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(57) ABSTRACT 

Novel genes have been isolated which encode cytochrome 
P450 and NADPH reductase enzymes of the co-hydroxylase 
complex of C. tropicalis 20336. Vectors including these 
genes, transfected host cells and transformed host cells are 
provided. Methods of producing of cytochrome P450 and 
NADPH reductase enzymes are also provided which involve 
transforming a host cell with a gene encoding these enzymes 
and culturing the cells. Methods of increasing the production 
of a dicarboxylic acid and methods of increasing production 
of the aforementioned enzymes are also provided which 
involve increasing in the host cell the number of genes 
encoding these enzymes. A method for discriminating mem 
bers of a gene family by quantifying the expression of genes 
is also provided. 
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CYTOCHROME P450 MONOOXYGENASE AND 
NADPH CYTOCHROME P450 OXDOREDUCTASE 

GENES AND PROTEINS RELATED TO THE 
OMEGA HYDROXYLASE COMPLEX OF 
CANDIDA TROPICALS AND METHODS 

RELATING THERETO 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application Serial No. 60/123,555 filed Mar. 10, 1999, U.S. 
Provisional Application Serial No. 60/103,099 filed Oct. 5, 
1998, and U.S. Provisional Application Serial No. 60/083, 
798 filed May 1, 1998. 

