devereux, J. Eds.) Stockton: 
NY (1991). Preferred methods to determine identity are 
designed to give the best match between the sequences 
tested. Methods to determine identity and similarity are 
codified in publicly available computer programs. Sequence 
alignments and percent identity calculations may be per 
formed using the Megalign program of the LASERGENE 
bioinformatics computing suite (DNASTAR Inc., Madison, 
Wis.). Multiple alignment of the sequences is performed 
using the Clustal method of alignment (Higgins and Sharp, 
CABIOS. 5:151-153 (1989)) with default parameters (GAP 
PENALTY-10, GAP LENGTH PENALTY=10). Default 
parameters for pairwise alignments using the Clustal method 
are: KTUPLE 1 GAP PENALTY-3, WINDOW=5 and 
DIAGONALS SAVED=5. 

0066 Suitable promoter regions (isolated polynucle 
otides of the present invention) encode promoter regions that 
are at least about 70% identical, preferably at least about 
75% identical, and more preferably at least about 80% 
identical to the nucleotide sequences reported herein. Pre 
ferred nucleic acid molecules are about 85% identical to the 
nucleotide sequences reported herein, more preferred 
nucleic acid molecules are at least about 90% identical, and 
most preferred are nucleic acid molecules at least about 95% 
identical to the nucleotide sequences reported herein. Suit 
able promoter regions not only have the above homologies 
but typically are at least 50 nucleotides in length, more 
preferably at least 100 nucleotides in length, more preferably 
at least 250 nucleotides in length, and more preferably at 
least 500 nucleotides in length. 
0067 “Codon degeneracy” refers to the nature in the 
genetic code permitting variation of the nucleotide sequence 
without affecting the amino acid sequence of an encoded 
polypeptide. The skilled artisan is well aware of the “codon 
bias' exhibited by a specific host cell in usage of nucleotide 
codons to specify a given amino acid. Therefore, when 
synthesizing a gene for improved expression in a host cell, 
it is desirable to design the gene Such that its frequency of 
codon usage approaches the frequency of preferred codon 
usage of the host cell. 
0068 “Chemically synthesized', as related to a sequence 
of DNA, means that the component nucleotides were 
assembled in vitro. Manual chemical synthesis of DNA may 
be accomplished using well-established procedures; or, 
automated chemical synthesis can be performed using one of 
a number of commercially available machines. “Synthetic 
genes' can be assembled from oligonucleotide building 
blocks that are chemically synthesized using procedures 
known to those skilled in the art. These building blocks are 
ligated and annealed to form gene segments that are then 
enzymatically assembled to construct the entire gene. 
Accordingly, the genes can be tailored for optimal gene 
expression based on optimization of nucleotide sequence to 
reflect the codon bias of the host cell. The skilled artisan 
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appreciates the likelihood of Successful gene expression if 
codon usage is biased towards those codons favored by the 
host. Determination of preferred codons can be based on a 
Survey of genes derived from the host cell, where sequence 
information is available. 

0069) “Gene” refers to a nucleic acid molecule that 
expresses a specific protein, including regulatory sequences 
preceding (5' non-coding sequences) and following (3' non 
coding sequences) the coding sequence. “Native gene’ 
refers to a gene as found in nature with its own regulatory 
sequences. “Chimeric gene' refers to any gene that is not a 
native gene, comprising regulatory and coding sequences 
that are not found together in nature. Accordingly, a chimeric 
gene may comprise regulatory sequences and coding 
sequences that are derived from different sources, or regu 
latory sequences and coding sequences derived from the 
same source, but arranged in a manner different than that 
found in nature. Chimeric genes of the present invention will 
typically comprise a YAT1 promoter region operably linked 
to a coding region of interest. "Endogenous gene' refers to 
a native gene in its natural location in the genome of an 
organism. A “foreign' gene refers to a gene not normally 
found in the host organism, but that is introduced into the 
host organism by gene transfer. Foreign genes can comprise 
native genes inserted into a non-native organism, or chi 
meric genes. A “transgene' is a gene that has been intro 
duced into the genome by a transformation procedure. A 
"codon-optimized gene' is a gene having its frequency of 
codon usage designed to mimic the frequency of preferred 
codon usage of the host cell. 
0070 "Coding sequence” refers to a DNA sequence that 
codes for a specific amino acid sequence. 
0071 "Suitable regulatory sequences’ refer to transcrip 
tional and translational nucleotide sequences located 
upstream (5' non-coding sequences), within, or downstream 
(3' non-coding sequences) of a coding sequence, and which 
influence the transcription, RNA processing or stability, or 
translation of the associated coding sequence. Regulatory 
sequences may include promoters, translation leader 
sequences, introns, polyadenylation recognition sequences, 
RNA processing sites, effector binding sites and stem-loop 
Structures. 

0072 “Promoter” refers to a DNA sequence capable of 
controlling the expression of a coding sequence or func 
tional RNA. In general, a coding sequence is located 3' to a 
promoter sequence. Promoters may be derived in their 
entirety from a native gene, or be composed of different 
elements derived from different promoters found in nature, 
or even comprise synthetic DNA segments. It is understood 
by those skilled in the art that different promoters may direct 
the expression of a gene in different tissues or cell types, or 
at different stages of development, or in response to different 
environmental or physiological conditions. Promoters that 
cause a gene to be expressed in most cell types at most times 
are commonly referred to as “constitutive promoters'. It is 
further recognized that since in most cases the exact bound 
aries of regulatory sequences have not been completely 
defined, DNA fragments of different lengths may have 
identical promoter activity. 

0073. The term “mutant promoter' is defined herein as a 
promoter having a nucleotide sequence comprising a Sub 
stitution, deletion, and/or insertion of one or more nucle 

May 4, 2006 

otides relative to the parent promoter, wherein the mutant 
promoter has more or less promoter activity than the corre 
sponding parent promoter. The term "mutant promoter will 
encompass natural variants and in vitro generated variants 
obtained using methods well known in the art (e.g., classical 
mutagenesis, site-directed mutagenesis and “DNA shuf 
fling'). 
0074 The term “3'non-coding sequences” or “transcrip 
tion terminator” refers to DNA sequences located down 
stream of a coding sequence. This includes polyadenylation 
recognition sequences and other sequences encoding regu 
latory signals capable of affecting mRNA processing or gene 
expression. The polyadenylation signal is usually character 
ized by affecting the addition of polyadenylic acid tracts to 
the 3' end of the mRNA precursor. The 3' region can 
influence the transcription, RNA processing or stability, or 
translation of the associated coding sequence. 
0075) “RNA transcript” refers to the product resulting 
from RNA polymerase-catalyzed transcription of a DNA 
sequence. When the RNA transcript is a perfect comple 
mentary copy of the DNA sequence, it is referred to as the 
primary transcript or it may be a RNA sequence derived 
from post-transcriptional processing of the primary tran 
script and is referred to as the mature RNA. "Messenger 
RNA or “mRNA refers to the RNA that is without introns 
and that can be translated into protein by the cell. “cDNA 
refers to a double-stranded DNA that is complementary to, 
and derived from, mRNA. “Sense' RNA refers to RNA 
transcript that includes the mRNA and so can be translated 
into protein by the cell. “Antisense RNA refers to a RNA 
transcript that is complementary to all or part of a target 
primary transcript or mRNA and that blocks the expression 
of a target gene (U.S. Pat. No. 5,107,065; WO99/28508). 
The complementarity of an antisense RNA may be with any 
part of the specific gene transcript, i.e., at the 5' non-coding 
sequence, 3' non-coding sequence, or the coding sequence. 
“Functional RNA” refers to antisense RNA, ribozyme RNA, 
or other RNA that is not translated and yet has an effect on 
cellular processes. 
0076) The term “operably linked” refers to the associa 
tion of nucleic acid sequences on a single nucleic acid 
molecule so that the function of one is affected by the other. 
For example, a promoter is operably linked with a coding 
sequence when it is capable of affecting the expression of 
that coding sequence (i.e., the coding sequence is under the 
transcriptional control of the promoter). Coding sequences 
can be operably linked to regulatory sequences in sense or 
antisense orientation. 

0077. The term “expression', as used herein, refers to the 
transcription and stable accumulation of sense (mRNA) or 
antisense RNA derived from a coding sequence. Expression 
may also refer to translation of mRNA into a polypeptide. 
0078 “Transformation” refers to the transfer of a nucleic 
acid molecule into a host organism, resulting in genetically 
stable inheritance. The nucleic acid molecule may be a 
plasmid that replicates autonomously, for example; or, it 
may integrate into the genome of the host organism. Host 
organisms containing the transformed nucleic acid mol 
ecules are referred to as “transgenic’’ or “recombinant’ or 
“transformed' organisms. 
0079. The terms “plasmid, “vector” and “cassette” refer 
to an extra chromosomal element often carrying genes that 
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are not part of the central metabolism of the cell, and usually 
in the form of circular double-stranded DNA fragments. 
Such elements may be autonomously replicating sequences, 
genome integrating sequences, phage or nucleotide 
sequences, linear or circular, of a single- or double-stranded 
DNA or RNA, derived from any source, in which a number 
of nucleotide sequences have been joined or recombined 
into a unique construction which is capable of introducing a 
promoter fragment and DNA sequence for a selected gene 
product along with appropriate 3' untranslated sequence into 
a cell. “Expression cassette' refers to a specific vector 
containing a foreign gene and having elements in addition to 
the foreign gene that allow for enhanced expression of that 
gene in a foreign host. 
0080. The term “sequence analysis software” refers to 
any computer algorithm or software program that is useful 
for the analysis of nucleotide or amino acid sequences. 
“Sequence analysis Software may be commercially avail 
able or independently developed. Typical sequence analysis 
software will include, but is not limited to: 1.) the GCG suite 
of programs (Wisconsin Package Version 9.0, Genetics 
Computer Group (GCG), Madison, Wis.); 2.) BLASTP 
BLASTN, BLASTX (Altschulet al., J. Mol. Biol. 215:403 
410 (1990)); 3.) DNASTAR (DNASTAR, Inc. Madison, 
Wis.); and 4.) the FASTA program incorporating the Smith 
Waterman algorithm (W. R. Pearson, Comput. Methods 
Genome Res., Proc. Int. Symp. (1994), Meeting Date 1992, 
111-20. Suhai, Sandor, Ed. Plenum: New York, N.Y.). 
Within the context of this application it will be understood 
that where sequence analysis Software is used for analysis, 
that the results of the analysis will be based on the “default 
values' of the program referenced, unless otherwise speci 
fied. As used herein “default values' will mean any set of 
values or parameters that originally load with the software 
when first initialized. 

0081 Standard recombinant DNA and molecular cloning 
techniques used herein are well known in the art and are 
described by Sambrook, J., Fritsch, E. F. and Maniatis, T., 
Molecular Cloning: A Laboratory Manual, 2" ed., Cold 
Spring Harbor Laboratory: Cold Spring Harbor, N.Y. (1989) 
(hereinafter “Maniatis”); by Silhavy, T. J., Bennan, M. L. 
and Enquist, L. W., Experiments with Gene Fusions, Cold 
Spring Harbor Laboratory: Cold Spring Harbor, N.Y. 
(1984); and by Ausubel, F. M. et al., Current Protocols in 
Molecular Biology, published by Greene Publishing Assoc. 
and Wiley-Interscience (1987). 
Identification of YAT 1 and the YAT1 Promoter in Yarrowia 
lipolytica 
0082 Ammonium transporters are a family of transport 
ers whose physiological role within a cell is to Scavenge 
external ammonium for use as a nitrogen source (and, under 
Some circumstances, to incorporate ammonium that leaks 
out of cells). In general, the proteins are subject to nitrogen 
control and each have different kinetic properties, specifici 
ties and regulation; for example, the three S. cerevisiae 
MEP1, MEP2, and MEP3 isozymes have been extensively 
characterized by A. M. Marini et al. (EMBO J., 13(15): 
3456-3463 (1994); Mol Cell Biol 17(8):4282-93 (1997)) as 
a low affinity/high capacity ammonia transporter, a high 
affinity/low capacity ammonia transporter, and a low affinity 
ammonia transporter, respectively. 
0083. A cDNA library was constructed from Yarrowia 
lipolytica cells grown in an oleaginous medium containing 
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no nitrogen Source for 4 hrs (i.e., oleaginous conditions that 
promoter oil production). The relative abundance of each 
species of cDNA was then examined to identify those genes 
that were highly expressed under the oleaginous conditions. 
One of the genes that appeared multiple times (16/9984 or 
0.16%) was GenBank Accession No. XM 504457, 
locus tag="YALIOE27203g'. This gene was annotated as a 
hypothetical protein having similarity “to spP41948 Sac 
charomyces cerevisiae YNL142w MEP2 the high affinity, 
low capacity ammonia transporter, GenBank Accession No. 
X83608), hypothetical start”. 
0084. Based on sequence comparison to the MEP1, 
MEP2 and MEP3 genes (supra), the Applicants hypoth 
esized that the Y lipolytica ORF likely encoded an ammo 
nium transporter and designated the gene as the "yat1 gene 
(SEQID NOS:1 and 2). The “YAT1 promoter” was identified 
as the 5' upstream untranslated region in front of the ATG’ 
translation initiation codon of yat1 and that is necessary for 
expression. According to the invention here, this putative 
YAT1 promoter region will be useful for driving expression 
of any suitable coding region of interest in a transformed 
yeast cell. In general, a promoter useful in an oleaginous 
yeast should meet the following criteria: 

0085 1.) Strength. A strong yeast promoter is a nec 
essary premise for a high expression level, and the low 
copy number of the ars 18 (Fournier, P. et al., Yeast 
7:25-36 (1991)) based expression vectors or chimeric 
genes integrated into the genome makes this demand 
even more important when Y lipolytica is used as the 
host organism. 

0.086 2.) Activity in a medium suitable for expression 
of the coding region of interest, and high enzymatic 
activity of that coding region of interest. 

0087 3.) pH Tolerance. If the coding region of interest 
is known to be produced only in e.g., an acidic envi 
ronment, then the promoter operably linked to said 
coding region of interest must function at the appro 
priate pH. pH tolerance is of course limited by the 
tolerance of the host organism. 

0088 4.) Inducibility. A tightly regulated yeast pro 
moter makes it possible to separate the growth stage 
from the expression stage, thereby enabling expression 
of products that are known to inhibit cell growth. 

0089 5.) Activity in the stationary phase of growth in 
oleaginous yeast hosts for accumulation of PUFAs. 

0090. Additionally, it is preferable for novel yeast pro 
moters to possess differences in activity with respect to the 
known Yarrowia lipolytica TEF (U.S. Pat. No. 6,265,185), 
XPR2 (U.S. Pat. No. 4,937,189; EP220864; EP832258), 
GPD, GPM (U.S. Ser. No. 10/869,630), FBA, FBAIN (U.S. 
Ser. No. 10/987,548), and GPAT (U.S. Provisional Patent 
Application No. 60/610,060) promoters and/or the G3P. 
ICL1, POT1, POX1, POX2 and POX5 promoters (Juretzek 
et al., Biotech. Bioprocess Eng., 5:320-326 (2000)). 
0091) A comparative study of the TEF, FBAIN and GPAT 
promoters and the YAT1 promoter of the instant invention is 
provided in Examples 8 and 9. As shown in Table 7 of 
Example 9, the yeast promoter of the present invention has 
improved activity compared to the TEF promoter (i.e., 1.3:1 
nmoles of 4-methylumbelliferone per minute per mg of total 
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protein) under conditions where nitrogen is not limiting (i.e., 
minimal medium containing ammonium Sulfate as the nitro 
gen source). Furthermore, under conditions of nitrogen 
limitation, the YAT1 promoter is significantly induced such 
that the activity is -20-28 times greater than that of TEF: 
thus, when grown in such medium, the activity of the YAT1 
promoter is comparable to that of the strong FBAIN pro 
moter. Based on these results, the Applicants characterize 
the YAT1 promoter as the first promoter identified within 
Yarrowia that is inducible under oleaginous conditions (i.e., 
nitrogen limitation). 
0092 An example of a suitable YAT1 promoter region is 
provided as SEQ ID NO:3 (comprising the -778 to -1 
region of the Y lipolytica yat1 gene (wherein the Aposition 
of the ATG’ translation initiation codon is designated as 
+1)), but this is not intended to be limiting in nature. One 
skilled in the art will recognize that since the exact bound 
aries of the YAT1 promoter sequence have not been com 
pletely defined, DNA fragments of increased or diminished 
length may have identical promoter activity. For example, in 
an alternate embodiment, the YAT1 promoter will comprise 
nucleotides -500 to -1 of SEQID NO:3, thereby permitting 
relatively strong promoter activity; in another embodiment, 
the -100 to -1 region of SEQID NO:3 should be sufficient 
for basal activity of the promoter. Likewise, the promoter 
region of the invention may comprise additional nucleotides 
to those specified above. For example, the promoter 
sequences of the invention may be constructed on the basis 
of the -1000 to +1 region of the yat1 gene (e.g., nucleotide 
bases 3,222,879 to 3,223,879 of GenBank Accession No. 
CR382131, comprising the complete nucleotide sequence of 
chromosome E of strain CLIB99 of Y lipolytica). 
0093. In alternate embodiments mutant promoters may 
be constructed, wherein the DNA sequence of the promoter 
has one or more nucleotide Substitutions (i.e., deletions, 
insertions, Substitutions, or addition of one or more nucle 
otides in the sequence) which do not effect (in particular 
impair) the yeast promoter activity. Regions that can be 
modified without significantly affecting the yeast promoter 
activity can be identified by deletion studies. A mutant 
promoter of the present invention has at least about 20%, 
preferably at least about 40%, more preferably at least about 
60%, more preferably at least about 80%, more preferably at 
least about 90%, more preferably at least about 100%, more 
preferably at least about 200%, more preferably at least 
about 300% and most preferably at least about 400% of the 
promoter activity of the YAT1 promoter region described 
herein as SEQ ID NO:3. 
0094 Methods for mutagenesis are well known in the art 
and Suitable for the generation of mutant promoters. For 
example, in vitro mutagenesis and selection, PCR based 
random mutagenesis, site-directed mutagenesis or other 
means can be employed to obtain mutations of the naturally 
occurring promoter of the instant invention (wherein Such 
mutations may include deletions, insertions and point muta 
tions, or combinations thereof). This would permit produc 
tion of a putative promoter having a more desirable level of 
promoter activity in the host cell. Or, if desired, the regions 
of a nucleotide of interest important for promoter activity 
can be determined through routine mutagenesis, expression 
of the resulting mutant promoters and determination of their 
activities. An overview of these techniques is described in 
U.S. Ser. No. 10/869630. All such mutant promoters that are 
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derived from the instant YAT1 promoter described herein are 
within the scope of the present invention. 
0095 Promoter activity is typically measured against the 
activity of the wild type promoter under similar conditions. 
Promoter activity is generally measured as a function of 
gene expression and may be determined in a variety of ways 
including gene expression profiling, measurement of the 
level of protein expression by SDS gel or other means, or the 
measurement of reporter activity where reporter gene 
fusions have been created. 