BACKGROUND 

0002) 1. Field of the Invention 
0003. The present invention relates to novel genes which 
encode enzymes of the ()-hydroxylase complex in yeast 
Candida tropicalis Strains. In particular, the invention relates 
to novel genes encoding the cytochrome P450 and NADPH 
reductase enzymes of the co-hydroxylase complex in yeast 
Candida tropicalis, and to a method of quantitating the 
expression of genes. 
0004 2. Description of the Related Art 
0005 Aliphatic dioic acids are versatile chemical inter 
mediates useful as raw materials for the preparation of 
perfumes, polymers, adhesives and macrolid antibiotics. 
While several chemical routes to the synthesis of long-chain 
alpha, ()-dicarboxylic acids are available, the Synthesis is not 
easy and most methods result in mixtures containing shorter 
chain lengths. As a result, extensive purification StepS are 
necessary. While it is known that long-chain dioic acids can 
also be produced by microbial transformation of alkanes, 
fatty acids or esters thereof, chemical Synthesis has remained 
the most commercially viable route, due to limitations with 
the current biological approaches. 
0006 Several strains of yeast are known to excrete alpha, 
()-dicarboxylic acids as a byproduct when cultured on 
alkanes or fatty acids as the carbon Source. In particular, 
yeast belonging to the Genus Candida, Such as C. albicans, 
C. cloacae, C. guillermondii, C. intermedia, C. lipolytica, C. 
maltosa, C. parapsilosis and C. zeylenoides are known to 
produce such dicarboxylic acids (Agr: Biol. Chem. 35: 
2033-2042 (1971)). Also, various strains of C. tropicalis are 
known to produce dicarboxylic acids ranging in chain 
lengths from C through Cs (Okino et al., B M Lawrence, 
B D Mookherjee and B J Willis (eds), in Flavors and 
Fragrances: A World Perspective. Proceedings of the 10" 
International Conference of Essential Oils, Flavors and 
Fragrances, Elsevier Science Publishers BV Amsterdam 
(1988)), and are the basis of several patents as reviewed by 
Bihler and Schindler, in Aliphatic Hydrocarbons in Bio 
technology, H. J. Rehm and G. Reed (eds), Vol. 169, Verlag 
Chemie, Weinheim (1984). 
0007 Studies of the biochemical processes by which 
yeasts metabolize alkanes and fatty acids have revealed 
three types of oxidation reactions: C-oxidation of alkanes to 
alcohols, co-oxidation of fatty acids to alpha, ()-dicarboxylic 
acids and the degradative B-Oxidation of fatty acids to CO2 
and water. The first two types of oxidations are catalyzed by 
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microSomal enzymes while the last type takes place in the 
peroxisomes. In C. tropicalis, the first Step in the co-oxida 
tion pathway is catalyzed by a membrane-bound enzyme 
complex (co-hydroxylase complex) including a cytochrome 
P450 monooxygenase and a NADPH cytochrome reductase. 
This hydroxylase complex is responsible for the primary 
oxidation of the terminal methyl group in alkanes and fatty 
acids (Gilewicz et al., Can. J. Microbiol. 25.201 (1979)). 
The genes which encode the cytochrome P450 and NADPH 
reductase components of the complex have previously been 
identified as P450ALK and P450RED respectively, and have 
also been cloned and Sequenced (Sanglard et al., Gene 
76:121-136 (1989)). P450ALK has also been designated 
P450ALK1. More recently, ALK genes have been desig 
nated by the symbol CYP and RED genes have been 
designated by the symbol CPR. See, e.g., Nelson, Pharma 
cogenetics 6(1):1-42 (1996), which is incorporated herein by 
reference. See also Ohkuma et al., DNA and Cell Biology 
14:163-173 (1995), Seghezzi et al., DNA and Cell Biology, 
11:767-780 (1992) and Kargel et al., Yeast 12:333-348 
(1996), each incorporated herein by reference. For example, 
P450ALK is also designated CYP52 according to the 
nomenclature of Nelson, Supra. Fatty acids are ultimately 
formed from alkanes after two additional Oxidation Steps, 
catalyzed by alcohol oxidase (Kemp et al., Appl. Microbiol. 
and Biotechnol. 28: 370-374 (1988)) and aldehyde dehy 
drogenase. The fatty acids can be further oxidized through 
the same or Similar pathway to the corresponding dicarboxy 
lic acid. The co-oxidation of fatty acids proceeds via the 
()-hydroxy fatty acid and its aldehyde derivative, to the 
corresponding dicarboxylic acid without the requirement for 
CoA activation. However, both fatty acids and dicarboxylic 
acids can be degraded, after activation to the corresponding 
acyl-CoA ester through the 3-oxidation pathway in the 
peroxisomes, leading to chain shortening. In mammalian 
Systems, both fatty acid and dicarboxylic acid products of 
()-oxidation are activated to their CoA-esters at equal rates 
and are Substrates for both mitochondrial and peroxisomal 
f3-oxidation (J. Biochem., 102:225-234 (1987)). In yeast, 
f-oxidation takes place Solely in the peroxisomes (Arg. Bi 
ol. Chem. 49:1821-1828 (1985)). 
0008. It has recently been determined that certain eukary 
otes, e.g., certain yeast, do not adhere, in Some respects, to 
the “universal' genetic code which provides that particular 
codons (triplets of nucleic acids) code for specific amino 
acids. Indeed, the genetic code is “universal' because it is 
Virtually the Same in all living organisms. Certain Candida 
sp. are now known to translate the CTG codon (which, 
according to the “universal code designates leucine) as 
serine. See, e.g., Ueda et al., Biochemie (1994) 76, 1217 
1222, where C. tropicalis, C. cylindracea, C. guilliermodii 
and C. lusitaniae are shown to adhere to the “non-universal' 
code with respect to the CTG codon. Accordingly, nucleic 
acid Sequences may code for one amino acid Sequence in 
“universal code organisms and a variant of that amino acid 
Sequence in “non-universal' code organisms depending on 
the number of CTG codons present in the nucleic acid 
coding Sequence. The difference may become evident when, 
in the course of genetic engineering, nucleic acid encoding 
a protein is transferred from a “non-universal code organ 
ism to a “universal' code organism or Vice Versa. Obviously, 
there will be a different amino acid Sequence depending on 
which organism is used to express the protein. 
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0009. The production of dicarboxylic acids by fermenta 
tion of unsaturated C-C monocarboxylic acids using a 
strain of the species C. tropicalis is disclosed in U.S. Pat. 
No. 4,474,882. The unsaturated dicarboxylic acids corre 
spond to the Starting materials in the number and position of 
the double bonds. Similar processes in which other special 
microorganisms are used are described in U.S. Pat. Nos. 
3,975,234 and 4,339,536, in British Patent Specification 
1405,026 and in German Patent Publications 21 64 626, 28 
53 847, 2937 292, 29 51177, and 21 40 133. 