Isolation of Homologs of YAT1 and the YAT1 Putative 
Promoter Region 
0096. It will be appreciated by a person of skill in the art 
that the promoter regions of the present invention have 
homologs in a variety of yeast species; and, the use of the 
promoters for regulated, heterologous gene expression are 
not limited to those promoters derived from Yarrowia lipoly 
tica, but extend to homologs in other yeast species. For 
example, the invention encompasses homologs derived from 
oleaginous genera including, but not limited to: Yarrowia, 
Candida, Rhodotorula, Rhodosporidium, Cryptococcus, Tri 
chospOron and Lipomyces; examples of preferred species 
within these genera include: Rhodosporidium toruloides, 
Lipomyces Starkeyi, L. lipoferus, Candida revkaufi, C. pull 
cherrima, C. tropicalis, C. utilis, TrichospOron pullans, T. 
cutaneum, Rhodotorula glutinus and R. graminis. 
0097 Homology typically is measured using sequence 
analysis Software, wherein the term "sequence analysis 
software” refers to any computer algorithm or software 
program (commercially available or independently devel 
oped) that is useful for the analysis of nucleotide or amino 
acid sequences. In general. Such computer Software matches 
similar sequences by assigning degrees of homology to 
various Substitutions, deletions and other modifications. 

0098. As is well known in the art, isolation of homolo 
gous promoter regions using sequence-dependent protocols 
is readily possible using various techniques; and, these 
techniques can rely on either the direct identification of a 
promoter having homology to the YAT1 promoter of the 
invention or the indirect identification of a promoter by 
initial identification of gene having significant homology to 
the yat1 gene and then analysis of the 5' upstream sequence 
of the homologous gene. Examples of sequence-dependent 
protocols include, but are not limited to: 1.) methods of 
nucleic acid hybridization; 2.) methods of DNA and RNA 
amplification, as exemplified by various uses of nucleic acid 
amplification technologies e.g., polymerase chain reaction 
(PCR), Mullis et al., U.S. Pat. No. 4,683.202; ligase chain 
reaction (LCR), Tabor, S. et al., Proc. Acad. Sci. USA 
82:1074 (1985); or strand displacement amplification 
(SDA), Walker, et al., Proc. Natl. Acad. Sci. U.S.A., 89:392 
(1992); and 3.) methods of library construction and screen 
ing by complementation. 

0099 For example, putative promoter regions to those of 
the instant invention could be isolated by using all or a 
portion of the YAT1 nucleic acid molecules (e.g., corre 
sponding to the promoter, gene or a combination thereof) as 
DNA hybridization probes to screen libraries from any 
desired microbe using methodology well known to those 
skilled in the art. Specific oligonucleotide probes based upon 
the instant nucleic acid sequences can be designed and 
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synthesized by methods known in the art (Maniatis, Supra). 
Moreover, the entire sequences can be used directly to 
synthesize DNA probes by methods known to the skilled 
artisan (e.g., random primers DNA labeling, nick translation, 
or end-labeling techniques), or RNA probes using available 
in vitro transcription systems. In addition, specific primers 
can be designed and used to amplify a part of (or full-length 
of) the instant sequences. The resulting amplification prod 
ucts can be labeled directly during amplification reactions or 
labeled after amplification reactions, and used as probes to 
isolate full-length DNA fragments under conditions of 
appropriate Stringency. 

0100 Typically, in PCR-type amplification techniques, 
the primers have different sequences and are not comple 
mentary to each other. Depending on the desired test con 
ditions, the sequences of the primers should be designed to 
provide for both efficient and faithful replication of the target 
nucleic acid. Methods of PCR primer design are common 
and well known in the art (Thein and Wallace, “The use of 
oligonucleotides as specific hybridization probes in the 
Diagnosis of Genetic Disorders', in Human Genetic Dis 
eases: A Practical Approach, K. E. Davis (Ed.). (1986) pp 
33-50 IRL: Herndon, Va.; and Rychlik, W., In Methods in 
Molecular Biology, White, B. A. (Ed.), (1993) Vol. 15, pp 
31-39, PCR Protocols: Current Methods and Applications. 
Humania: Totowa, N.J.). 
0101 Generally two short segments of the instant 
sequences may be used in PCR protocols to amplify longer 
nucleic acid molecules encoding homologous polynucle 
otides from DNA or RNA. The PCR may also be performed 
on a library of cloned nucleic acid molecules wherein the 
sequence of one primer is derived from the instant nucleic 
acid molecules, and the sequence of the other primer takes 
advantage of the presence of the polyadenylic acid tracts to 
the 3' end of the mRNA precursor encoding microbial genes. 
0102 Alternatively, the instant sequences may be 
employed as hybridization reagents for the identification of 
homologs. The basic components of a nucleic acid hybrid 
ization test include a probe, a sample Suspected of contain 
ing the nucleotide sequence of interest, and a specific 
hybridization method. Probes of the present invention are 
typically single-stranded nucleic acid sequences that are 
complementary to the nucleic acid sequences to be detected. 
Probes are “hybridizable' to the nucleic acid sequence to be 
detected. The probe length can vary from 5 bases to tens of 
thousands of bases, and will depend upon the specific test to 
be done. Typically a probe length of about 15 bases to about 
30 bases is suitable. Only part of the probe molecule need be 
complementary to the nucleic acid sequence to be detected. 
In addition, the complementarity between the probe and the 
target sequence need not be perfect. Hybridization does 
occur between imperfectly complementary molecules with 
the result that a certain fraction of the bases in the hybridized 
region are not paired with the proper complementary base. 

0103 Hybridization methods are well defined. Typically 
the probe and sample must be mixed under conditions that 
will permit nucleic acid hybridization. This involves con 
tacting the probe and sample in the presence of an inorganic 
or organic salt under the proper concentration and tempera 
ture conditions. The probe and sample nucleic acids must be 
in contact for a long enough time that any possible hybrid 
ization between the probe and sample nucleic acid may 
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occur. The concentration of probe or target in the mixture 
will determine the time necessary for hybridization to occur. 
The higher the probe or target concentration, the shorter the 
hybridization incubation time needed. Optionally, a chao 
tropic agent may be added. The chaotropic agent stabilizes 
nucleic acids by inhibiting nuclease activity. Furthermore, 
the chaotropic agent allows sensitive and stringent hybrid 
ization of short oligonucleotide probes at room temperature 
(Van Ness and Chen, Nucl. Acids Res. 19:5143-5151 
(1991)). Suitable chaotropic agents include guanidinium 
chloride, guanidinium thiocyanate, sodium thiocyanate, 
lithium tetrachloroacetate, sodium perchlorate, rubidium tet 
rachloroacetate, potassium iodide and cesium trifluoroac 
etate, among others. Typically, the chaotropic agent will be 
present at a final concentration of about 3 M. If desired, one 
can add formamide to the hybridization mixture, typically 
30-50% (v/v). 
0.104 Various hybridization solutions can be employed. 
Typically, these comprise from about 20 to 60% volume, 
preferably 30%, of a polar organic solvent. A common 
hybridization solution employs about 30-50% v/v forma 
mide, about 0.15 to 1 M sodium chloride, about 0.05 to 0.1 
M buffers (e.g., sodium citrate, Tris-HCl, PIPES or HEPES 
(pH range about 6-9)), about 0.05 to 0.2% detergent (e.g., 
sodium dodecylsulfate), or between 0.5-20 mM EDTA, 
FICOLL (Pharmacia Inc.) (about 300-500 kdal), polyvi 
nylpyrrolidone (about 250-500 kdal) and serum albumin. 
Also included in the typical hybridization solution will be 
unlabeled carrier nucleic acids from about 0.1 to 5 mg/mL, 
fragmented nucleic DNA (e.g., calf thymus or salmon sperm 
DNA, or yeast RNA), and optionally from about 0.5 to 2% 
wit/vol glycine. Other additives may also be included, such 
as Volume exclusion agents that include a variety of polar 
water-soluble or Swellable agents (e.g., polyethylene gly 
col), anionic polymers (e.g., polyacrylate or polymethy 
lacrylate) and anionic saccharidic polymers (e.g., dextran 
sulfate). 
Recombinant Expression in Yeast 
0105. Initiation control regions or promoter regions that 
are useful to drive expression of a coding gene of interest in 
the desired host cell are selected from those derived from the 
upstream portion of the yat1 gene (SEQ ID NO:1). The 
promoter regions may be identified from the upstream 
sequences of yat1 and its homologs and isolated according 
to common methods (Maniatis, Supra). Once a promoter 
region is identified and isolated (e.g., SEQID NO:3), it may 
be operably linked to a coding region of interest to be 
expressed in a Suitable expression vector. These chimeric 
genes may then be expressed in natural host cells and 
heterologous host cells, particularly in the cells of oleagi 
nous yeast hosts. Thus, one aspect of the present invention 
provides a recombinant expression vector comprising a 
yeast promoter of the invention. 
0106. In a further aspect, the invention provides a method 
of expressing a coding region of interest in a transformed 
yeast, wherein a transformed yeast is provided having a 
chimeric gene comprising: (i) a promoter region of a Yar 
rowia yat1 gene; and, (ii) a coding region of interest express 
ible in the yeast, wherein the promoter region is operably 
linked to the coding region of interest; and the transformed 
yeast is grown under conditions wherein the chimeric gene 
is expressed. The polypeptide so produced can optionally be 
recovered from the culture. 
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0107 Microbial expression systems and expression vec 
tors are well known to those skilled in the art. Any of these 
could be used to construct chimeric genes comprising a 
promoter region derived from the yat1 gene for production 
of any specific coding region of interest Suitable for regu 
lated expression in a desirable yeast host cell. These chi 
meric genes could then be introduced into appropriate 
microorganisms by integration via transformation to provide 
expression of the enzymes upon induction. Alternatively, the 
promoters can be cloned into a plasmid that is capable of 
transforming and replicating itself in the preferred yeast. The 
coding region of interest to be expressed can then be cloned 
downstream from the promoter. Once the recombinant host 
is established, regulated gene expression can be accom 
plished by growing the cells under Suitable conditions 
(infra). 
0108 Suitable Coding Regions of Interest 
0109 Useful chimeric genes will include the promoter 
region of the yat1 gene as defined herein or a mutant 
promoter thereof, operably linked to a suitable coding region 
of interest to be expressed in a preferred host cell. 
0110 Coding regions of interest to be expressed in the 
recombinant yeast host may be either endogenous to the host 
or heterologous and must be compatible with the host 
organism. Genes encoding proteins of commercial value are 
particularly suitable for expression. For example, suitable 
coding regions of interest may include (but are not limited 
to) those encoding viral, bacterial, fungal, plant, insect, or 
vertebrate coding regions of interest, including mammalian 
polypeptides. Further, these coding regions of interest may 
be, for example, structural proteins, enzymes (e.g., oxi 
doreductases, transferases, hydrolyases, lyases, isomerases, 
ligases), or peptides. A non-limiting list includes genes 
encoding enzymes Such as acyltransferases, aminopepti 
dases, amylases, carbohydrases, carboxypeptidases, catal 
yases, cellulases, chitinases, cutinases, cyclodextrin glyco 
Syltransferases, deoxyribonucleases, esterases, 
O-galactosidases, f-glucanases, f-galactosidases, glu 
coamylases, C-glucosidases, B-glucosidases, invertases, lac 
cases, lipases, mannosidases, mutanases, oxidases, pecti 
nolytic enzymes, peroxidases, phospholipases, phytases, 
polyphenoloxidases, proteolytic enzymes, ribonucleases, 
transglutaminases or Xylanases. 

0111 Preferred in the present invention in some embodi 
ments are coding regions of the enzymes involved in the 
production of microbial oils, including (D-6 and (0-3 fatty 
acids. These coding regions include desaturases and elon 
gases (e.g., see WO 2004/101757 for a partial review of 
available genes in GenBank and/or the patent literature and 
considerations for choosing a specific polypeptide having 
desaturase or elongase activity). 

Components of Vectors/DNA Cassettes 

0112 Vectors or DNA cassettes useful for the transfor 
mation of suitable host cells are well known in the art. The 
specific choice of sequences present in the construct is 
dependent upon the desired expression products (Supra), the 
nature of the host cell, and the proposed means of separating 
transformed cells versus non-transformed cells. Typically, 
however, the vector or cassette contains sequences directing 
transcription and translation of the relevant gene(s), a select 
able marker, and sequences allowing autonomous replica 
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tion or chromosomal integration. Suitable vectors comprise 
a region 5' of the gene that controls transcriptional initiation 
and a region 3' of the DNA fragment that controls transcrip 
tional termination. It is most preferred when both control 
regions are derived from genes from the transformed host 
cell, although it is to be understood that such control regions 
need not be derived from the genes native to the specific 
species chosen as a production host. 
0113 Nucleotide sequences surrounding the translational 
initiation codon ATG' have been found to affect expression 
in yeast cells. If the desired polypeptide is poorly expressed 
in yeast, the nucleotide sequences of exogenous genes can 
be modified to include an efficient yeast translation initiation 
sequence motif to obtain optimal gene expression. For 
expression in yeast, this can be done by site-directed 
mutagenesis of an inefficiently expressed gene to include the 
favored translation initiation motif. 

0114. The termination region can be derived from the 3' 
region of the gene from which the initiation region was 
obtained or from a different gene. A large number of 
termination regions are known and function satisfactorily in 
a variety of hosts (when utilized both in the same and 
different genera and species from where they were derived). 
The termination region usually is selected more as a matter 
of convenience rather than because of any particular prop 
erty. Preferably, the termination region is derived from a 
yeast gene, particularly Saccharomyces, Schizosaccharomy 
ces, Candida, Yarrowia or Kluyveromyces. The 3'-regions of 
mammalian genes encoding Y-interferon and C-2 interferon 
are also known to function in yeast. Termination control 
regions may also be derived from various genes native to the 
preferred hosts. Optionally, a termination site may be unnec 
essary; however, it is most preferred if included. 
0.115. As one of skill in the art is aware, merely inserting 
a chimeric gene into a cloning vector does not ensure that it 
will be successfully expressed at the level needed. In 
response to needs for high expression rates, many special 
ized expression vectors have been created by manipulating 
a number of different genetic elements that control aspects 
of transcription, translation, protein stability, oxygen limi 
tation and secretion from the host cell. More specifically, 
some of the molecular features that have been manipulated 
to control gene expression include: 1.) the nature of the 
relevant transcriptional promoter and terminator sequences; 
2.) whether the gene is plasmid-borne or integrated into the 
genome of the host cell and the number of copies of the 
cloned gene e.g., additional copies a particular coding 
region of interest (operably linked to the promoter of the 
instant invention) may be introduced into the host to 
increase expression; 3.) the final cellular location of the 
synthesized foreign protein; 4.) the efficiency of translation 
in the host organism; 5.) the intrinsic stability of the cloned 
gene protein within the host cell e.g., expression of the 
coding region of interest can be increased by removing/ 
deleting destabilizing sequences from either the mRNA or 
the encoded protein or by adding stabilizing sequences to the 
mRNA (U.S. Pat. No. 4,910,141); and 6.) the codon usage 
within the cloned gene. Such that its frequency approaches 
the frequency of preferred codon usage of the host cell e.g. 
translational efficiency of the encoded mRNAs can be 
increased by replacement of codons in the native gene with 
those for optimal gene expression in the selected host 
microorganism, to thereby Substantially enhance the expres 
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sion of the foreign gene encoding the polypeptide. Each of 
these types of modifications are encompassed in the present 
invention, as means to further optimize expression of a 
chimeric gene comprising a promoter region of the yat1 
gene as defined herein or a mutant promoter thereof, oper 
ably linked to a Suitable coding region of interest. 
0116 Transformation of Yeast Cells 
0117. Once an appropriate chimeric gene has been con 
structed that is Suitable for regulated expression in a yeast 
cell, it is placed in a plasmid vector capable of autonomous 
replication in a host cell or it is directly integrated into the 
genome of the host cell. Integration of expression cassettes 
can occur randomly within the host genome or can be 
targeted through the use of constructs containing regions of 
homology with the host genome Sufficient to target recom 
bination with the host locus. Where constructs are targeted 
to an endogenous locus, all or some of the transcriptional 
and translational regulatory regions can be provided by the 
endogenous locus. 
0118 Where two or more genes are expressed from 
separate replicating vectors, it is desirable that each vector 
has a different means of selection and should lack homology 
to the other constructs to maintain stable expression and 
prevent reassortment of elements among constructs. Judi 
cious choice of regulatory regions, selection means and 
method of propagation of the introduced construct can be 
experimentally determined so that all introduced genes are 
expressed at the necessary levels to provide for synthesis of 
the desired products. 
0119 Constructs comprising a coding region of interest 
may be introduced into a host cell by any standard tech 
nique. These techniques include transformation (e.g., 
lithium acetate transformation Methods in Enzymology, 
194: 186-187 (1991)), protoplast fusion, biolistic impact, 
electroporation, microinjection, or any other method that 
introduces the gene of interest into the host cell. More 
specific teachings applicable for oleaginous yeast (i.e., Yar 
rowia lipolytica) include U.S. Pat. No. 4,880,741 and No. 
5,071,764 and Chen, D.C. et al. (Appl Microbiol Biotechnol. 
48(2):232-235 (1997)). 
0120 For convenience, a host cell that has been manipu 
lated by any method to take up a DNA sequence (e.g., an 
expression cassette) will be referred to as “transformed’ or 
“recombinant herein. The transformed host will have at 
least one copy of the expression construct and may have two 
or more, depending upon whether the gene is integrated into 
the genome, amplified, or is present on an extrachromo 
Somal element having multiple copy numbers. The trans 
formed host cell can be identified by various selection 
techniques, as described in commonly owned U.S. Ser. No. 
10/869,630. 
Preferred Hosts 

0121 Preferred host cells for expression of coding 
regions of interest operably linked to the instant promoter 
fragments herein are yeast cells (where oleaginous yeast are 
most preferred where the desired use is for the production of 
microbial oils, infra). Oleaginous yeast are naturally capable 
of oil synthesis and accumulation, wherein the oil can 
comprise greater than about 25% of the cellular dry weight, 
more preferably greater than about 30% of the cellular dry 
weight, and most preferably greater than about 40% of the 
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cellular dry weight. Genera typically identified as oleagi 
nous yeast include, but are not limited to: Yarrowia, Can 
dida, Rhodotorula, Rhodosporidium, Cryptococcus, Tricho 
spOron and Lipomyces. More specifically, illustrative oil 
synthesizing yeast include: Rhodosporidium toruloides, 
Lipomyces Starkeyi, L. lipoferus, Candida revkaufi, C. pull 
cherrima, C. tropicalis, C. utilis, TrichospOron pullans, T. 
cutaneum, Rhodotorula glutinus, R. graminis and Yarrowia 
lipolytica (formerly classified as Candida lipolytica). 
0.122 Most preferred is the oleaginous yeast Yarrowia 
lipolytica; and, in a further embodiment, most preferred are 
the Y lipolytica strains designated as ATCC #20362, ATCC 
#8862, ATCC #18944, ATCC #76982 and/or LGAM S(7)1 
(Papanikolaou. S., and Aggelis G. Bioresour: Technol. 
82(1):43-9 (2002)). The Y lipolytica strain designated as 
ATCC #20362 was the particular strain from which the 
YAT1 promoter was isolated therefrom. 
Industrial Production using Transformed Yeast Expressing a 
Suitable Coding Region of Interest 
0123. In general, media conditions that may be optimized 
for regulated expression of a particular coding region of 
interest include the type and amount of carbon Source, the 
type and amount of nitrogen source, the carbon-to-nitrogen 
ratio, the oxygen level, growth temperature, pH, length of 
the biomass production phase and the time of cell harvest. 
Microorganisms of interest, such as oleaginous yeast, are 
grown in complex media (e.g., yeast extract-peptone-dex 
trose broth (YPD)) or a defined minimal media that lacks a 
component necessary for growth and thereby forces selec 
tion of the desired expression cassettes (e.g., Yeast Nitrogen 
Base (DIFCO Laboratories, Detroit, Mich.)). 
0.124 Fermentation media in the present invention must 
contain a suitable carbon Source. Suitable carbon Sources 
may include, but are not limited to: monosaccharides (e.g., 
glucose, fructose), disaccharides (e.g., lactose, Sucrose), 
oligosaccharides, polysaccharides (e.g., starch, cellulose or 
mixtures thereof), Sugar alcohols (e.g., glycerol) or mixtures 
from renewable feedstocks (e.g., cheese whey permeate, 
cornsteep liquor, Sugar beet molasses, barley malt). Addi 
tionally, carbon sources may include alkanes, fatty acids, 
esters of fatty acids, monoglycerides, diglycerides, triglyc 
erides, phospholipids and various commercial sources of 
fatty acids including vegetable oils (e.g., soybean oil) and 
animal fats. Additionally, the carbon Source may include 
one-carbon sources (e.g., carbon dioxide, methanol, form 
aldehyde, formate, carbon-containing amines) for which 
metabolic conversion into key biochemical intermediates 
has been demonstrated. Hence it is contemplated that the 
Source of carbon utilized in the present invention may 
encompass a wide variety of carbon-containing sources and 
will only be limited by the choice of the host organism. 
Although all of the above mentioned carbon sources and 
mixtures thereof are expected to be suitable in the present 
invention, preferred carbon Sources are Sugars and/or fatty 
acids. Most preferred is glucose and/or fatty acids contain 
ing between 10-22 carbons. 
0.125 Nitrogen may be supplied from an inorganic (e.g., 
(NH4)2SO) or organic source (e.g., urea or glutamate). 
Although the YAT1 promoter is active in media containing 
nitrogen (e.g., up to about 0.5% ammonium sulfate), the 
activity of the promoter increases when the host cell is 
grown in nitrogen-limiting conditions (e.g., in medium 
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containing very low levels of ammonium, or lacking ammo 
nium). Thus, a preferred medium would be one that contains 
less than about 0.1% ammonium sulfate, or other suitable 
ammonium salts. 

0126. In a more preferred embodiment, the YAT1 pro 
moter is induced when the host cell is grown in media with 
a high carbon to nitrogen (i.e., C.N) ratio. Such as a high 
glucose medium containing about 8-12% glucose, and about 
0.1% or less ammonium sulfate. These conditions are also 
Sufficient to induce oleaginy in those yeast that are oleagi 
nous (e.g., Yarrowia lipolytica). 
0127. In addition to appropriate carbon and nitrogen 
Sources, the fermentation media must also contain Suitable 
minerals, salts, cofactors, buffers, vitamins, and other com 
ponents known to those skilled in the art suitable for the 
growth of the microorganism. 
0128 Preferred growth media in the present invention are 
common commercially prepared media, Such as minimal 
media made with Yeast Nitrogen Base (DIFCO Laborato 
ries, Detroit, Mich.). Other defined or synthetic growth 
media may also be used and the appropriate medium for 
growth of the particular microorganism will be known by 
one skilled in the art of microbiology or fermentation 
Science. A suitable pH range for the fermentation is typically 
between about pH 4.0 to pH 8.0, wherein pH 5.5 to pH 7.0 
is preferred as the range for the initial growth conditions. 
The fermentation may be conducted under aerobic or 
anaerobic conditions, wherein microaerobic conditions are 
preferred. 
0129 Host cells comprising a suitable coding region of 
interest operably linked to the promoters of the present 
invention may be cultured using methods known in the art. 
For example, the cell may be cultivated by shake flask 
cultivation, Small-scale or large-scale fermentation in labo 
ratory or industrial fermentors performed in a suitable 
medium and under conditions allowing regulated expression 
of the coding region of interest. Furthermore, where com 
mercial production of a product that relies on the instant 
genetic chimera is desired, a variety of culture methodolo 
gies may be applied. For example, large-scale production of 
a specific gene product over-expressed from a recombinant 
host may be produced by a batch, fed-batch or continuous 
fermentation process, as is well known in the art (see, e.g., 
Thomas D. Brock in Biotechnology: A Textbook of Industrial 
Microbiology 2" ed., (1989) Sinauer Associates: Sunder 
land, Mass.; or Deshpande, Mukund V., Appl. Biochem. 
Biotechnol., 36:227 (1992), each herein incorporated by 
reference). 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0130. Although the promoters of the present invention 
will be suitable for regulated expression of any suitable 
coding region of interest in an oleaginous yeast, in a 
preferred embodiment the promoters will be utilized in the 
development of an oleaginous yeast that accumulates high 
levels of oils enriched in PUFAs. Toward this end, it is 
necessary to introduce and express e.g., desaturases and 
elongases that allow for the synthesis and accumulation of 
c)-3 and/or ()-6 fatty acids. 
0131 The term “fatty acids’ refers to long chain aliphatic 
acids (alkanoic acids) of varying chain lengths, from about 
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C to C (although both longer and shorter chain-length 
acids are known). The predominant chain lengths are 
between C and C. The structure of a fatty acid is 
represented by a simple notation system of “X:Y”, where X 
is the total number of carbon (C) atoms and Y is the number 
of double bonds. Additional details concerning the differ 
entiation between “saturated fatty acids' versus “unsatur 
ated fatty acids”, “monounsaturated fatty acids' versus 
"polyunsaturated fatty acids’ (or “PUFAs), and “co-6 fatty 
acids’ (co-6 or n-6) versus “co-3 fatty acids’ (c)-3 or n-3) are 
provided in commonly owned U.S. Ser. No. 10/840,579. 

0132) Nomenclature used to describe PUFAs in the 
present disclosure is shown below in Table 2. In the column 
titled “Shorthand Notation', the omega-reference system is 
used to indicate the number of carbons, the number of 
double bonds and the position of the double bond closest to 
the omega carbon, counting from the omega carbon (which 
is numbered 1 for this purpose). The remainder of the Table 
Summarizes the common names of c)-3 and c)-6 fatty acids, 
the abbreviations that will be used throughout the remainder 
of the specification, and each compounds chemical name. 

TABLE 2 

Nomenclature Of Polyunsaturated Fatty Acids 

Shorthand 
Common Name Abbreviation Chemical Name Notation 

Linoleic LA cis-9,12-octadecadienoic 18:2 (0-6 
Y-Linoleic GLA cis-69,12- 18:3 (0-6 

octadecatrienoic 
Eicosadienoic EDA cis-11,14-eicosadienoic 20:2 (0-6 
Dihomo-y- DGLA cis-8,11,14-eicosatrienoic 20:3 (0-6 
Linoleic 
Arachidonic ARA cis-5,8,11,14- 20:4 (0-6 

eicosatetraenoic 
C-Linolenic ALA cis-9,12,15- 18:3 (O-3 

octadecatrienoic 
Stearidonic STA cis-69,12,15- 18:4 (0-3 

octadecatetraenoic 
Eicosatrienoic ETrA cis-11, 14,17- 20:3 (O-3 

eicosatrienoic 
Eicosatetraenoic ETA cis-8,11,1417- 20:4 (0-3 

eicosatetraenoic 
Eicosapentaenoic EPA cis-5,8,11,14, 17- 20:5 (O-3 

eicosapentaenoic 
Docosapentaenoic DPA cis-7,10,13,16,19- 22:5 (O-3 

docosapentaenoic 
Docosahexaenoic DHA cis-4,7,10,13,16,19- 22:6 (0-3 

docosahexaenoic 

Microbial Biosynthesis of Omega-3 and Omega-6 Fatty 
Acids 

0.133 The process of de novo synthesis of palmitate 
(16:0) in oleaginous microorganisms is described in com 
monly owned U.S. Ser. No. 10/840,579. This fatty acid is the 
precursor of longer-chain Saturated and unsaturated fatty 
acid derivates, which are formed through the action of 
elongases and desaturases. For example, palmitate is con 
verted to its unsaturated derivative palmitoleic acid (16:1) 
by the action of a A9 desaturase; similarly, palmitate is 
elongated to form stearic acid (18:0), which can be con 
verted to its unsaturated derivative by a A9 desaturase to 
thereby yield oleic (18:1) acid. 

0.134. The metabolic process that converts LA to GLA, 
DGLA and ARA (the co-6 pathway) and ALA to STA, ETA, 
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EPA and DHA (the co-3 pathway) is well described in the 
literature and is schematically depicted in FIG. 5 (see also 
commonly owned U.S. Ser. No. 10/840,579 and U.S. Ser. 
No. 10/869,630). Simplistically, this process involves elon 
gation of the carbon chain through the addition of carbon 
atoms and desaturation of the molecule through the addition 
of double bonds, via a series of special desaturation and 
elongation enzymes present in the endoplasmic reticulim 
membrane (and hereinafter referred to as “PUFA biosyn 
thetic pathway enzymes'). 

0135) More specifically, “PUFA biosynthetic pathway 
enzymes' or “co-3/co-6 biosynthetic pathway enzymes' will 
refer to any of the following enzymes (and genes which 
encode said enzymes) associated with the biosynthesis of a 
PUFA, including: a A4 desaturase, a A5 desaturase, a A6 
desaturase, a A12 desaturase, a A15 desaturase, a A17 
desaturase, a A9 desaturase, a A8 desaturase and/or an 
elongase(s). For further clarity within the present disclosure, 
the term “desaturase' refers to a polypeptide that can desatu 
rate one or more fatty acids to produce a mono- or polyun 
saturated fatty acid or precursor of interest. Thus, despite use 
of the omega-reference system to refer to specific fatty acids, 
it is more convenient to indicate the activity of a desaturase 
by counting from the carboxyl end of the Source using the 
delta-system. For example, a A17 desaturase will desaturate 
a fatty acid between the 17" and 18" carbonatom numbered 
from the carboxyl-terminal end of the molecule and can, for 
example, catalyze the conversion of ARA to EPA and/or 
DGLA to ETA. In contrast, the term “elongase' refers to a 
polypeptide that can elongate a fatty acid carbon chain to 
produce a mono- or polyunsaturated fatty acid that is 2 
carbons longer than the fatty acid source that the elongase 
acts upon. This process of elongation occurs in a multi-step 
mechanism in association with fatty acid synthase, whereby 
CoA is the acyl carrier (Lassner et al., The Plant Cell 
8:281-292 (1996)). 

0136. As will be understood by one skilled in the art, the 
particular functionalities required to be introduced into a 
host organism for production of a particular PUFA final 
product will depend on the host cell (and its native PUFA 
profile and/or desaturasefelongase profile), the availability 
of substrate and the desired end product(s). As shown in 
FIG. 5, LA, GLA, EDA, DGLA, ARA, ALA, STA, ETrA, 
ETA, EPA, DPA and DHA may all be produced in oleagi 
nous yeast, by introducing various combinations of the 
following PUFA enzyme functionalities: a A4 desaturase, a 
A5 desaturase, a A6 desaturase, a A12 desaturase, a A15 
desaturase, a A17 desaturase, a A9 desaturase, a A8 desatu 
rase and/or an elongase(s). One skilled in the art will be able 
to identify various candidate genes encoding each of the 
above enzymes, according to publicly available literature 
(e.g., GenBank), the patent literature, and experimental 
analysis of microorganisms having the ability to produce 
PUFAs. Thus, a variety of desaturases and elongases are 
Suitable as coding regions of interest in the present inven 
tion. These coding regions of interest could be operably 
linked to the YAT1 promoters of the present invention or 
mutant promoters thereof, and used as chimeric genes for 
expression of various (D-6 and c)-3 fatty acids, using tech 
niques well known to those skilled in the art (e.g., see WO 
2004/101757 and co-pending U.S. patent application Ser. 
No. 60/624.812). As such, the invention provides a method 
for the production of c)-3 and/or (D-6 fatty acids comprising: 
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0.137 a) providing a transformed oleaginous yeast 
comprising a genetic construct, said construct compris 
1ng: 

0.138) 
and, 

1) a promoter region of a Yarrowia yat1 gene; 

0.139 2) a coding region of interest encoding at least 
one enzyme of the co-3/co-6 fatty acid biosynthetic 
pathway; 

0140 wherein the promoter region and coding 
region are operably linked; 

0.141 b) culturing the transformed oleaginous yeast of 
step (a) under conditions whereby the at least one 
enzyme of the co-3/co-6 fatty acid biosynthetic pathway 
is expressed and a c)-3 or (D-6 fatty acid is produced; 
and, 

0.142 c) optionally recovering the co-3 or (D-6 fatty 
acid. 

0.143. In preferred embodiments, the nucleic acid 
sequence of the promoter region is selected from the group 
consisting of: SEQID NO:3, and subsequences and mutant 
promoters thereof; the coding region of interest is any 
desaturase or elongase Suitable for regulated expression in 
the oleaginous yeast for the production of c)-3 or ()-6 fatty 
acids; and, the transformed oleaginous yeast is cultured 
under conditions that induce oleaginy. 
0144) More specifically, for production of the greatest 
and the most economical yield of PUFAs, the transformed 
oleaginous yeast host cell is grown under conditions that 
optimize desaturase and elongase activities by optimizing 
expression of the chimeric genes of the present invention, 
wherein these chimeric genes comprise a promoter region of 
a yat1 gene and a coding region of interest encoding a PUFA 
biosynthetic pathway enzyme. Typically, accumulation of 
high levels of PUFAs in oleaginous yeast cells requires a 
two-stage process, since the metabolic state must be “bal 
anced' between growth and synthesis/storage of fats. Thus, 
most preferably, a two-stage fermentation process is neces 
sary for the production of PUFAs in oleaginous yeast. In this 
approach, the first stage of the fermentation is dedicated to 
the generation and accumulation of cell mass and is char 
acterized by rapid cell growth and cell division. In the 
second stage of the fermentation, it is preferable to establish 
conditions of nitrogen deprivation in the culture to promote 
high levels of lipid accumulation. 

0145 The effect of this nitrogen deprivation is two-fold. 
First, the nitrogen deprivation reduces the effective concen 
tration of AMP in the cells, thereby reducing the activity of 
the NAD-dependent isocitrate dehydrogenase of mitochon 
dria. When this occurs, citric acid will accumulate, thus 
forming abundant pools of acetyl-CoA in the cytoplasm and 
priming fatty acid synthesis. Secondly, the nitrogen depri 
vation induces the YAT1 promoter of the invention, thereby 
promoting expression of any chimeric genes of the invention 
comprising the YAT1 promoter and a coding region of 
interest encoding an enzyme of the ()-3/co-6 fatty acid 
biosynthetic pathway. Thus, this second phase of the 2-stage 
fermentation is characterized by the cessation of cell divi 
sion followed by the synthesis of fatty acids and accumu 
lation of oil. 
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0146 Although cells are typically grown at about 30°C., 
Some studies have shown increased synthesis of unsaturated 
fatty acids at lower temperatures (Yongmanitchai and Ward, 
Appl. Environ. Microbiol. 57:419-25 (1991)). Based on 
process economics, this temperature shift should likely 
occur after the first phase of the two-stage fermentation, 
when the bulk of the organisms growth has occurred. 
0147 Additionally, particular attention is given to several 
metal ions (e.g., Mn, Co., Zn, Mg") that promote 
synthesis of lipids and PUFAs in the fermentation media 
(Nakahara, T. et al. Ind. Appl. Single Cell Oils, D. J. Kyle 
and R. Colin, eds. pp 61-97 (1992)). 
Purification of PUFAs 

0148. The PUFAs produced in a host microorganism as 
described herein may be found as free fatty acids or in 
esterified forms such as acylglycerols, phospholipids, Sul 
folipids or glycolipids, and may be extracted from the host 
cell through a variety of means well-known in the art. One 
review of extraction techniques, quality analysis and accept 
ability standards for yeast lipids is that of Z. Jacobs (Critical 
Reviews in Biotechnology 12(5/6):463-491 (1992)). A brief 
review of downstream processing is also available by A. 
Singh and O. Ward (Adv. Appl. Microbiol. 45:271-312 
(1997)). 
0149. In general, means for the purification of fatty acids 
(including PUFAs) may include extraction with organic 
solvents, Sonication, Supercritical fluid extraction (e.g., 
using carbon dioxide), Saponification and physical means 
Such as presses, or combinations thereof example of which 
are contained in commonly owned U.S. Ser. No. 10/840,579. 

EXAMPLES 

0150. The present invention is further defined in the 
following Examples. It should be understood that these 
Examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only. From the 
above discussion and these Examples, one skilled in the art 
can ascertain the essential characteristics of this invention, 
and without departing from the spirit and scope thereof, can 
make various changes and modifications of the invention to 
adapt it to various usages and conditions. 
General Methods 

0151 Standard recombinant DNA and molecular cloning 
techniques used in the Examples are well known in the art 
and are described by: 1.) Sambrook, J., Fritsch, E. F. and 
Maniatis, T. Molecular Cloning: A Laboratory Manual: 
Cold Spring Harbor Laboratory: Cold Spring Harbor, N.Y. 
(1989) (hereinafter “Maniatis”); 2.) T. J. Silhavy, M. L. 
Bennan, and L. W. Enquist, Experiments with Gene Fusions: 
Cold Spring Harbor Laboratory: Cold Spring Harbor, N.Y. 
(1984); and 3.) Ausubel, F. M. et al., Current Protocols in 
Molecular Biology, published by Greene Publishing Assoc. 
and Wiley-Interscience (1987). 

0152 Materials and methods suitable for the mainte 
nance and growth of microbial cultures are well known in 
the art. Techniques suitable for use in the following 
examples may be found as set out in Manual of Methods for 
General Bacteriology (Phillipp Gerhardt, R. G. E. Murray, 
Ralph N. Costilow, Eugene W. Nester, Willis A. Wood, Noel 
R. Krieg and G. Briggs Phillips, Eds), American Society for 
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Microbiology: Washington, D.C. (1994)); or by Thomas D. 
Brock in Biotechnology: A Textbook of Industrial Microbi 
ology, 2" ed., Sinauer Associates: Sunderland, Mass. 
(1989). All reagents, restriction enzymes and materials used 
for the growth and maintenance of microbial cells were 
obtained from Aldrich Chemicals (Milwaukee, Wis.), 
DIFCO Laboratories (Detroit, Mich.), GIBCO/BRL (Gaith 
ersburg, Md.) or Sigma Chemical Company (St. Louis, 
Mo.), unless otherwise specified. 
0.153 General molecular cloning was performed accord 
ing to standard methods (Sambrook et al., Supra). Oligo 
nucleotides were synthesized by Sigma-Genosys (Spring, 
Tex.). When polymerase chain reaction (PCR) was involved 
in Subcloning, the constructs were sequenced to confirm that 
no errors had been introduced to the sequence. PCR products 
were cloned into Promega’s pGEM-T-easy vector (Madison, 
Wis.). 
0154) Manipulations of genetic sequences were accom 
plished using the Suite of programs available from the 
Genetics Computer Group Inc. (Wisconsin Package Version 
9.0. Genetics Computer Group (GCG), Madison, Wis.). The 
GCG program "Pileup' was used with the gap creation 
default value of 12, and the gap extension default value of 
4. The GCG “Gap' or “Besfit' programs were used with the 
default gap creation penalty of 50 and the default gap 
extension penalty of 3. Unless otherwise stated, in all other 
cases GCG program default parameters were used. 