0010 Cytochromes P450 (P450s) are terminal monooxi 
dases of a multicomponent enzyme System as described 
above. They comprise a Superfamily of proteins which exist 
widely in nature having been isolated from a variety of 
organisms as described e.g., in Nelson, Supra. These organ 
isms include various mammals, fish, invertebrates, plants, 
mollusk, crustaceans, lower eukaryotes and bacteria (Nel 
Son, Supra). First discovered in rodent liver microSomes as 
a carbon-monoxide binding pigment as described, e.g., in 
Garfinkel, Arch. Biochem. Biophys. 77:493-509 (1958), 
which is incorporated herein by reference, P450s were later 
named based on their absorption at 450 nm in a reduced-CO 
coupled difference Spectrum as described, e.g., in Omura et 
al., J. Biol. Chem. 239:2370-2378 (1964), which is incor 
porated herein by reference. 

0011 P450s catalyze the metabolism of a variety of 
endogenous and exogenous compounds (Nelson, Supra). 
Endogenous compounds include Steroids, proStanoids, 
eicosanoids, fat-Soluble Vitamins, fatty acids, mammalian 
alkaloids, leukotrines, biogenic amines and phytolexins 
(Nelson, Supra). P450 metabolism involves such reactions as 
epoxidation, hydroxylation, deakylation, N-hydroxylation, 
Sulfoxidation, desulfuration and reductive dehalogenation. 
These reactions generally make the compound more water 
Soluble, which is conducive for excretion, and more elec 
trophilic. These electrophilic products can have detrimental 
effects if they react with DNA or other cellular constituents. 
However, they can react through conjugation with low 
molecular weight hydrophilic Substances resulting in glu 
coronidation, Sulfation, acetylation, amino acid conjugation 
or glutathione conjugation typically leading to inactivation 
and elimination as described, e.g., in Klaassen et al., Toxi 
cology, 3' ed, Macmillan, New York, 1986, incorporated 
herein by reference. 
0012 P450s are heme thiolate proteins consisting of a 
heme moiety bound to a single polypeptide chain of 45,000 
to 55,000 Da. The iron of the heme prosthetic group is 
located at the center of a protoporphyrin ring. Four ligands 
of the heme iron can be attributed to the porphyrin ring. The 
fifth ligand is a thiolate anion from a cysteinyl residue of the 
polypeptide. The Sixth ligand is probably a hydroxyl group 
from an amino acid residue, or a moiety with a similar field 
Strength Such as a water molecule as described, e.g., in 
Goeptar et al., Critical Reviews in Toxicology 25(1):25-65 
(1995), incorporated herein by reference. 
0013 Monooxygenation reactions catalyzed by cyto 
chromes P450 in a eukaryotic membrane-bound system 
require the transfer of electrons from NADPH to P450 via 
NADPH-cytochrome P450 reductase (CPR) as described, 
e.g., in Taniguchi et al., Arch. Biochem. BiophyS. 232:585 
(1984), incorporated herein by reference. CPR genes are 
now also referred to as NCP genes. See, e.g., Debacker et al., 
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Antimicrobial Agents and Chemotherapy, 45:1660 (2001). 
CPR is a flavoprotein of approximately 78,000 Da contain 
ing 1 mol of flavin adenine dinucleotide (FAD) and 1 mol of 
flavin mononucleotide (FMN) per mole of enzyme as 
described, e.g., in Potter et al., J. Biol. Chem. 258:6906 
(1983), incorporated herein by reference. The FAD moiety 
of CPR is the site of electron entry into the enzyme, whereas 
FMN is the electron-donating site to P450 as described, e.g., 
in Vermilion et al., J. Biol. Chem. 253:8812 (1978), incor 
porated herein by reference. The overall reaction is as 
follows: 