99 O155 The meaning of abbreviations is as follows: “sec 
means second(s), 'min' means minute(s), “h” means 
hour(s), 'd' means day(s), “ul' means microliter(s), “mL’ 
means milliliter(s), “L” means liter(s), “uM” means micro 
molar, “mM” means millimolar, “M” means molar, “immol” 
means millimole(s), “Limole' mean micromole(s), ''g'' 
means gram(s), 'ug' means microgram(s), “ng” means 
nanogram(s). “U” means unit(s), “bp” means base pair(s) 
and “kB” means kilobase(s). 
Transformation and Cultivation of Yarrowia Lipolytica 
0156 Y lipolytica strain ATCC #20362 was purchased 
from the American Type Culture Collection (Rockville, 
Md.). Strains were usually grown at 28°C. on YPD agar (1% 
yeast extract, 2% bactopeptone, 2% glucose, 2% agar) or in 
YPD liquid medium (2% bacto-yeast extract, 3% bactopep 
tone, 2% glucose). 
0157 Transformation of Y lipolytica was performed 
according to the method of Chen, D. C. et al. (Appl. 
Microbiol Biotechnol. 48(2):232-235 (1997)), unless other 
wise noted. Briefly, Yarrowia was streaked onto a YPD plate 
and grown at 30° C. for approximately 18 hr. Several large 
loopfuls of cells were scraped from the plate and resus 
pended in 1 mL of transformation buffer containing: 2.25 
mL of 50% PEG, average MW 3350; 0.125 mL of 2 M Li 
acetate, pH 6.0; 0.125 mL of 2 M DTT, and 50 g sheared 
salmon sperm DNA. Then, approximately 500 ng of linear 
ized plasmid DNA was incubated in 100 ul of resuspended 
cells, and maintained at 39° C. for 1 hr with vortex mixing 
at 15 min intervals. The cells were plated onto selection 
media plates and maintained at 30° C. for 2 to 3 days. 
0158 For selection of transformants, minimal medium 
(“MM) was generally used; the composition of MM is as 
follows: 0.17% yeast nitrogen base (DIFCO Laboratories, 
Detroit, Mich.) without ammonium sulfate or amino acids, 



US 2006/00941 O2 A1 

2% glucose, 0.1% proline, pH 6.1 and 20 g/L agar). Supple 
ments of uracil or leucine were added as appropriate to a 
final concentration of 0.01% (thereby producing “MMU 
selection media or “MMLe' selection media). 
0159. Alternatively, transformants were selected on 
5-fluoroorotic acid (“FOA'; also 5-fluorouracil-6-carboxy 
lic acid monohydrate) selection media, comprising: 0.17% 
yeast nitrogen base (DIFCO Laboratories) without ammo 
nium sulfate or amino acids, 2% glucose, 0.1% proline, 75 
mg/L uracil, 75 mg/L uridine, 900 mg/L FOA (Zymo 
Research Corp., Orange, Calif.) and 20 g/L agar. 
0160 “SD' media comprises: 0.67% yeast nitrogen base 
with ammonium Sulfate, without amino acids and 2% glu 
cose. And finally, to promote conditions of oleaginy, High 
Glucose Media (“HGM) was prepared as follows: 14 g/L 
KHPO, 4 g/L KHPO, 2 g/L MgSO.7H2O, 80 g/L 
glucose (pH 6.5). 
Fatty Acid Analysis of Yarrowia Lipolytica 

0161 For fatty acid analysis, cells were collected by 
centrifugation and lipids were extracted as described in 
Bligh, E. G. & Dyer, W. J. (Can. J. Biochem. Physiol. 
37:911-917 (1959)). Fatty acid methyl esters were prepared 
by transesterification of the lipid extract with sodium meth 
oxide (Roughan, G., and Nishida I. Arch Biochem Biophys. 
276(1):3846 (1990)) and subsequently analyzed with a 
Hewlett-Packard 6890 GC fitted with a 30-mx0.25 mm (i.d.) 
HP-INNOWAX (Hewlett-Packard) column. The oven tem 
perature was from 170° C. (25 min hold) to 185° C. at 3.5° 
C./min. 

0162 For direct base transesterification, Yarrowia culture 
(3 mL) was harvested, washed once in distilled water, and 
dried under vacuum in a Speed-Vac for 5-10 min. Sodium 
methoxide (100 ul of 1%) was added to the sample, and then 
the sample was vortexed and rocked for 20 min. After 
adding 3 drops of 1 MNaCl and 400 ul hexane, the sample 
was Vortexed and spun. The upper layer was removed and 
analyzed by GC as described above. 

Example 1 

Construction and Sequencing of a Yarrowia 
Lipolytica cDNA Library 

0163 The present Example describes the construction of 
a cDNA library of Y lipolytica, grown under oleaginous 
conditions. More specifically, Y lipolytica cells accumulate 
considerable amounts of oil when switched to a medium 
with a high carbon to nitrogen ratio (>80). A cDNA library 
was constructed from cells grown in an oleaginous medium 
containing no nitrogen source for 4 hrs, using the BD 
Clontech Creator Smart(R) cDNA library kit (Mississauga, 
ON, Canada) according to the manufacturer's protocol. 
0164. Synthesis of the cDNA library first required growth 
of Y lipolytica strain ATCC #20362 in 30 mLYPD medium 
overnight at 30° C. with shaking. Cells were diluted in two 
cultures of 100 mL fresh YPD to ODoo-0.4, then grown 
until OD=1.5 (Perkin-Elmer Lambda 20 UV/VIS Spec 
trophotometer). Cells from each culture were pelleted twice 
by centrifugation at 3750 rpm in a Beckman GH3.8 rotor for 
5 min and washed with sterile water, then resuspended in 
100 mL HGM. Cells were then Shaken at 30° C. for 4 hrs. 
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Each 100 mL culture was divided into three equal portions 
and pelleted by centrifugation at 3750 rpm in a Beckman 
GH3.8 rotor for 5 min. 

0.165 Total RNA was extracted from the pellets using the 
Qiagen Rneasy Midi Kit. Cells were resusupended in 600 ul 
buffer RLT from the kit, with B-mercaptoethanol added at a 
concentration of 10 ul/mL. Resuspended cells were trans 
ferred to six 2 mL screw cap tubes each containing 0.6 mL 
of 0.5 mm glass beads. The cells were homogenized at the 
HOMOGENIZE-setting on a Biospec (Bartlesville, Okla.) 
mini bead beater for 2 min. The tubes were briefly spun to 
settle the beads. Liquid was transferred to 4 fresh 2 mL 
microfuge tubes and 600 ul of the RLT/BME mix was added 
to the beads. The bead tubes were vortexed and all liquid 
above the beads was transferred to the fresh 2 mL tubes. The 
fresh tubes were spun for 2 min in a microfuge to pellet cells 
debris, and the Supernatent from each set of three tubes that 
came from a single culture were pooled in a 10 mL screwcap 
centrifuge tube. The procedure was then completed follow 
ing the manufacturer's protocol. The two total RNA samples 
were then combined and mRNA was isolated from the 
combined sample using the Qiagen Oligotex Midi kit, fol 
lowing the manufacturer's protocol. Purified poly(A)--RNA 
was obtained with a concentration of 35.7 ng/ul. 
0166 clNA was generated, using the LD-PCR method 
specified by BD-Clontech and 0.1 lug of polyA(+) RNA 
sample. Specifically, for 1 strand cDNA synthesis, 3 ul of 
the poly(A)--RNA sample was mixed with 1 ul of SMART 
IV oligo nucleotide (SEQ ID NO:4) and 1 ul of CDSIII/3' 
PCR primer (SEQID NO:5). The mixture was heated at 72° 
C. for 2 min and cooled on ice for 2 min. To the tube was 
added the following: 2 ul 1 strand buffer, 1 Jul 20 mM DTT, 
1 ul 10 mM dNTP mix and 1 ul Powerscript reverse 
transcriptase. The mixture was incubated at 42°C. for 1 hr 
and cooled on ice. 

0167 The 1strand cDNA synthesis mixture was used as 
template for the PCR reaction. Specifically, the reaction 
mixture contained the following: 2 ul of the 1strand cDNA 
mixture, 2 ul 5'-PCR primer (SEQ ID NO:6), 2 ul CDSIII/ 
3'-PCR primer (SEQ ID NO:5), 80 ul water, 10 ul 10x 
Advantage 2 PCR buffer, 2 ul 50xdNTP mix and 2 ul 50x 
Advantage 2 polymerase mix. The thermocycler conditions 
were set for 95° C. for 20 sec, followed by 14 cycles of 95° 
C. for 5 sec and 68° C. for 6 min on a GenAmp 9600 
instrument. PCR product was quantitated by agarose gel 
electrophoresis and ethidium bromide staining. 
0.168. Seventy-five ul of the above PCR products (cDNA) 
were mixed with 3 ul of 20 ug/ul proteinase K supplied with 
the kit. The mixture was incubated at 45° C. for 20 min, then 
75ul of water was added and the mixture was extracted with 
150 ul phenol: chloroform:isoamyl alcohol mixture 
(25:24:1). The aqueous phase was further extracted with 150 
ul chloroform:isoamyl alcohol (25:1). The aqueous phase 
was then mixed with 15ul of 3 M sodium acetate, 2 ul of 20 
ug/ul glycogen and 400 ul of 100% ethanol. The mixture was 
immediately centrifuged at room temperature for 20 min at 
14000 rpm in a microfuge. The pellet was washed once with 
150 ul of 80% ethanol, air dried and dissolved in 79 ul of 
Water. 

0.169 Dissolved cDNA was subsequently digested with 
Sfil (79 ul of the cDNA was mixed with 10 ul of 10x Sfil 
buffer, 10 ul of Sfil enzyme and 1 ul of 100xBSA and the 
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mixture was incubated at 50° C. for 2 hrs). Xylene cyanol 
dye (2 ul of 1%) was added. The mixture was then frac 
tionated on the Chroma Spin-400 column provided with the 
kit, following the manufacturer's procedure exactly. Frac 
tions collected from the column were analyzed by agarose 
gel electrophoresis. The first three fractions containing 
cDNA were pooled and cDNA precipitated with ethanol. 
The precipitated cDNA was redissolved in 7 ul of water, and 
ligated into kit-supplied p)NR-LIB. 
Library Sequencing 
0170 The ligation products were used to transform E. 
coli XL-1 Blue electroporation competent cells (Stratagene). 
An estimated total of 5.4x10 colonies was obtained. 
Sequencing of the cDNA library was carried out by Agen 
court Bioscience Corporation (Beverly, Mass.), using a M13 
forward primer (SEQ ID NO:7) 

Example 2 

Identification of the Yarrowia lipolytica Gene 
Encoding YAT1 as a Highly Expressed Gene Under 

Oleaginous Conditions 

0171 This example describes the identification of YAT1 
as a highly expressed gene under oleaginous conditions. 
Specifically, the relative abundance of each species of cDNA 
was examined (based on the sequencing results from 
Example 1) to identify those genes that were highly 
expressed under oleaginous conditions. One of the genes 
that appeared multiple times (16/9984 or 0.16%) was 
YaliOE27203 (GenBank Accession No. XM 504457; SEQ 
ID NO:1 herein), annotated as a homolog of the high affinity, 
low capacity ammonia transporter MEP2 of Saccharomyces 
cerevisiae (GenBank Accession No. X83608; see also A. M. 
Marini et al., EMBO J., 13(15):3456-3463 (1994); A. M. 
Marini et al., Mol Cell Biol 17(8):4282-93 (1997)). 
0172 BLAST (Basic Local Alignment Search Tool; Alts 
chul, S. F., et al., J. Mol. Biol. 215:403-410 (1993)) searches 
were conducted using the corresponding amino acid 
sequence of YaliOE27203 (SEQID NO:2) as a query against 
the S. cerevisiae MEP1, MEP2 and MEP3-isozymes. The 
results of these BLAST comparisons are shown below in 
Table 3 and are reported according to the % identity, '% 
similarity and Expectation value. 

TABLE 3 

Comparison Of Yarrowia lipolytica Homolog To Saccharomyces 
cerevisiae MEP1, MEP2 And MEP3 

% % 
Similarity Identified Identity. Similarity E-value 

MEP1 35 56 18e-79 

GenBank Accession No. X77608 
MEP2 52 66 19e-132 
GenBank Accession No. X83608 
MEP3 37 57 3.6e-83 

GenBank Accession No. P53390 

% Identity is defined as percentage of amino acids that are identical 
between the two proteins. 
% Similarity is defined as percentage of amino acids that are identical or 
conserved between the two proteins. 
Expect value. The Expect value estimates the statistical significance of 
the match, specifying the number of matches, with a given score, that are 
expected in a search of a database of this size absolutely by chance. 
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It was hypothesized that YALIOE27203 encoded a Y lipoly 
tica ammonia transporter of high affinity; thus, 
YALIOE27203 was tentatively named yat1. 

Example 3 

Isolation of the 5' Upstream Region of YAT1 from 
Yarrowia Lipolytica 

0173 To isolate the YAT1 promoter region upstream of 
the yat1 gene identified in Example 2, primers 27203-F and 
27203-R (SEQID NOS:8 and 9) were designed, based on the 
sequence of Y lipolytica chromosome E between positions 
3.222,879 and 3,223,875. These primers were expected to 
amplify 778 bp of the 5' upstream untranslated region in 
front of the ATG’ translation initiation codon of the yat1 
gene, from -778 to -1 (wherein the A position of the ATG’ 
translation initiation codon was designated as +1). 
0.174 PCR amplification was performed in a 50 ul total 
volume using a 1:1 dilution of a premixed 2xPCR solution 
(TakaRa ExTaq, TakaRa Bio Inc., Otsu Shiga, 520-2193, 
Japan). The final composition contained 25 mM TAPS, pH 
9.3, 50 mM KC1, 2 mM MgCl2, 1 mM 2-mercaptoethanol, 
200 uM each deoxyribonucleotide triphosphate, 10 pmole 
each primer (supra), 50 ng Y lipolytica ATCC #20362 
genomic DNA, and 1.25 units of TakaRa ExTaqTM DNA 
polymerase. The reaction mixture was first heated to 94° C. 
for 150 sec. Amplification was carried out for 30 cycles at 
94°C. for 30 sec, 55° C. for 30 sec and 72°C. for 1 min. This 
was followed by a final extension for 7 min at 72° C. 
0.175. The PCR product was analyzed by agarose gel 
electrophoresis and was shown to contain a single DNA 
fragment of ~800 bp. This fragment was purified using a 
Qiagen PCR purification kit following the manufacturers 
protocol. 

Example 4 

Synthesis of Plasmids pY5-30, pYGPAT-GUS and 
pDMW214 

0176). A series of plasmids were created comprising a 
chimeric gene composed of various native Y lipolytica 
promoters and the “GUS' reporter gene, wherein “GUS” 
corresponds to the E. coli gene encoding B-glucuronidase 
(Jefferson, R. A. Nature. 342(6251):837-838 (1989)). This 
was required for comparative studies investigating the pro 
moter activity of TEF, YAT1, FBAIN and GPAT, as 
described in Example 8. 
Synthesis of Plasmid pY5-30 (TEF::GUS:XPR) 
0177. The synthesis of plasmid pY5-30, comprising a 
TEF::GUS:XPR chimeric gene, is described in WO2005/ 
003310. More specifically, plasmid pY5-30 (FIG. 1A: SEQ 
ID NO:10) contained: a Yarrowia autonomous replication 
sequence (ARS18); a ColE1 plasmid origin of replication; 
an ampicillin-resistance gene (Amp") for selection in E. 
coli: a Yarrowia LEU2 gene for selection in Yarrowia; and 
the chimeric TEF:GUS:XPR gene. 
Synthesis of Plasmid plDMW214 (FBAIN::GUS:XPR) 
0.178 The synthesis of plasmid plMW214, comprising a 
FBAIN::GUS:XPR chimeric gene, is described in WO 
2005/049805. Briefly, however, the FBAIN promoter region 
(SEQ ID NO:11; which includes both an upstream DNA 
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sequence and a downstream sequence from the putative 
ATG translation initiation codon of the fructose-bisphos 
phate aldolase (fbal) gene wherein the downstream region 
comprises an intron) was amplified by PCR, digested with 
NcoI and SalI, and then purified following gel electrophore 
sis. The NcoI/SalII-digested PCR products were ligated to 
NcoI/SalI digested pY5-30 vector to produce plasmid 
“plDMW214” (FIG. 1B). 

Synthesis of pYGPAT-GUS (GPAT::GUS:XPR) 

0179 The synthesis of plasmid pYGPAT-GUS, compris 
ing a GPAT::GUS:XPR chimeric gene, is described in U.S. 
patent application Ser. No. 60/610,060 (filed Sep. 15, 2004) 
and will be reiterated below. In general, synthesis of the 
plasmid required identification and isolation of the Y lipoly 
tica glycerol-3-phosphate O-acyltransferase (gpat) gene, 
isolation of the promoter region upstream of the putative 
ATG translation initiation codon via genome-walking, and 
then cloning of the promoter into a derivative of pY5-30 
(Supra). 

0180 Isolation and Sequencing of the Putative Yarrowia 
Lipolytica GPAT 

0181 Based on the gene sequences encoding two 
isozymes of GPAT in Saccharomyces cerevisiae (GAT1 
GenBank Accession No. AJ311354) and GAT2(SCT1) 
GenBank Accession No. AJ314608; see also Zheng and 
Zou. J. Biol. Chem. 276(45):4171041716 (2001) and WO 
02/08391 A2). BLAST searches (supra, Example 2) were 
conducted against the Genolevures genome database of Y. 
lipolytica ORFs (sponsored by the Center for Bioinformat 
ics, LaBRI, batiment A30, Université Bordeaux 1, 351, 
cours de la Libération, 33405 Talence Cedex, France) to 
identify any similar sequences contained therein. The results 
of the BLAST comparisons identified one homolog (Yar 
rowia lipolytica ORF YAL1-CDS1055.1, a protein of 727 
amino acids; SEQID NO:12; also GenBank Accession No. 
CAG81570) annotated as a protein having similarity to S. 
cerevisiae GPATs. 

0182 Following the tentative identification of ORF 
YAL1-CDS1055.1, this amino acid sequence was BLASTed 
against the S. cerevisiae isozymes encoding GPAT. The 
results of these BLAST comparisons are shown below and 
are reported according to the '% identity, 96 similarity, and 
Expectation value (Supra, Example 2). 

TABLE 4 

Comparison Of Yarrowia lipolytica ORF YAL1-CDS1055.1 To 
Saccharomyces Cerevisiae GATT And GAT2(SCT1 

% % 
Similarity Identified Identity. Similarity E-value 

GAT1 35 S4 1.2e-113 
GenBank Accession No. AJ311354 
GAT2(SCT1) 43 59 3.4e-141 
GenBank Accession No. AJ314608 

Thus, it was hypothesized that ORF YALI-CDS1055.1 
encoded a Y lipolytica GPAT. 

0183 Degenerated oligonucleotides, as shown below, 
were designed to amplify the entire coding region of ORF 
YALI-CDS 1055.1. 
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Degenerated Oligonucleotide YGPAT-F 
(SEQ ID NO: 13) 

ATGTCNGAGACYGACCAYCTNCTN 

Degenerated oligonucleotide YGPAT-R 
(SEQ ID NO: 14) 

YTCYTCRTCYTGYTCTCGYCGYTT 

Note: The nucleic acid degeneracy code used for 

SEQ ID NOs: 13 and 14 was as follows: R = A/G; 

Y = C/T; and N = A/C/T/G. 

0.184 The PCR amplification was carried out in a 50 ul 
total volume using a 1:1 dilution of a premixed 2xPCR 
solution and 1.25 units of TaKaRa Ex TaqtM DNA poly 
merase (Takara Mirus Bio, Madison, Wis.), according to the 
PCR composition described in Example 3. The thermocycler 
conditions were set for 30 cycles at 94° C. for 2.5 min, 55° 
C. for 30 sec and 72° C. for 2.5 min, followed by a final 
extension at 72° C. for 6 min. 

0185. The PCR products were separated by gel electro 
phoresis in 1% (w/v) agarose. A 2.2 kB DNA fragment was 
excised and purified using a QiaeXII gel purification kit 
(Qiagen, Valencia, Calif.). Subequently, the purified 2.2 kB 
DNA fragment was cloned into the pGEM-T-easy vector 
(Promega, Madison, Wis.). The ligated DNA was used to 
transform cells of E. coli Top 10 and transformants were 
selected on LB (1% bacto-tryptone, 0.5% bacto-yeast extract 
and 1% NaCl) agar containing amplicillin (100 g/mL). 
Analysis of the plasmid DNA from one transformant con 
firmed the presence of a plasmid of the expected size, 
designated as “pGPAT-1. 
0186 Sequence analyses of pCPAT-1 showed that it 
contained a 2184 bp fragment of Y lipolytica DNA encoding 
GPAT (SEQ ID NO:15). Specifically, identity of this gene 
sequence was determined by conducting BLAST searches 
for similarity to sequences contained in the BLAST “nr” 
database (comprising all non-redundant GenBank CDS 
translations, sequences derived from the 3-dimensional 
structure Brookhaven Protein Data Bank, the SWISS-PROT 
protein sequence database, EMBL and DDBJ databases). 
The sequence was analyzed for similarity to all publicly 
available DNA sequences contained in the “nr” database 
using the BLASTN algorithm provided by the National 
Center for Biotechnology Information (NCBI). The DNA 
sequence was translated in all reading frames and compared 
for similarity to all publicly available protein sequences 
contained in the “nr” database, using the BLASTX algo 
rithm (Gish, W. and States, D. J. Nature Genetics 3:266-272 
(1993)) provided by the NCBI. The BLAST searches 
revealed that the translated product of SEQ ID NO:15 
(comprising the putative gpat gene) had the highest BLAST 
hits to annotated GPATs from: (1) S. cerevisiae (SwissPro 
P36148, Entrez CAA82146): 43% identity, 59% similarity, 
E-146; and (2) Schizosaccharomyces pombe SCT 1 (GAT2) 
homolog (GPAT): 48% identity, 66% similarity, E-148. 
0187 Furthermore, the translated product of SEQ ID 
NO:15 was 100% identical to the amino acid sequence of 
ORF YAL1-CDS1055.1 (SEQ ID NO:12; also GenBank 
Accession No. CAG81570). 
0188 Isolation of the 5' Upstream Region of GPAT from 
Y. Lipolytica 
0189 To isolate the GPAT promoter region upstream of 
the gene identified in Example 1, a genome-walking tech 
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nique (Universal GenomeWalker, ClonTech, CA) was ulti 
lized, following the manufacturer's protocol. 
0.190 Briefly, genomic DNA of Y lipolytica was digested 
with DraI, EcoRV, PvulI or StuI individually, and the 
digested DNA samples were ligated with Genome Walker 
adaptor (SEQ ID NOs: 16 top strand and 17 bottom 
Strand), as shown below: 
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0.197 Analysis of the plasmid DNA from one transfor 
mant containing GPAT-Pro confirmed the presence of the 
expected plasmid, designated “pYGPAT-GUS. Thus, this 
plasmid contained a chimeric gene comprising a GPAT 
promoter, GUS reporter gene and XPR terminator (FIG. 
1C). 

5'-GTAATACGACTCACTATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT-3' 

0191 PCR reactions were then carried out using the 
ligation products as templates, and the following oligonucle 
otides as primers: Adaptor-1 and YGPAT-5R-1 (SEQ ID 
NOs: 18 and 19). The PCR amplification was carried out in 
a 50 ul total volume using the components and conditions 
previously described, with the exception that the template 
used was 1 ul of ligation product (versus 50 ng genomic 
DNA). Second PCR reactions were then carried out using 1 
ul of 1:50 diluted first PCR product as template, and Nested 
Adaptor Primer 2 and YGPAT-5R-2 (SEQ ID NOS:20 and 
21) as primers. 
0.192 A 1.7 kB DNA fragment, amplified from the 
EcoRV digested sample, was purified using a Qiagen PCR 
purification kit and cloned into the pGEM-T-easy vector 
(Promega, Madison, Wis.). The ligated DNA was used to 
transform E. coli Top 10 and transformants were selected on 
LB agar containing amplicillin (100 ug/mL). 
0193 Analysis of the plasmid DNA from one transfor 
mant confirmed the presence of the expected plasmid, des 
ignated “plcoRV-G-5'. Sequence analyses showed that 
pEcoRV-G-5 contained a fragment of 1781 bp (SEQ ID 
NO:22), which included 1678 bp of 5' upstream sequence 
from the nucleotide A of the translation initiation codon 
ATG of the GPAT gene. Assembly of DNA corresponding 

to overlapping SEQ ID NOS:15 and 22 yielded a single 
contig of DNA represented as SEQID NO:23 (FIG. 2:3862 
bp total length). This contig therefore contained the -1678 
to +2181 region of the GPAT gene, wherein the A position 
of the ATG’ translation initiation codon was designated as 
+1. 

0194 Construction of pYGPAT-GUS 
0.195 The nucleotide region between the -1130 position 
and the ATG translation initiation site of the gpat gene was 
considered to represent the putative GPAT promoter region 
(“GPAT-Pro, provided as SEQ ID NO:24). 
0196) GPAT-Pro was amplified by PCR using primers 
GPAT-5-1 and GPAT-5-2 (SEQ ID NOS:25 and 26), and 
pEcoRV-G5 (supra) as template. The PCR product was then 
purified using a Qiagen PCR purification kit and was com 
pletely digested with SalI and NcoI. The digestion product 
was again purified with a Qiagen PCR purification kit and 
ligated to NcoI/SalI digested pY5-30 vector (supra, wherein 
the NcoI/SalI digestion had excised the TEF promoter from 
the pY5-30 vector backbone). Ligated DNA was then used 
to individually transform E. coli Top 10. Transformants were 
selected on LB agar containing amplicillin (100 g/mL). 

Example 5 

Synthesis of pYAT-GUS 

0198 The present Example describes the synthesis of 
pYAT-GUS (comprising a YAT1::GUS:XPR chimeric 
gene). Synthesis of this plasmid first required amplification 
of the putative YAT1 promoter region. Then, the putative 
promoter region was cloned into pYGPAT-GUS (supra, 
Example 4). 
0199 The purified YAT1 PCR product from Example 3 
was digested with HindIII and SalI and a ~600 bp fragment 
was isolated by agarose gel electrophoresis followed by 
purification with Qiagen MinElute Gel purification kit 
according to the manufacturer's protocol. Furthermore, the 
YAT1 PCR product was also digested with NcoI and Hin 
dIII, and a ~200 bp fragment was isolated and purified as 
above. Finally, plasmid pYGPAT-GUS was digested with 
SalI and NcoI, and a ~9.5 kB fragment was isolated and 
purified. The three DNA fragments were ligated together to 
create pYAT-GUS (FIG. 1D). In the resulting plasmid, the 
YAT1 promoter region (SEQID NO:3: corresponding to 778 
bp of the 5' upstream region of YALIOE27203 (-778 to -1)) 
was fused to the GUS gene, followed by the XPR terminator 
region. 

Example 6 

Generation of ARA-Producing Yarrowia lipolytica 
ATCC H2O362 Strain Y2034 

0200. The present Example describes the construction of 
strain Y2034, derived from Y lipolytica ATCC #20362, 
capable of producing significant concentrations of ARA 
relative to the total lipids. Comparison of the TEF, YAT1, 
GPAT and FBAIN promoters was examined in this ARA 
producing strain based on analysis of GUS expression, as 
described in Example 8 (infra). 
0201 The development of strain Y2034 herein, produc 
ing 10% ARA, required the construction of strain M4 
(producing 8% DGLA) (FIG. 3A). 
Construction of Strain M4 Producing 8% DGLA 
0202) Construct pKUNF12T6E (FIG. 3B: SEQ ID 
NO:27) was generated to integrate four chimeric genes 
(comprising a A12 desaturase, a A6 desaturase and 2 elon 
gases) into the Ura3 loci of wild type Yarrowia strain ATCC 
#20362, to thereby enable production of DGLA. The 
pKUNF12T6E plasmid contained the following compo 
nents: 
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TABLE 5 

Description of Plasmid pKUNF12T6E (SEQ ID NO. 27 

RE Sites And 
Nucleotides 
Within SEQID Description Of Fragment And 
NO: 27 Chimeric Gene Components 

AscIBSWI 784 bp 5" part of Yarrowia Ura3 gene (GenBank 
(9420-8629) Accession No. AJ306421) 
SphI/PacI 516 bp 3' part of Yarrowia Ura3 gene (GenBank 
(12128-1) Accession No. AJ306421) 
Swa3SiWI FBAIN:EL1S:PeX20, comprising: 
(6380-8629) FBAIN: FBAIN promoter (SEQ ID NO: 11) 

EL1S: codon-optimized elongase 1 gene (SEQ ID 
NO: 28), derived from Mortierella alpina (GenBank 
Accession No. AX464731) 
Pex20: PeX20 terminator sequence from Yarrowia 
Pex20 gene (GenBank Accession No. AF054613) 
TEF::A6S::Lip1, comprising: 
TEF: TEF promoter (GenBank Accession No. 
AFO54508) 
A6S: codon-optimized A6 desaturase gene (SEQ ID 
NO:30), derived from Mortierella alpina (GenBank 
Accession No. AF465281) 
Lip1: Lip1 terminator sequence from Yarrowia Lip1 
gene (GenBank Accession No. Z50020) 
FBA::FA12::Lip2, comprising: 
FBA: FBA promoter (SEQ ID NO:32) 
FA12: Fusarium moniliforme A12 desaturase gene 
(SEQ ID NO: 33) 
Lip2: Lip2 terminator sequence from Yarrowia Lip2 
gene (GenBank Accession No. AJO12632) 
TEF::EL2S:XPR, comprising: 
TEF: TEF promoter (GenBank Accession No. 
AFO54508) 
EL2S: codon-optimized elongase gene (SEQ ID 
NO:35), derived from Thraustochytrium aureum 
(U.S. Pat. No. 6,677,145) 
XPR: XPR terminator sequence of Yarrowia Xpr gene 
(GenBank Accession No. M17741) 

BglII/Swal 
(4221-6380) 

PmeICla 
(4207-1459) 

ClaI PacI 
(1459-1) 

0203) The pKUNF12T6E plasmid was digested with 
AscI/SphI, and then used for transformation of wild type Y 
lipolytica ATCC #20362 according to the General Methods. 
The transformant cells were plated onto FOA selection 
media plates and maintained at 30° C. for 2 to 3 days. The 
FOA resistant colonies were picked and streaked onto MM 
and MMU selection plates. The colonies that could grow on 
MMU plates but not on MM plates were selected as Ura 
strains. Single colonies of Ura-strains were then inoculated 
into liquid MMU at 30° C. and shaken at 250 rpm/min for 
2 days. The cells were collected by centrifugation, lipids 
were extracted, and fatty acid methyl esters were prepared 
by trans-esterification, and Subsequently analyzed with a 
Hewlett-Packard 6890 GC.. 

0204 GC analyses showed the presence of DGLA in the 
transformants containing the 4 chimeric genes of 
pKUNF12T6E (FIG.3B), but not in the wild type Yarrowia 
control strain. Most of the selected 32 Ura strains produced 
about 6% DGLA of total lipids. There were 2 strains (i.e., 
strains M4 and 13-8) that produced about 8% DGLA of total 
lipids. 

Construction of Strain Y2034 Producing 10% ARA 

0205 Construct plDMW232 (FIG. 3C: SEQ ID NO:37) 
was generated to integrate two A5 chimeric genes into the 
Leu2 gene of Yarrowia strain M4. 

May 4, 2006 

0206 Plasmid p)MW232 contained the following com 
ponents, as described in Table 6: 

TABLE 6 

Description of Plasmid poMW232 (SEQ ID NO. 37 

RE Sites And 
Nucleotides 
Within SEQ 
ID Description Of Fragment And 
NO:37 Chimeric Gene Components 

AscIBsiWI 788 bp 5' part of Yarrowia Leu2 gene (GenBank 
(5550-4755) Accession No. AF260230) 
SphI/PacI 703 bp 3' part of Yarrowia Leu2 gene (GenBank 
(8258-8967) Accession No. AF260230) 
SwaI/BsiWI FBAIN:MAA5::Pex20, comprising: 
(2114-4755) FBAIN: FBAIN Promoter (SEQ ID NO: 11) 

MAA5: Mortierella alpina A5 desaturase gene 
(GenBank Accession No. AF067654) 
Pex20: PeX20 terminator sequence of Yarrowia PeX20 
gene (GenBank Accession No. AF054613) 
TEF:MAA5::Lip1, comprising: 
TEF: TEF promoter (GenBank Accession No. 
AFO54508) 
MAA5: as described for FBAIN:MAA5::Pex20 (supra) 
Lip1: Lip1 terminator sequence of Yarrowia Lip1 gene 
(GenBank Accession No. Z50020) 
Yarrowia Ura3 gene (GenBank Accession No. AJ306421) 

SwaCla 
(2114-17) 

PmeICla 
(5550-4755) 

0207 Plasmid pPMW232 was digested with AscI/SphI, 
and then used to transform strain M4 (Example 4) separately 
according to the General Methods. Following transforma 
tion, the cells were plated onto MMLe plates and maintained 
at 30° C. for 2 to 3 days. The individual colonies grown on 
MMLe plates were picked and streaked onto MM and 
MMLe plates. Those colonies that could grow on MMLe 
plates but not on MM plates were selected as Leu2 strains. 
Single colonies of Leu2 strains were then inoculated into 
liquid MMLe media at 30° C. and shaken at 250 rpm/min for 
2 days. The cells were collected by centrifugation, lipids 
were extracted, and fatty acid methyl esters were prepared 
by trans-esterification, and Subsequently analyzed with a 
Hewlett-Packard 6890 GC.. 

0208 GC analyses showed the presence of ARA in 
pDMW232 transformants, but not in the parental M4 strain. 
Specifically, among the 48 selected Leu2 transformants 
with plMW232, there were 34 strains that produced less 
than 5% ARA, 11 strains that produced 6-8% ARA, and 3 
strains that produced about 10% ARA of total lipids in the 
engineered Yarrowia. One of the strains that produced 10% 
ARA was named “Y2034 and was the parental strain in 
Example 7. 

Example 7 

Transformation of Y lipolytica with pY5-30, 
pYAT-GUS, pYGPAT-GUS and plDMW214 

0209 The plasmids pY5-30 (Example 4; comprising a 
TEF::GUS:XPR chimeric gene), pYAT-GUS (Example 5: 
comprising a YAT1::GUS:XPR chimeric gene), pYGPAT 
GUS (Example 4; comprising a GPAT::GUS:XPR chimeric 
gene) and plMW214 (Example 4; comprising a FBAIN 
::GUS:XPR chimeric gene) were transformed separately 
into Y lipolytica ATCC #20362 strain Y2034, according to 
the General Methods. Selection was performed on SD 
medium comprising 2.5% agar. 
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0210. Using this technique, transformants were obtained 
that contained pY5-30, pYAT-GUS, pYGPAT-GUS and 
pDMW214, respectively. 

Example 8 

Comparative Analysis of the TEF, YAT1, GPAT and 
FBAIN Promoter Activities in Yarrowia Lipolytica, 

as Determined by Histochemical Assay 
0211. The activity of the TEF, YAT1, GPAT and FBAIN 
promoters was determined in Y lipolytica containing the 
pY5-30, pYAT-GUS, pYGPAT-GUS and plDMW214 con 
structs, each of which possessed a GUS reporter gene and an 
XPR terminator (from Example 7). GUS activity in each 
expressed construct was measured by histochemical assays 
(Jefferson, R. A. Plant Mol. Biol. Reporter 5:387-405 
(1987)). 
0212 Specifically, Y lipolytica strains containing plas 
mids pY5-30, pYAT-GUS, pYGPAT-GUS and plDMW214, 
respectively, were grown from single colonies in 5 mL SD 
media at 30° C. for 24 hrs to an OD-8.0. Then, 1 mL of 
cells were collected by centrifugation. The remaining cul 
tures were centrifuged and washed 2x with HGM, resus 
pended in 5 mL each of HGM and allowed to grow at 30° 
C. further. After 24 and 120 hrs, ~0.25 mL of each culture 
were centrifuged to collect the cells. Cell samples were 
resuspended individually in 100 ul of histochemical staining 
buffer Staining buffer prepared by dissolving 5 mg of 
5-bromo-4-chloro-3-indolyl glucuronide (X-Gluc) in 50 ul 
dimethyl formamide, followed by addition of 5 mL 50 mM 
NaPO pH 7.0... Zymolase 20T (5 ul of 1 mg/mL. ICN 
Biomedicals, Costa Mesa, Calif.) was added to each, and the 
mixture incubated at 30° C. 

0213 The results of histochemical staining showed that 
the YAT1 promoter in construct pYAT-GUS was active. 
Comparatively, the YAT1 promoter appeared to be stronger 
than the TEF promoter (FIG. 4A) but significantly weaker 
than the FBAIN promoter and GPAT promoter, when cells 
were grown in SD medium for 24 hrs. More interestingly, 
however, it appeared that the YAT1 promoter was stronger 
than the GPAT promoter and comparable with FBAIN 
promoter in cells grown in HGM for 24 hrs (FIG. 4B). This 
remained true after 120 hrs in HGM (FIG. 4C). Thus, the 
YAT1 promoter appeared to be induced in HGM, a medium 
that promotes oleaginous growth conditions due to nitrogen 
limitation. 

Example 9 

Comparative Analysis of the TEF, YAT1, FBAIN 
and GPAT Promoter Activities in Yarrowia 

Lipolytica, as Determined by Fluorometric Assay 
0214) A variety of methods are available to compare the 
activity of various promoters, to thereby facilitate determi 
nation of each promoter's strength for use in future appli 
cations wherein a Suite of promoters would be necessary to 
construct chimeric genes. Thus, although it may be useful to 
indirectly quantitate promoter activity based on reporter 
gene expression using histochemical staining (Example 8). 
quantification of GUS expression using more quantitative 
means may be desirable. One suitable method to assay GUS 
activity is by fluorometric determination of the production of 
4-methylumbelliferone (4-MU) from the corresponding 
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B-glucuronide (4-MUG; see Jefferson, R. A., Plant Mol. 
Biol. Reporter 5:387-405 (1987)). 
0215 Yarrowia lipolytica strain Y2034 containing plas 
mids pY5-30, pYAT-GUS, pYGPAT-GUS and plDMW214 
constructs, respectively (from Example 7), were grown from 
single colonies in 10 mL SD medium at 30° C. for 48 hrs to 
an ODoo ~5.0. Two mL of each culture was collected for 
GUS activity assays, as described below, while 5 mL of each 
culture was switched into HGM. 