0014 Binding of a substrate to the catalytic site of P450 
apparently results in a conformational change initiating 
electron transfer from CPR to P450. Subsequent to the 
transfer of the first electron, O binds to the Fe-P450 
substrate complex to form Fes-P450-substrate complex. 
This complex is then reduced by a Second electron from 
CPR, or, in some cases, NADH via cytochrome b5 and 
NADH-cytochrome b5 reductase as described, e.g., in 
Guengerich et al., Arch. Biochem. BiophyS. 205:365 (1980), 
incorporated herein by reference. One atom of this reactive 
oxygen is introduced into the Substrate, while the other is 
reduced to water. The oxygenated Substrate then dissociates, 
regenerating the oxidized form of the cytochrome P450 as 
described, e.g., in Klassen, Amdur and Doull, Casarett and 
Doull's Toxicoloy, Macmillan, New York (1986), incorpo 
rated herein by reference. 

0.015 The P450 reaction cycle can be short-circuited in 
Such a way that O is reduced to O and/or HO instead of 
being utilized for Substrate oxygenation. This side reaction 
is often referred to as the “uncoupling” of cytochrome P450 
as described, e.g., in Kuthen et al., Eur: J. Biochem. 126:583 
(1982) and Poulos et al., FASEB J. 6:674 (1992), both of 
which are incorporated herein by reference. The formation 
of these oxygen radicals may lead to oxidative cell damage 
as described, e.g., in Mukhopadhyay, J. Biol. Chem. 
269(18): 13390-13397 (1994) and Ross et al., Biochem. 
Pharm. 49(7):979-989 (1995), both of which are incorpo 
rated herein by reference. It has been proposed that cyto 
chrome b5’s effect on P450 binding to the CPR results in a 
more Stable complex which is less likely to become 
“uncoupled as described, e.g., in Yamazaki et al., Arch. 
Biochem. BiophyS. 325(2):174-182 (1996), incorporated 
herein by reference. 
0016 P450 families are assigned based upon protein 
Sequence comparisons. Notwithstanding a certain amount of 
heterogeneity, a practical classification of P450s into fami 
lies can be obtained based on deduced amino acid Sequence 
similarity. P450s with amino acid sequence similarity of 
between about 40-80% are considered to be in the same 
family, with Sequences of about>55% belonging to the same 
Subfamily. Those with sequence similarity of aboutCA.0% are 
generally listed as members of different P450 gene families 
(Nelson, Supra). A value of about>97% is taken to indicate 
allelic variants of the same gene, unless proven otherwise 
based on catalytic activity, Sequence divergence in non 
translated regions of the gene Sequence, or chromosomal 
mapping. 

0017. The most highly conserved region is the HR2 
consensus containing the invariant cysteine residue near the 
carboxyl terminus which is required for heme binding as 
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described, e.g., in Gotoh et al. J. Biochem. 93:807-817 
(1983) and Motohashi et al., J. Biochem. 101:879-997 
(1987), both of which are incorporated herein by reference. 
Additional consensus regions, including the central region 
of helix I and the transmembrane region, have also been 
identified, as described, e.g., in Goeptar et al., Supra and Kalb 
et al., PNAS. 85:7221-7225 (1988), incorporated herein by 
reference, although the HR2 cysteine is the only invariant 
amino acid among P450s. 
0018 Short chain (sC12) aliphatic dicarboxylic acids 
(diacids) are important industrial intermediates in the manu 
facture of diesters and polymers, and find application as 
thermoplastics, plasticizing agents, lubricants, hydraulic flu 
ids, agricultural chemicals, pharmaceuticals, dyes, Surfac 
tants, and adhesives. The high price and limited availability 
of short chain diacids are due to constraints imposed by the 
existing chemical Synthesis. 
0019 Long-chain diacids (aliphatic C, ()-dicarboxylic 
acids with carbon numbers of 12 or greater, hereafter also 
referred to as diacids) (HOOC-(CH)-COOH) are a versa 
tile family of chemicals with demonstrated and potential 
utility in a variety of chemical products including plastics, 
adhesives, and fragrances. Unfortunately, the full market 
potential of diacids has not been realized because chemical 
processes produce only a limited range of these materials at 
a relatively high price. In addition, chemical processes for 
the production of diacids have a number of limitations and 
disadvantages. All the chemical processes are restricted to 
the production of diacids of Specific carbon chain lengths. 
For example, the dodecanedioic acid process Starts with 
butadiene. The resulting product diacids are limited to 
multiples of four-carbon lengths and, in practice, only dode 
canedioic acid is made. The dodecanedioic process is based 
on nonrenewable petrochemical feedstocks. The multireac 
tion conversion process produces unwanted byproducts, 
which result in yield losses, NO pollution and heavy metal 
WaSteS. 