0216) Specifically, cells from the 5 mL aliquot were 
collected by centrifugation, washed once with 5 mL of HGM 
and resuspended in HG medium. The cultures in HGM were 
then grown in a shaking incubator at 30° C. for 24 hrs. Two 
mL of each HGM culture were collected for GUS activity 
assay, while the remaining culture was allowed to grow for 
an additional 96 hrs before collecting an additional 2 mL of 
each culture for the assay. 
0217. Each 2 mL culture sample in SD medium was 
resuspended in 1 mL of 0.5xcell culture lysis reagent 
(Promega). Resuspended cells were mixed with 0.6 mL of 
glass beads (0.5 mm diameter) in a 2.0 mL. Screw cap tube 
with a rubber O-ring. The cells were then homogenized in a 
Biospec mini beadbeater (Bartlesville, Okla.) at the highest 
setting for 90 sec. The homogenization mixtures were cen 
trifuged for 2 min at 14,000 rpm in an Eppendof centrifuge 
to remove cell debris and beads. The supernatant was used 
for GUS assay and protein determination. 
0218 For each fluorometric assay, 200 ul of extract was 
added to 800 ul of GUS assay buffer (2 mM 4-methylum 
belliferyl-?3-D-glucuronide (“MUG”) in extraction buffer) 
and placed at 37° C. Aliquots of 100 ul were taken at 0, 30 
and 60 mintime points and added to 900 ul of stop buffer (1 
M. NaCO). Each time point was read using a Fluorimeter 
(CytoFluorR Series 4000, Framingham, Mass.) set to an 
excitation wavelength of 360 nm and an emission wave 
length of 455 nm. Total protein concentration of each sample 
was determined using 20 ul of extract and 980 ul of BioRad 
Bradford reagent (Bradford, M. M. Anal. Biochem. 72:248 
254 (1976)). GUS activity is expressed as nmoles of 4-MU 
per minute per mg of total protein. 

0219. As shown in the Table below, the activity of the 
YAT1 promoter was highly induced after 24 hrs in HGM. 

TABLE 7 

Comparison of TEF, FBAIN, YAT1. And GPAT Promoter Activity 
Under Various Growth Conditions 

Culture Promoter 

Conditions TEF FBAIN YAT1 GPAT 

48 hr, SD O401 43.333 O.S36 5.252 
24 hr, HGM O.942 30.694 19.154 2.969 
12Ohr HGM O466 17.200 13.400 3.OSO 

0220 Based on the data above wherein the activity of the 
YAT1 promoter was quantitated based on GUS activity of 
cell extracts, the activity of the YAT1 promoter increased by 
~37 fold when cells were switched from SD medium into 
HGM and grown for 24 hrs. After 120 hrs in HGM, the 
activity was reduced somewhat but was still 25x higher than 
the activity in SD medium. In contrast, the activity of the 
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FBAIN promoter and the GPAT promoter was reduced by the YAT1 promoter is inducible under oleaginous conditions 
30% and 40%, respectively, when switched from SD and will thereby function as an effective promoter for the 
medium into HGM for 24 hrs. The activity of the TEF regulated expression of heterologous genes in Yarrowia 
promoter increased by 2.3 fold after 24 hrs in HGM. Thus, lipolytica. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 37 

<210> SEQ ID NO 1 
<211& LENGTH 1461 
&212> TYPE DNA 

<213> ORGANISM: Yarrowia lipolytica (GenBank. Accession No. XM 504457) 
&22O > FEATURE 
<221 NAME/KEY: CDS 
<222> LOCATION: (1) . . (1461) 

<400 SEQUENCE: 1 

atg got gac got acc to a acg caa got coc citt cog acc act ggc aat 48 
Met Ala Asp Ala Thr Ser Thr Glin Ala Pro Leu Pro Thr Thr Gly Asn 
1 5 10 15 

gga gga gac toc ctic aca caa aac citg aac gtc. ccc titc ctd ggit gcc. 96 
Gly Gly Asp Ser Lieu. Thr Glin Asn Lieu. Asn Val Pro Phe Teu Gly Ala 

2O 25 30 

gat at g g to togg atc at g acc tot to g g ca ct g g to togg atc atg att 144 
Asp Met Val Trp Ile Met Thr Ser Ser Ala Leu Val Trp Ile Met Ile 

35 40 45 

cca gga gtc. g.gt citg citc tac tot got atg tog cqt aag cac cac goc 192 
Pro Gly Val Gly Lieu Lleu Tyr Ser Gly Met Ser Arg Lys His His Ala 

5 O 55 60 

ctg. tct citc ctg. tag goa toc atc atg tdc tdt gcc citc gtc. tct titc 240 
Leu Ser Lieu Lleu Trp Ala Ser Ile Met Cys Cys Ala Lieu Val Ser Phe 
65 70 75 8O 

gag togg titt ttctgg ggit tac act citg gca titc. tct cac aag goc gga 288 
Glu Trp Phe Phe Trp Gly Tyr Thr Leu Ala Phe Ser His Lys Ala Gly 

85 90 95 

aag titc att gga acc at g gat aac titc ggit citt atgaat gtt citc gct 336 
Lys Phe Ile Gly Thr Met Asp Asn. Phe Gly Lieu Met Asn Val Lieu Ala 

100 105 110 

gct coc tot gtt ggc toc tot gct gtc. ccc gat atc ctg. tat atg titc 384 
Ala Pro Ser Val Gly Ser Ser Ala Val Pro Asp Ile Leu Tyr Met Phe 

115 120 125 

tac cag ggc at g titc gca toc atc acc ggt at g citc at g gtt got goa 432 
Tyr Glin Gly Met Phe Ala Cys Ile Thr Gly Met Leu Met Val Gly Gly 

130 135 14 O 

gct cac gag cqa gct cq a citc ggc ccc atg at g gta tat citc titc att 480 
Ala His Glu Arg Ala Arg Leu Gly Pro Met Met Val Tyr Leu Phe Ile 
145 15 O 155 160 

tgg atg act gtc. gtc tac tot cott att gca toc togg aca tog aac cct 528 
Trp Met Thr Val Val Tyr Ser Pro Ile Ala Cys Trp Thr Trp Asn Pro 

1.65 17 O 175 

agt gga tigg ctic goc gtc. citt goa gga citt gat titc gca ggit gga gga 576 
Ser Gly Trp Lieu Ala Val Lieu Gly Gly Lieu. Asp Phe Ala Gly Gly Gly 

18O 185 190 

cct gtt cac at g tot to C ggit gc g g gt gcc citt goc tat gct citc togg 624 
Pro Val His Met Ser Ser Gly Ala Gly Ala Leu Ala Tyr Ala Leu Trp 

195 200 2O5 

tgt ggit aag aga cqt gac cott gct gtt gag aag citg cct cac tac cqg 672 
Cys Gly Lys Arg Arg Asp Pro Ala Val Glu Lys Lieu Pro His Tyr Arg 

210 215 220 
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-continued 

Met Ala Asp Ala Thr Ser Thr Glin Ala Pro Leu Pro Thr Thr Gly Asn 
1 5 10 15 

Gly Gly Asp Ser Lieu. Thr Glin Asn Lieu. Asn Val Pro Phe Leu Gly Ala 
2O 25 30 

Asp Met Val Trp Ile Met Thr Ser Ser Ala Leu Val Trp Ile Met Ile 
35 40 45 

Pro Gly Val Gly Lieu Lleu Tyr Ser Gly Met Ser Arg Lys His His Ala 
50 55 60 

Leu Ser Lieu Lleu Trp Ala Ser Ile Met Cys Cys Ala Lieu Val Ser Phe 
65 70 75 8O 

Glu Trp Phe Phe Trp Gly Tyr Thr Leu Ala Phe Ser His Lys Ala Gly 
85 90 95 

Lys Phe Ile Gly Thr Met Asp Asn. Phe Gly Lieu Met Asn. Wall Leu Ala 
100 105 110 

Ala Pro Ser Val Gly Ser Ser Ala Val Pro Asp Ile Leu Tyr Met Phe 
115 120 125 

Tyr Glin Gly Met Phe Ala Cys Ile Thr Gly Met Leu Met Val Gly Gly 
130 135 1 4 0 

Ala His Glu Arg Ala Arg Leu Gly Pro Met Met Val Tyr Leu Phe Ile 
145 15 O 155 160 

Trp Met Thr Val Val Tyr Ser Pro Ile Ala Cys Trp Thr Trp Asin Pro 
1.65 170 175 

Ser Gly Trp Lieu Ala Val Lieu Gly Gly Lieu. Asp Phe Ala Gly Gly Gly 
18O 185 19 O 

Pro Val His Met Ser Ser Gly Ala Gly Ala Leu Ala Tyr Ala Leu Trp 
195 200 2O5 

Cys Gly Lys Arg Arg Asp Pro Ala Val Glu Lys Lieu Pro His Tyr Arg 
210 215 220 

Pro Ser Ser Val Thr Ser Val Val Leu Gly Thr Val Leu Leu Trp Phe 
225 230 235 240 

Gly Trp Phe Gly Phe Asn Gly Gly Ser Ser Gly Asn Ala Ser Ile Arg 
245 250 255 

Gly Phe Tyr Ala Ala Ala Asn. Thir Asn Lieu Ala Ala Ala Cys Gly Ala 
260 265 27 O 

Leu Ala Trp Met Cys Val Asp Phe Phe Arg Lys Gly Arg Lys Trp Ser 
275 280 285 

Thr Val Gly Leu Cys Ser Gly Ala Ile Ala Gly Leu Val Gly Ile Thr 
29 O 295 3OO 

Pro Ala Ala Gly Phe Val Pro Ile Trp Ser Ala Val Pro Ile Gly Ile 
305 310 315 320 

Ile Thr Ala Val Phe Ala Asn. Ile Ser Gly Asp Leu Lys Asn Lieu Lieu 
325 330 335 

Arg Ile Asp Asp Gly Lieu. Asp Val Phe Ser Lieu. His Gly Val Gly Gly 
340 345 35 O 

Phe Cys Gly Ser Val Leu Thir Ala Phe Phe Ala Ala Asp Tyr Ile Ala 
355 360 365 

His Lieu. Asp Gly Ala Thr Glu Ile Lys Gly Gly Trp Lieu. Asn His His 
370 375 38O 

Trp Ala Glin Leu Gly Tyr Glin Leu Ala Gly Ala Phe Ala Thr Lieu Gly 
385 390 395 400 
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-continued 

Tyr Ser Phe Val Val Ser Ser Val Ile Leu Val Ile Met Asn Arg Ile 
405 410 415 

Pro Tyr Leu Asn Val Arg Met Thr Glu Glu Glu Glu Met Leu Gly. Thr 
420 425 43 O 

Asp Met Ala Glin Ile Gly Glu Phe Ala Phe Asp Trp Glu Asp Ser Gly 
435 4 40 4 45 

Val Leu Asp Leu. His Gly Glin Asn Pro Asn Gly Met Gly Val Thr Pro 
450 455 460 

Asn Val Glin Thr Pro Llys Pro Ser Ser Ile Asn. Glu Asn Lys Glu Ala 
465 470 475 480 

Ala Glu Ser Asp Ser Val 
485 

<210> SEQ ID NO 3 
&2 11s LENGTH 778 
&212> TYPE DNA 
<213> ORGANISM: Yarrowia lipolytica 

<400 SEQUENCE: 3 

ataagtttgc aaaaagat.cg tattatagitt gagcaaggg agaaatgtag agtgttgaaag 60 

actcactato gtc.cgggctt atcto gacca atago caaag totggagttt citgagagaaa 120 

aaggcaagat acgtatgtaa caaag.cgacg catggtacaa taataccgga ggcatgitatic 18O 

atagagagtt agtggttcga tagatggCact ggtgcCtggit atgactittat acggctgact 240 

acatatttgt cotcagacat acaattacag toaag cactt accottggac atctgtaggit 3OO 

accoccc.ggc caagacgatc. tcagogtgtc gitatgtcgga ttggcgtag c toccitc.gctic 360 

gtoaattggc ticccatctac tittcttctgc titggctacac coag catgtc. taccatggct 420 

cgttittcgtg ccttatctat cotcc.cagta ttaccaactc taaatgacat gatgttgattg 480 

ggtotacact titcatatoag agataaggag tag cacagtt gcataaaaag cocaacticta 540 

atcagottct tcc tittcttg taattagtac aaaggtoatt agc gaaatct ggaagcttag 600 

ttggcc citaa aaaaatcaaa aaaa.gcaaaa aac gaaaaac gaaaaac cac agttittgaga 660 

acagggaggit aac gaaggat cqtatatata tatatatata tatataccca C ggat.ccc.ga 720 

gaccggccitt to attctitcc ctacaaccaa ccattctdac caccotaatt cacaaatg 778 

<210> SEQ ID NO 4 
&2 11s LENGTH 39 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: SMART IV oligonucleotide 

<400 SEQUENCE: 4 

aag cagtggt atcaacgcag agtggccatt acggcc.ggg 39 

<210 SEQ ID NO 5 
&2 11s LENGTH 59 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: CDSIII/3 'PCR primer 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (28) . . (57) 
<223> OTHER INFORMATION: thymidine (dT); see BD Biosciences Clontech's 

SMART cDNA technology 
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-continued 

&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (59) . . (59) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 5 

attctagagg cc.gagg.cggc cqacatgttt tttittitttitt tttitttittitt tttittittvin 59 

<210> SEQ ID NO 6 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

O <223> OTHER INFORMATION: 5'-PCR primer 

<400 SEQUENCE: 6 

aag cagtggt atcaacgcag agt 23 

<210 SEQ ID NO 7 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

O <223> OTHER INFORMATION: Primer M13 

<400 SEQUENCE: 7 

tgtaaaacga C ggccagt 18 

<210 SEQ ID NO 8 
&2 11s LENGTH 32 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 27203-F 

<400 SEQUENCE: 8 

gatcgtcgac ataagtttgc aaaaagat.cg ta 32 

<210 SEQ ID NO 9 
&2 11s LENGTH 34 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer 272O3-R 

<400 SEQUENCE: 9 

gatcc.catgg ttgttgaatta gggtggtgag aatg 34 

<210> SEQ ID NO 10 
&2 11s LENGTH 895.3 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Plasmid pY5-30 

<400 SEQUENCE: 10 

ggtggagcto cagottttgttcc ctittagt gagggittaat titcgagctt g g c gtaatcat 60 

ggtoatagot gtttcc totg tdaaattgtt atcc.gct cac aattic cacac alacatac gag 120 

cc.ggaag cat aaagtgtaaa goctoggggtg cctaatgagt gagctaactic acattaattg 18O 

cgttgcgcto actg.ccc.gct titccagtcgg gaalacctgtc. gtgcc agct g cattaatgaa 240 

toggccaacg cqcggggaga gg.cggtttgc gtattggg.cg citctt.ccgct tcc to gotca 3OO 
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ttittgc.cg at titcggccitat toggittaaaaa atgagctgat ttaacaaaaa tittaacg.cga 264 O 

attittaacaa aatattaacg cittacaattt coattc.gc.ca ttcaggctgc gcaactgttg 27 OO 

ggaaggg.cga toggtgcggg cct Cttcgct attacgc.cag CtggC gaaag ggggatgtgc 276 O. 

tgcaaggcga ttaagttggg taacgc.cagg gttitt.cccag to acgacgtt gtaaaacgac 282O 

ggcc agtgaa ttgtaatacg act cactata ggg.cgaattg ggtaccgggc ccc.ccctic ga 2880 

gg to gatggt gtcgataagc titgat atcga attcaitotoa cacaaac cqa tottcgc.ctic 2.940 

aaggaalacct aattctacat cog agagacit gcc.gagatcc agtctacact gattaattitt 3OOO 

cgggccaata atttaaaaaa atcgtgttat ataatattat atgitattata tatatacatc 3060 

atgatgatac togacagtcat gtc.ccattgc taaatagaca gacitcCatct gcc.gc.citcca 312 O 

actgatgttc. tcaatattta aggggtocatc. tcgcattgtt taataataaa cagacitccat 318O 

citaccgccitc caaatgatgttctdaaaata tattgitatga acttatttitt attacittagt 324 O 

attattagac aacttacttig citttatgaaa aac actitcct atttaggaaa caatttataa 33OO 

tggcagttcg titcatttaac aattitatgta gaataaatgt tataaatgcg tatgggaaat 3360 

cittaaatatg gatago ataa atgat atctg cattgccitaa titcgaaatca acagoaacga 342O 

aaaaaatc.cc ttgtacaa.ca taaatagt catc.gagaaata totalactatoa aagaacagot 3480 

attcacacgt tactattgag attattattg gacgagaatc acacacticaa citgtctttct 354. O 

citcttctaga aatacaggta caagtatgta citattotcat tigttcatact tctag to att 3600 

tdatcc caca tattoctitgg atttctotcc aatgaatgac attctatott gcaaattcaa 3660 

caattataat aagatatacc aaagtagcgg tatagtggca atcaaaaagc titctotggtg 372 O 

tgcttctogt atttatttitt attctaatga to cattaaag gtatatattt atttcttgtt 378 O. 

atataatcct tttgtttatt acatgggctg gatacataaa g g tattittga tittaatttitt 384 O 

tgcttaaatt caatcc cc cc togttcagtg tdaactgtaa togtaggaaa ttaccatact 39 OO 

tittgaagaag caaaaaaaat gaaagaaaaa aaaaatcgta titt.cc aggtt agacgttcc.g 396 O 

cagaatctag aatgcggitat gcggtacatt gttctitc gaa cqtaaaagtt gcgcticc citg 4020 

agatattgta catttittgct tttacaagta caagtacatc gtacaactat gtact actgt 408 O 

tgatgcatcc acaacagttt gttttgttitt tttttgtttt tttitttittct aatgattcat 414 O 

taccgctato tatacctact totacttgta gtaag.ccggg ttattgg.cgt toaattaatc 4200 

atagacittat gaatctgcac ggtgtgcgct gcgagttact tittagctitat gcatgctact 4260 

tgggtotaat attgggat.ct gttcggaaat caacggatgc tica accqatt togacagtaa 4320 

taatttgaat cqaatcggag cctaaaatga acco gagtat atctoataaa attct cqgtg 4.380 

agaggtotgt gacitgtcagt acaaggtgcc titcattatgc cct caac citt accatacctic 4 440 

actgaatgta gtgtacct cit aaaaatgaaa tacagtgcca aaa.gc.ca agg cactgagctic 4500 

gtotaacgga cittgatatac alacca attaa aacaaatgaa aagaaataca gttctttgta 45 60 

to atttgtaa caattaccct gtacaaacta agg tattgaa atc.ccacaat attcc caaag 462O 

tdcaccccitt tocaaattgt catgcctaca acticatatac caag cactaa cctaccaaac 4680 

accactaaaa ccc.cacaaaa tatatottac cqaatataca gtaacaa.gct accaccacac 474. O 

togttgggtg cagtc.gc.cag cittaaagata totatocaca totagocacaa citc.cctt.cct 4800 

ttaataalacc gactacacco ttggctattg aggttat gag tdaatatact gtag acaaga 4860 
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actittctgcc attgcc acta ggggggggcc tttittatatg gccaa.gc.caa got citccacg 120 

toggttgggc tigcacccaac aataaatggg tagggttgca ccaacaaagg gatgg gatgg 18O 

ggggtagaag atacgaggat aacggggcto aatgg cacaa ataagaacga atact gcc at 240 

taag actogt gatccagoga citgacaccat tdcatcatct aagggccitca aaactacctic 3OO 

ggaactgctg. c.gctgatctg. gacaccacag aggttcc gag cactittaggit tocaccalaat 360 

gtoccaccag gtgcaggcag aaaacgctgg alacagogtgt acagtttgtc. ttaacaaaaa 420 

gtgaggg.cgc tigaggtogag cagggtggtg tacttgtta tag cott tag agctg.cgaaa 480 

gc gcigtatgg atttggctica totaggccaga ttgagggtot gtggacacat gttcatgttag 540 

tgtactitcaa togcc.ccctd gatatagocc cqacaatagg cc.gtggcctic attitttittgc 600 

cittcc.gcaca tttccattgc toggtaccca caccittgctt citcctgcact tacca accitt 660 

aatactggitt tacattgacc aac atcttac aag.cgggggg cittgtc.tagg gtatatataa 720 

acagtggctd toccaatcgg ttgccagtct cittittittcct ttcttitcccc acagattcga 78O 

aatctaaact acacat caca caatgcctgt tactgacg to cittaa.gc gala agtcc.ggtot 840 

catcgtcggc gacgatgtcc gag cogtgag tatccacgac aagat cagtg to gagacgac 9 OO 

gc gttttgtg taatgacaca atc.cgaaagt cqctagoaac acacact citc tacacaaact 96.O 

aaccoagctd toc 973 

<210> SEQ ID NO 12 
&2 11s LENGTH 727 
&212> TYPE PRT 

<213> ORGANISM: Yarrowia lipolytica (ORF YALI-CDS1055.1 in the 
Genolevures database of Y. lipolytica ORFs (sponsored by the 
Center for Bioinformatics; http://cbi. labri.fr/Genolevures/ 
Y lipolytica.php) 

<400 SEQUENCE: 12 

Met Ser Glu Thr Asp His Leu Leu Ala Ala Glu Pro Val Ala Glu Tyr 
1 5 10 15 

Pro Glin Tyr Thr Pro Trp Pro Asn Ser Arg Lys Ser Val Asp Thr Glu 
2O 25 30 

Phe Ser Ala Thr Ser Trp Ile Tyr Asp Leu Val Leu Trp Ile Phe Thr 
35 40 45 

Ala Cys Phe Asp Ile Phe Phe Arg Glu Ile Arg Pro Arg Gly Ala Phe 
50 55 60 

Arg Ile Pro Arg Lys Gly Pro Val Lieu Phe Val Ala Ala Pro His Ala 
65 70 75 8O 

Asn Glin Phe Val Asp Pro Val Ile Leu Met Asn Glin Val Lys Glin Glu 
85 90 95 

Ala Gly Arg Arg Ile Ser Phe Lieu Val Ala Glu Lys Ser Met Arg Arg 
100 105 110 

Ala Ala Val Gly Arg Met Ala Arg Ser Met Asn Ser Ile Pro Val Val 
115 120 125 

Arg Ala Glin Asp Asn Ala Lys Lys Gly Glu Gly Lys Ile Tyr Val Asp 
130 135 1 4 0 

Ala Glu Asp Pro Thr Lys Ile His Gly Ile Gly. Thr Glin Phe Thr Lys 
145 15 O 155 160 

Gln Cys Glu Val Arg Gly Leu Val Val Cys Ser Ser Ser Val Gly Ser 
1.65 170 175 
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Ile Asp Wall Ala Glu Ile Val Ser Asp Thr Lieu Lleu. Ile Ala Arg Lys 
18O 185 19 O 

Glu Phe Lys Gly Pro Lys Ala Lys Glu Ala Lieu Lys Glu Ser Asn Gly 
195 200 2O5 

Gly Ile Thr Tyr Lys Tyr Ala Asp Tyr Val Asn Glin Ala Thr Val Tyr 
210 215 220 

Arg Ser Val Phe Asp Lys Lieu. His His Gly Gly Cys Val Gly Ile Phe 
225 230 235 240 

Pro Glu Gly Gly Ser His Asp Arg Thr Glu Lieu Lleu Pro Leu Lys Ala 
245 250 255 

Gly Val Ala Ile Met Ala Leu Gly Ala Lieu Ala Glu Asp Pro Ser Cys 
260 265 27 O 

Gly Val Arg Ile Val Pro Cys Gly Leu Asn Tyr Phe His Ala Tyr Lys 
275 280 285 

Phe Arg Ser Arg Ala Val Val Glu Phe Gly Ser Pro Ile Ala Ile Pro 
29 O 295 3OO 

Pro Asp Lieu Val Glu Lys Tyr Lys Ala Gly Gly Glu Ala Lys Arg Glu 
305 310 315 320 

Ala Wall Lys Thr Val Lieu. Asp Ile Thr Ala Ala Gly Lieu Lys Ser Val 
325 330 335 

Thr Val Glin Val Glin Asp Phe Asp Thr Leu Met Leu Ile Glin Ala Ile 
340 345 35 O 

Arg Arg Lieu. Tyr Arg Pro Pro Gly Lys Lys Ile Pro Leu Pro Met Val 
355 360 365 

Val Glu Lieu. Asn Arg Arg Lieu Val Tyr Ala Tyr Asn His Tyr Lys Asp 
370 375 38O 

Asp Pro Arg Ile Glu Glu Met Lys Glin Glu Ile Arg Lys Tyr Asn Lys 
385 390 395 400 

Phe Leu Glin Ala Met Gly Lieu Lys Asp His Glin Val Glu Lys Ala Arg 
405 410 415 

Ile Ser Lys Ile Glu Ile Leu Gly Arg Lieu Lleu Tyr Arg Ser Ile Lys 
420 425 43 O 

Leu Val Phe Leu Ser Ile Gly Cys Lieu Pro Gly Lieu Lleu Lleu Phe Ser 
435 4 40 4 45 

Pro Ile Phe Ile Ile Ser Lys Ser Ile Ser Lys Thr Lys Ala Lys Glu 
450 455 460 

Ala Lieu Lys Ala Ser Ser Val Lys Ile Lys Ala Asn Asp Val Val Ala 
465 470 475 480 

Thir Trp Llys Val Leu Val Ala Met Gly Leu Thr Pro Val Leu Tyr Ile 
485 490 495 

Leu Tyr Ser Lieu Val Gly Ser Val Val Ile Arg Lys Lieu. Asp Lieu. Ile 
5 OO 505 51O. 

Ser Trp Phe Pro Thr Ile Leu Leu Pro Gly Leu Val Leu Ser Ile Ile 
515 52O 525 

Ile Thr Thr Ser Tyr Ala Ala Leu Ala Met Gly Glu Ala Gly Met Asp 
530 535 540 

Ile Phe Lys Ser Leu Arg Pro Leu Ala Lieu Ala Lieu. Asn Pro Ser Thr 
545 550 555 560 

Lys Asn. Ser Lieu Lleu Lys Lieu Glin Asn. Glu Arg Lys Arg Lieu Val Lieu 
565 570 575 

Lys Ser Ser Glu Leu Val Thir Ser Leu Gly Pro Glu Leu Phe Pro Asp 
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58O 585 59 O 

Phe Pro Glu Asn. Ser Ile Leu Glin Gly Ser Asp Llys Phe Glu Asp Glu 
595 600 605 

Glu Asn Tyr Glu Asn. Glu Lys Arg Ser His Ser Arg Ser Thr Ser Ala 
610 615 62O 

Thir Ser Lieu Ser Ala Met Ser Glu Gly Asp Gly Asp Glu Lieu Val Arg 
625 630 635 640 

Glu Val Arg Lys Gly Ala Ser Tyr Phe Pro Val Ser Thr Thr Ser Glu 
645 650 655 

Asp Glu Asp Glin Ala Ile Ser Arg Val Gly Ser Glu Ala Ser Lieu Ala 
660 665 67 O 

Asp Ile Pro Leu Phe Gly Met Ser Arg Ser Glin Ser Gly Ala Ser Lieu 
675 680 685 

Ser Glu Ala Ser Thr His Gly Ser Ser Thr Gly Ala Asp Ala Glu Glu 
69 O. 695 7 OO 

Ala Lys Thr Glu Val Thr Arg Arg Ile Ala Lieu Ala Met Glu Glu Lys 
705 710 715 720 

Arg Arg Glu Glin Asp Glu Glu 
725 

<210> SEQ ID NO 13 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer YGPAT-F 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (6) . . (6) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (21) . . (21) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (24) . . (24) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 13 

atgtc.ngaga cygacCayct inctn 24 

<210> SEQ ID NO 14 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer YGPAT-R 

<400 SEQUENCE: 14 

ytcytcrtcy toytcticgyc gytt 24 

<210 SEQ ID NO 15 
<211& LENGTH: 218.4 
&212> TYPE DNA 

<213> ORGANISM: Yarrowia lipolytica 

<400 SEQUENCE: 15 

atgtcc galaa cc gaccatct gctggcc.gcc gagcc.cgtgg citgagtaccc ccagtacacg 60 

ccittggcc.ca acticcc.gaaa atcagtggac acggagttitt cogcaacctic gtggatttac 120 
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&220s FEATURE 

<223> OTHER INFORMATION: Genome Walker adaptor-1 

<400 SEQUENCE: 16 

gtaatacgac tatagg gcac gogtggtoga C gg.ccc.gggc tiggit 44 

<210 SEQ ID NO 17 
&2 11s LENGTH 8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Genome Walker adaptor-2 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (1) . . (1) 
<223> OTHER INFORMATION: 5' end is associated with a -PO4 group 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (8) ... (8) 
<223> OTHER INFORMATION: 3' end is associated with a -H2N group 

<400 SEQUENCE: 17 

accagocc 8 

<210> SEQ ID NO 18 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Primer Adaptor-1 

<400 SEQUENCE: 18 

gtaatacgac toactatagg gc 22 

<210 SEQ ID NO 19 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer YGPAT-5R-1 

<400 SEQUENCE: 19 

gtoaaagcaa goccgtgaaa atc 23 

<210> SEQ ID NO 20 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Nested Adaptor Primer 2 

<400 SEQUENCE: 20 

actatagggc acgc.gtggit 19 

<210> SEQ ID NO 21 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer YGPAT-5R-2 

<400 SEQUENCE: 21 

gtogtaaatc. cac gaggttg 20 
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tgag acctica ggccttgttga tigaggagg to actitatgaag catgttagga ggtgcttgta 420 

tggatagaga agcacccaaa ataataagaa taataataaa acaggggg.cg ttgtcatttic 480 

atato.gtgtt ttcaccatca atacaccitcc aaacaatgcc ctitcatgtgg ccagocccaa 540 

tattgtc.citg tagttcaact citatgcagot cqtatctitat tigagcaagta aaactctgtc 600 

agcc gatatt gcc.cgaccc.g. c gacaagggit caacaagg to gtgta aggcc titcgcagaag 660 

tdaaaactgt gccaaacaaa catctagagt citctittggtg tittctogcat atatttaatc 720 

ggctgtc.tta cqtatttggc citcggtaccg gactaattitc ggatcatccc caatacgctt 78O 

tittctt.cgca gctgtcaa.ca gtgtc. catga totatocacci taaatggg to atatgaggcg 840 

tataattitcg tdgtgctgat aataatticco atatatttga cacaaaactt coccoccitag 9 OO 

acatacatct cacaatctoa cittcttgttgc titctgtcaca catctoctoc agctgactitc 96.O 

aact cacacc totgc.cccag ttggtotaca gcggtataag gtttcto cqc atagaggtoc 1020 

accacticcitc cc.gatacttg tttgttgttgac ttgtggg to a cqacatatat atctacacac 1080 

attgcgc.cac cctittggttc titc.ca.goaca acaaaaacac gacacgctaa 1130 

<210> SEQ ID NO 25 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer GPAT-5-1 

<400 SEQUENCE: 25 

caacttittct tdtcg accitg ag 22 

<210> SEQ ID NO 26 
&2 11s LENGTH 34 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Primer GPAT-5-2 

<400 SEQUENCE: 26 

gatcc.catgg ttagcgtgtc gtgttitttgttgttg 34 

<210 SEQ ID NO 27 
&2 11s LENGTH 12649 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Plasmid pKUNF12T6E 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (2507) . . (2507) 
<223> OTHER INFORMATION: n is a c, g, or t 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<222> LOCATION: (2512) ... (2515) 
<223> OTHER INFORMATION: n is a c, g, or t 

<400 SEQUENCE: 27 

taac cotcac taaagggaac aaaagctgga gcticcaccgc ggacacalata totggtoaaa 60 

tittcagtttc gttacataaa togttatgtc. aaaggagtgt gggaggittaa gagaattatc 120 

accggcaaac tatctgttaa ttgctaggta cct citagacg to caccc.ggg togcttggcg 18O 

gcc.gaagagg ccggaatcto gggcc.gcggt gg.cggcc.gct tagttggtot togg acttctt 240 
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<210 SEQ ID NO 29 
&2 11s LENGTH 318 
&212> TYPE PRT 

<213> ORGANISM: Mortierella alpina AX464731 

<400 SEQUENCE: 29 

Met Glu Ser Ile Ala Pro Phe Leu Pro Ser Lys Met Pro Glin Asp Leu 
1 5 10 15 

Phe Met Asp Leu Ala Thr Ala Ile Gly Val Arg Ala Ala Pro Tyr Val 
2O 25 30 

Asp Pro Leu Glu Ala Ala Leu Val Ala Glin Ala Glu Lys Tyr Ile Pro 
35 40 45 

Thir Ile Val His His Thr Arg Gly Phe Leu Val Ala Val Glu Ser Pro 
50 55 60 

Leu Ala Arg Glu Lieu Pro Leu Met Asn Pro Phe His Val Lieu Lieu. Ile 
65 70 75 8O 

Val Leu Ala Tyr Leu Val Thr Val Phe Val Gly Met Glin Ile Met Lys 
85 90 95 

Asn Phe Glu Arg Phe Glu Val Lys Thr Phe Ser Leu Lleu. His Asn Phe 
100 105 110 

Cys Leu Val Ser Ile Ser Ala Tyr Met Cys Gly Gly Ile Leu Tyr Glu 
115 120 125 

Ala Tyr Glin Ala Asn Tyr Gly Lieu Phe Glu Asn Ala Ala Asp His Thr 
130 135 1 4 0 

Phe Lys Gly Leu Pro Met Ala Lys Met Ile Trp Leu Phe Tyr Phe Ser 
145 15 O 155 160 

Lys Ile Met Glu Phe Val Asp Thr Met Ile Met Val Leu Lys Lys Asn 
1.65 170 175 

Asn Arg Glin Ile Ser Phe Leu. His Val Tyr His His Ser Ser Ile Phe 
18O 185 19 O 

Thir Ile Trp Trp Leu Val Thr Phe Val Ala Pro Asn Gly Glu Ala Tyr 
195 200 2O5 

Phe Ser Ala Ala Leu Asn Ser Phe Ile His Val Ile Met Tyr Gly Tyr 
210 215 220 

Tyr Phe Leu Ser Ala Leu Gly Phe Lys Glin Val Ser Phe Ile Llys Phe 
225 230 235 240 

Tyr Ile Thr Arg Ser Gln Met Thr Glin Phe Cys Met Met Ser Val Glin 
245 250 255 

Ser Ser Trp Asp Met Tyr Ala Met Lys Val Leu Gly Arg Pro Gly Tyr 
260 265 27 O 

Pro Phe Phe Ile Thr Ala Leu Leu Trp Phe Tyr Met Trp Thr Met Leu 
275 280 285 

Gly Lieu Phe Tyr Asn. Phe Tyr Arg Lys Asn Ala Lys Lieu Ala Lys Glin 
29 O 295 3OO 

Ala Lys Ala Asp Ala Ala Lys Glu Lys Ala Arg Lys Lieu Glin 
305 310 315 

<210 SEQ ID NO 30 
&2 11s LENGTH 1374 
&212> TYPE DNA 

<213> ORGANISM: Mortierella alpina 
&220s FEATURE 
<221 NAME/KEY: misc feature 
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Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Lieu Arg Thr Lieu Phe Glin 
100 105 110 

Ser Leu Gly Tyr Tyr Asp Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val 
115 120 125 

Ser Phe Asn Leu Cys Ile Trp Gly Leu Ser Thr Val Ile Val Ala Lys 
130 135 1 4 0 

Trp Gly Glin Thr Ser Thr Lieu Ala Asn. Wall Leu Ser Ala Ala Lieu Lieu 
145 15 O 155 160 

Gly Lieu Phe Trp Glin Glin Cys Gly Trp Lieu Ala His Asp Phe Lieu. His 
1.65 170 175 

His Glin Val Phe Glin Asp Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe 
18O 185 19 O 

Leu Gly Gly Val Cys Glin Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys 
195 200 2O5 

His Asn. Thir His His Ala Ala Pro Asn. Wal His Gly Glu Asp Pro Asp 
210 215 220 

Ile Asp Thr His Pro Leu Leu Thir Trp Ser Glu His Ala Leu Glu Met 
225 230 235 240 

Phe Ser Asp Val Pro Asp Glu Glu Leu Thr Arg Met Trp Ser Arg Phe 
245 250 255 

Met Val Leu Asn Gln Thr Trp Phe Tyr Phe Pro Ile Leu Ser Phe Ala 
260 265 27 O 

Arg Lieu Ser Trp Cys Lieu Glin Ser Ile Leu Phe Val Lieu Pro Asn Gly 
275 280 285 

Glin Ala His Lys Pro Ser Gly Ala Arg Val Pro Ile Ser Lieu Val Glu 
29 O 295 3OO 

Gln Leu Ser Leu Ala Met His Trp Thr Trp Tyr Leu Ala Thr Met Phe 
305 310 315 320 

Leu Phe Ile Lys Asp Pro Val Asn Met Leu Val Tyr Phe Leu Val Ser 
325 330 335 

Glin Ala Val Cys Gly Asn Lieu Lieu Ala Ile Val Phe Ser Lieu. Asn His 
340 345 35 O 

Asn Gly Met Pro Val Ile Ser Lys Glu Glu Ala Val Asp Met Asp Phe 
355 360 365 

Phe Thr Lys Glin Ile Ile Thr Gly Arg Asp Val His Pro Gly Leu Phe 
370 375 38O 

Ala Asn Trp Phe Thr Gly Gly Lieu. Asn Tyr Glin Ile Glu. His His Lieu 
385 390 395 400 

Phe Pro Ser Met Pro Arg His Asn Phe Ser Lys Ile Gln Pro Ala Val 
405 410 415 

Glu Thr Leu Cys Lys Lys Tyr Asn Val Arg Tyr His Thr Thr Gly Met 
420 425 43 O 

Ile Glu Gly Thr Ala Glu Val Phe Ser Arg Lieu. Asn. Glu Val Ser Lys 
435 4 40 4 45 

Ala Thr Ser Lys Met Gly Lys Ala Glin 
450 455 

<210> SEQ ID NO 32 
&2 11s LENGTH 1001 
&212> TYPE DNA 

<213> ORGANISM: Yarrowia lipolytica 
&220s FEATURE 
<221 NAME/KEY: misc feature 
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gttalaccact tcgatcc.ccg cagoccitctg tacgagaaca gtgacgctaa got catcgto 9 OO 

citcago gata ttggitatcgg totgatggcc actgctotgt actitcct cqt to agaagttc 96.O 

ggitttctaca acatggcc at citggtactitt gttcc ct acc totgggittaa ccactggctic 1020 

gttgccatca cct tcc toca gcacaccgac cct accottc cccactacac caacgac gag 1080 

tggaactitcg toc gtggtgc cqctoctacc attgaccgtg agatgggctt catcggcc.gc 1140 

caccittcticc acggcatcat cqagacitcat gtc.citccacc actacgt.cag cago atc.ccc 1200 

ttctacaacg cqgacgaggc caccgaggcc attaa.gc.cca totatoggcaa goact accgg 1260 

gctgatgtcc aggatggtoc togtggctitc atcc.gc.gc.ca totaccgcag td.cgc.gtatg 1320 

tgcc agtggg ttgagcc.cag cqctdgtgcc gagggtgctg gta agggtgttctgttcttic 1380 

cgcaa.ccgca acaacgtggg caccoccc.cc gctgttatca agc.ccgttgc titaa 1434 

<210> SEQ ID NO 34 
&2 11s LENGTH 477 
&212> TYPE PRT 
<213> ORGANISM: Fusarium monoliforme 

<400 SEQUENCE: 34 

Met Ala Ser Thr Ser Ala Leu Pro Lys Glin Asn Pro Ala Lieu Arg Arg 
1 5 10 15 

Thr Val Thr Ser Thr Thr Val Thr Asp Ser Glu Ser Ala Ala Val Ser 
2O 25 30 

Pro Ser Asp Ser Pro Arg His Ser Ala Ser Ser Thr Ser Leu Ser Ser 
35 40 45 

Met Ser Glu Val Asp Ile Ala Lys Pro Llys Ser Glu Tyr Gly Val Met 
50 55 60 

Leu Asp Thr Tyr Gly Asn Glin Phe Glu Val Pro Asp Phe Thr Ile Lys 
65 70 75 8O 

Asp Ile Tyr Asn Ala Ile Pro Llys His Cys Phe Lys Arg Ser Ala Lieu 
85 90 95 

Lys Gly Tyr Gly Tyr Ile Leu Arg Asp Ile Val Leu Leu Thir Thr Thr 
100 105 110 

Phe Ser Ile Trp Tyr Asn Phe Val Thr Pro Glu Tyr Ile Pro Ser Thr 
115 120 125 

Pro Ala Arg Ala Gly Lieu Trp Ala Val Tyr Thr Val Lieu Glin Gly Lieu 
130 135 1 4 0 

Phe Gly. Thr Gly Leu Trp Val Ile Ala His Glu Cys Gly His Gly Ala 
145 15 O 155 160 

Phe Ser Asp Ser Arg Ile Ile Asn Asp Ile Thr Gly Trp Val Lieu. His 
1.65 170 175 

Ser Ser Leu Leu Val Pro Tyr Phe Ser Trp Glin Ile Ser His Arg Lys 
18O 185 19 O 

His His Lys Ala Thr Gly Asn Met Glu Arg Asp Met Val Phe Val Pro 
195 200 2O5 

Arg Thr Arg Glu Glin Glin Ala Thr Arg Lieu Gly Lys Met Thr His Glu 
210 215 220 

Leu Ala His Leu Thr Glu Glu Thr Pro Ala Phe Thr Lieu. Leu Met Leu 
225 230 235 240 

Val Leu Gln Gln Leu Val Gly Trp Pro Asn Tyr Leu Ile Thr Asn Val 
245 250 255 
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Thr Gly. His Asn Tyr His Glu Arg Glin Arg Glu Gly Arg Gly Lys Gly 
260 265 27 O 

Lys His Asn Gly Lieu Gly Gly Gly Val Asn His Phe Asp Pro Arg Ser 
275 280 285 

Pro Leu Tyr Glu Asn. Ser Asp Ala Lys Lieu. Ile Val Lieu Ser Asp Ile 
29 O 295 3OO 

Gly Ile Gly Leu Met Ala Thr Ala Leu Tyr Phe Leu Val Glin Lys Phe 
305 310 315 320 

Gly Phe Tyr Asn Met Ala Ile Trp Tyr Phe Val Pro Tyr Leu Trp Val 
325 330 335 

Asn His Trp Leu Val Ala Ile Thr Phe Leu Gln His Thr Asp Pro Thr 
340 345 35 O 

Leu Pro His Tyr Thr Asn Asp Glu Trp Asn. Phe Val Arg Gly Ala Ala 
355 360 365 

Ala Thir Ile Asp Arg Glu Met Gly Phe Ile Gly Arg His Lieu Lieu. His 
370 375 38O 

Gly Ile Ile Glu Thr His Val Leu. His His Tyr Val Ser Ser Ile Pro 
385 390 395 400 

Phe Tyr Asn Ala Asp Glu Ala Thr Glu Ala Ile Lys Pro Ile Met Gly 
405 410 415 

Lys His Tyr Arg Ala Asp Val Glin Asp Gly Pro Arg Gly Phe Ile Arg 
420 425 43 O 

Ala Met Tyr Arg Ser Ala Arg Met Cys Gln Trp Val Glu Pro Ser Ala 
435 4 40 4 45 

Gly Ala Glu Gly Ala Gly Lys Gly Val Lieu Phe Phe Arg Asn Arg Asn 
450 455 460 

Asn Val Gly. Thr Pro Pro Ala Val Ile Llys Pro Val Ala 
465 470 475 

<210 SEQ ID NO 35 
&2 11s LENGTH 819 
&212> TYPE DNA 
<213> ORGANISM: Thraustochytrium aureum 
&220s FEATURE 
<221 NAME/KEY: misc feature 
<223> OTHER INFORMATION: synthetic elongase (codon-optimized) 

<400 SEQUENCE: 35 

atggccaact cottctgtctg. g.gacgacgtg gtcggacgag to gaga.ccgg totcgaccag 60 

tggatggacg gagctaagcc citacgctotg accgacgg to tdcc.catgat ggacgtotcc 120 

accatgctcg cctitcgaggit cqgctacatg gcc atgctgc tictitcgg cat toccatcatg 18O 

aag cagatgg agaag.cccitt cqagctgaag accatcaagc tigcto cacaa cct gttcctic 240 

titcggactgt Coctotacat gtgcgtogag accatcc gac aggctatoct gggtggctac 3OO 

aaggtott.cg gcaacgacat ggaga agggc aac gagtccc acgcticaggg catgtc.ccga 360 

atcgtotacg togttctacgt citcca aggcc tacgagttcc togacaccgc tat catgatc 420 

citgtgcaaga agttcaacca ggtotcct to citgcacgtgt accaccatgc cac catcttic 480 

gccatctggt gggctattgc caagtacgct cotggtogcg acgcc tactt citc.cgtocatc 540 

citcaactcct tcgtocacac cqtcatgitac goctactact tctttitcctc. tcagg gctitc 600 

ggctitcgt.ca agcc.catcaa gocctacatc accactctgc agatgaccca gttcatggct 660 
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atgctggtgc agtc.cctgta C gacitaccto titc.ccctg.cg act accotca ggctotggto 720 

cagotgctcg gcgtgtacat gatcaccctg. citc.gctotgttcggcaactt citttgtc.ca.g 78O 

to citacct ga agaag.cccala gaagtccaag accalactaa 819 

<210 SEQ ID NO 36 
&2 11s LENGTH 272 
&212> TYPE PRT 
<213> ORGANISM: Thraustochytrium aureum 

<400 SEQUENCE: 36 

Met Ala Asn Ser Ser Val Trp Asp Asp Val Val Gly Arg Val Glu Thr 
1 5 10 15 

Gly Val Asp Glin Trp Met Asp Gly Ala Lys Pro Tyr Ala Lieu. Thir Asp 
2O 25 30 

Gly Leu Pro Met Met Asp Val Ser Thr Met Leu Ala Phe Glu Val Gly 
35 40 45 

Tyr Met Ala Met Leu Leu Phe Gly Ile Pro Ile Met Lys Glin Met Glu 
50 55 60 

Lys Pro Phe Glu Lieu Lys Thir Ile Lys Lieu Lieu. His Asn Lieu Phe Lieu 
65 70 75 8O 

Phe Gly Leu Ser Leu Tyr Met Cys Val Glu Thir Ile Arg Glin Ala Ile 
85 90 95 

Leu Gly Gly Tyr Lys Val Phe Gly Asn Asp Met Glu Lys Gly Asn. Glu 
100 105 110 

Ser His Ala Glin Gly Met Ser Arg Ile Val Tyr Val Phe Tyr Val Ser 
115 120 125 

Lys Ala Tyr Glu Phe Lieu. Asp Thr Ala Ile Met Ile Lieu. Cys Lys Lys 
130 135 1 4 0 

Phe Asin Glin Val Ser Phe Leu. His Val Tyr His His Ala Thr Ile Phe 
145 15 O 155 160 

Ala Ile Trp Trp Ala Ile Ala Lys Tyr Ala Pro Gly Gly Asp Ala Tyr 
1.65 170 175 

Phe Ser Val Ile Leu Asn Ser Phe Val His Thr Val Met Tyr Ala Tyr 
18O 185 19 O 

Tyr Phe Phe Ser Ser Glin Gly Phe Gly Phe Val Lys Pro Ile Llys Pro 
195 200 2O5 

Tyr Ile Thr Thr Leu Gln Met Thr Glin Phe Met Ala Met Leu Val Glin 
210 215 220 

Ser Leu Tyr Asp Tyr Leu Phe Pro Cys Asp Tyr Pro Glin Ala Leu Val 
225 230 235 240 

Glin Leu Lieu Gly Val Tyr Met Ile Thr Lieu Lieu Ala Lieu Phe Gly Asn 
245 250 255 

Phe Phe Val Glin Ser Tyr Lieu Lys Llys Pro Llys Lys Ser Lys Thr Asn 
260 265 27 O 

<210 SEQ ID NO 37 
&2 11s LENGTH 10945 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Plasmid pDMW232 

<400 SEQUENCE: 37 

aatticcitgca gcc catcg at Caggagagac cqggttggcg gcg tatttgt gttc.ccaaaaa 60 
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caaatgaaaa 

gtattgaaat 

toatatacca 

tgcagtggtg 

tottcgagcc 

gtatic gagaa 

agitatcatac 

ccatacttgc 

cagttaatct 

ggat citcggit 

atgacatcct 

accCCggggg 

aa.gc.calacca 

ccagtggc.ca 

ttctogttgg 

to citcottct 

cc.ggttcc.gg 

cgg tactggit 

aaac cqtgct 

totaatgatgt 

totaatgagct 

gccacgagct 

taggagggca 

atcggaac ct 

actitatagat 

citctggg.cgt. 

cagotgatat 

aacgaagaat 

ggcggcaatg 

ag.cccttctg 

gaaatacagt 

cc cacalatat 

agcactalacc 

gtattgttgac 

toatataagt 

a Cacala Caac 

atactcgatc 

acgctdtcta 

totggtaagc 

totggcc.gta 

caa.cagttcg 

to agaataag 

caaacticggg 

gag agcc.citt 

gagaggggac 

totgttcaga 

gtacaccgtg 

gcttgacagt 

talaga.gcaag 

cgatatgggit 

ccittggtggit 

tgagcacticg 

ttittggtggit 

tatctggggc 

agacitggact 

cgcctttgcc 

tgttgtcggc 

gtatcgtoaa 

acgagt caga 

acticacgitat 

totttgttatc 

toccaaagttc 

taccgtttaa 

tggggatgta 

ataagtagtt 

atgcc.ccatt 

aga Caggtog 

tatacacagt 

citcccago.ca 

cag accitcgg 

gtact gctgt 

ccagtcctca 

gtoggatcgg 

gCalagacago 

taggaacticc 

gacagtttcc 

ggC gttggtg 

gttgccaata 

titccttgagg 

tittgatcatg 

ggtaa.catcc 

agcggcaaag 

gala gaggaga 

agtgaagitat 

atacggctat 

gacaaaaatg 

caa.ccgc.gc.c 

agtgatccala 

cagatact.cg 

tgtag 

atttgtaaca 

caccc.ct titc. 

acagtgtacg 

gttgagaata 

caacgtatta 

ggacagatca 

totgaccatc 

talaattacat 

gcc ttctggit 

cc.gacaatta 

CC gaga.gcgt. 

gag togcc.ct 

gcaa.gctcaa 

toggc.ca.gca 

ttgtactggg 

toggcaccag 

atatogg acc 

totgc galact 

gggag cacag 

cacacataag 

agagaag CaC 

gc ggacittgt 

citgaaataaa 

atgttatggit 

cggtocaaat 

tgatcat gat 

gaaaacgcag 

gcacacticat 

tog accttitt 
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attaccctdt acaaactaag 924 O 

caaattgtca toccitacaac 93OO 

cagatctggt gtagtgg tag 936 O 

agt catacac aagtcagott 9420 

gcact gtacc cago atctoc 94.80 

tgcggataca caggttgttgc 954. O 

atacaagct g aacaag.cgct 96.OO 

atccatagtc taaccitctaa 9 660 

atc.gcttggc citcctcaata 972 O 

tgatato.cgt toc ggtagac 978O 

citcccittgtc gtcaag acco 984 O 

taggtoggtt citgggcaatg 9900 

tggtotgctt gagtactcg 996 O 

tgagcag acc totggc.ca.gc OO20 

agttctogta gtcagagacg OO8O 

citc.gcaggcc agcaatgatt O 140 

acticggc gat toggtgacac O2OO 

ttctgtc.ctic galacaggaag O260 

tgc.cggcgta ggtgaagttcg O320 

gtocg accitt atcggcaa.gc O38O 

acaggttggt tittcttggct 04 40 

ggacgttagc ticgagctitcg O5 OO 

tittagtctg.c agaactttitt O560 

aatagittacg agittagttga O 620 

tagaaagaac gito aatggct O 680 

gaaagcc agc aatgacgttg Of 40 

citgtcag acc cacagoctoc O8OO 

agttggagtic gtact coaaa O 860 

ccittgggaac caccaccgtc O920 

O945 

What is claimed is: 
1. A method for the expression of a coding region of 

interest in a transformed yeast comprising: 
c) providing a transformed yeast having a genetic con 

struct comprising: 
(i) a promoter region of a Yarrowia yat1 gene; and, 
(ii) a coding region of interest expressible in the yeast 

cell; 
wherein the promoter region is operably linked to the 

coding region of interest; and, 

d) growing the transformed yeast of step (a) under con 
ditions whereby the genetic construct of step (a) is 
expressed. 

2. A method according to claim 1 wherein the Yarrowia 
yat1 gene is isolated from Yarrowia lipolytica. 

3. A method according to claim 1 wherein the promoter 
region of the yat1 gene is contained within a nucleic acid 
molecule as set forth in SEQ ID NO:3. 

4. A method according to claim 3 wherein the promoter 
region contains at least one mutation that does not diminish 
its promoter activity. 
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5. A method according to claim 4 wherein the promoter 
activity is at least about 20% to at least about 400% of the 
promoter activity of the wildtype promoter activity. 

6. A method according to claim 5 wherein the promoter 
activity is determined by histochemical assay. 

7. A method according to claim 1 wherein the transformed 
yeast is an oleaginous yeast. 

8. A method of claim 7, wherein the oleaginous yeast is a 
member of a genus selected from the group consisting of 
Yarrowia, Candida, Rhodotorula, Rhodosporidium, Crypto 
coccus, TrichospOron and Lipomyces. 

9. A method according to claim 8, wherein the oleaginous 
yeast is selected from the group consisting of Yarrowia 
lipolytica ATCC #20362, Yarrowia lipolytica ATCC #8862, 
Yarrowia lipolytica ATCC #18944, Yarrowia lipolytica 
ATCC #76982 and Yarrowia lipolytica LGAM S(7)1. 

10. A method according to claim 1 wherein the coding 
region of interest encodes a polypeptide selected from the 
group consisting of desaturases, elongases, acyltrans 
ferases, aminopeptidases, amylases, carbohydrases, carbox 
ypeptidases, catalyases, cellulases, chitinases, cutinases, 
cyclodextrin glycosyltransferases, deoxyribonucleases, 
esterases, C.-galactosidases, B-galactosidases, glucoamy 
lases, C-glucosidases, B-glucanases, B-glucosidases, inver 
tases, laccases, lipases, mannosidases, mutanases, oxidases, 
pectinolytic enzymes, peroxidases, phospholipases, 
phytases, polyphenoloxidases, proteolytic enzymes, ribonu 
cleases, transglutaminases and Xylanases. 

11. A method according to claim 1 wherein the conditions 
whereby the genetic construct of step (a) is expressed are 
those of nitrogen-limitation. 

12. A method according to claim 11 wherein the condi 
tions of nitrogen-limitation are conditions that induce ole 
aginy in the transformed yeast. 

13. A method for the production of an ()-3 or an (D-6 fatty 
acid comprising: 

d) providing a transformed oleaginous yeast comprising a 
genetic construct, comprising: 
(i) a promoter region of a Yarrowia yat1 gene; and, 
(ii) a coding region encoding at least one enzyme of the 

()-3/co-6 fatty acid biosynthetic pathway; 
wherein the promoter region and coding region are oper 

ably linked; 
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e) culturing the transformed oleaginous yeast of step (a) 
under conditions whereby the at least one enzyme of 
the co-3/c)-6 fatty acid biosynthetic pathway is 
expressed and a c)-3 or (D-6 fatty acid is produced; and, 

f) optionally recovering the co-3 or (D-6 fatty acid. 
14. A method according to claim 13 wherein the Yarrowia 

yat1 gene is isolated from Yarrowia lipolytica. 
15. A method according to claim 13 wherein the promoter 

region of the yat1 gene is contained within a nucleic acid 
molecule as set forth in SEQ ID NO:3. 

16. A method according to claim 13 wherein the coding 
region of interest encodes a polypeptide selected from the 
group consisting of desaturases and elongases. 

17. A method according to claim 16 wherein the desatu 
rase is selected from the group consisting of A9 desaturase, 
A12 desaturase, A6 desaturase, A5 desaturase, A17 desatu 
rase, A15 desaturase, A8 desaturase and A4 desaturase. 

18. A method according to claim 13 wherein the oleagi 
nous yeast is a member of a genus selected from the group 
of consisting of Yarrowia, Candida, Rhodotorula, Rho 
dosporidium, Cryptococcus, TrichospOron and Lipomyces. 

19. A method according to claim 18 wherein the oleagi 
nous yeast is Yarrowia lipolytica. 

20. A method according to claim 19, wherein the Yarrowia 
lipolytica is a strain selected from the group consisting of 
Yarrowia lipolytica ATCC #20362, Yarrowia lipolytica 
ATCC #8862, Yarrowia lipolytica ATCC #18944, Yarrowia 
lipolytica ATCC #76982 and Yarrowia lipolytica LGAM 
S(7)1. 

21. A method according to claim 13 wherein the co-3 or 
(D-6 fatty acid is selected from the group consisting of 
linoleic acid, O-linolenic acid, Y-linolenic acid, Stearidonic 
acid, dihomo-y-linoleic acid, eicosatetraenoic acid, arachi 
donic acid, eicosapentaenoic acid, docosapentaenoic acid, 
docosahexaenoic acid, eicosadienoic acid and eicosatrienoic 
acid. 

22. A method according to claim 13 wherein the condi 
tions whereby the at least one enzyme of the co-3/co-6 fatty 
acid biosynthetic pathway is expressed are those of nitrogen 
limitation. 

23. A method according to claim 22 wherein the condi 
tions of nitrogen-limitation are conditions that induce ole 
aginy in the transformed oleaginous yeast. 
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