0020 Long-chain diacids offer potential advantages over 
Shorter chain diacids, but their high Selling price and limited 
commercial availability prevent widespread growth in many 
of these applications. Biocatalysis offers an innovative way 
to overcome these limitations with a process that produces 
a wide range of diacid products from renewable feedstockS. 
However, there is no commercially viable bioprocess to 
produce long chain diacids from renewable resources. 

SUMMARY OF THE INVENTION 

0021. An isolated nucleic acid is provided which encodes 
a CPRA protein having the amino acid Sequence Set forth in 
SEO ID NO: 83 or SEO ID NO: 117. An isolated nucleic 
acid is also provided which includes a coding region defined 
by nucleotides 1006-3042 as set forth in SEQID NO: 81. An 
isolated protein is provided which includes an amino acid 
sequence as set forth in SEQID NO: 83 or SEQID NO: 117. 
A vector is provided which includes a nucleotide Sequence 
encoding CPRA protein including an amino acid Sequence 
as set forth in SEO ID NO: 83 or SEO ID NO: 117. A host 
cell is provided which is transfected or transformed with the 
nucleic acid encoding CPRA protein having an amino acid 
sequence as set forth in SEQID NO: 83 or SEQID NO: 117. 
A method of producing a CPRA protein including an amino 
acid sequence as set forth in SEQID NO: 83 or SEQID NO: 
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117 is also provided which includes a) transforming a 
suitable host cell with a DNA sequence that encodes the 
protein having the amino acid Sequence as Set forth in SEQ 
ID NO: 83 or SEQ ID NO: 117; and b) culturing the cell 
under conditions favoring the expression of the protein. 

0022. An isolated nucleic acid is provided which encodes 
a CPRB protein having the amino acid sequence set forth in 
SEO ID NO: 84 or SEO ID NO: 118. An isolated nucleic 
acid is provided which includes a coding region defined by 
nucleotides 1033-3069 as set forth in SEO ID NO: 82. An 
isolated protein is provided which includes an amino acid 
sequence as set forth in SEQID NO: 84 or SEQID NO: 118. 
A vector is provided which includes a nucleotide Sequence 
encoding CPRB protein including an amino acid Sequence 
as set forth in SEO ID NO: 84 or SEO ID NO: 118. A host 
cell is provided which is transfected or transformed with the 
nucleic acid encoding CPRB protein having an amino acid 
sequence as set forth in SEQID NO: 84 or SEQID NO: 118. 
A method of producing a CPRB protein including an amino 
acid sequence as set forth in SEQID NO: 84 or SEQID NO: 
118 is provided which includes a) transforming a Suitable 
host cell with a DNA sequence that encodes the protein 
having the amino acid sequence as set forth in SEQ ID NO: 
84 or SEQ ID NO: 118; and b) culturing the cell under 
conditions favoring the expression of the protein. 

0023. An isolated nucleic acid is provided which encodes 
a CYP52A1A protein having the amino acid Sequence Set 
forth in SEO ID NO: 95 or SEO ID NO: 110. An isolated 
nucleic acid is provided which includes a coding region 
defined by nucleotides 1177-2748 as set forth in SEQ ID 
NO: 85. An isolated protein is provided which includes an 
amino acid sequence as set forth in SEQ ID NO: 95 or SEQ 
ID NO: 110. A vector is provided which includes a nucle 
otide Sequence encoding CYP52A1A protein including an 
amino acid sequence as set forth in SEQ ID NO: 95 or SEQ 
ID NO: 110. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A1A 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 95 or SEQ ID NO: 110. A method of producing a 
CYP52A1A protein including an amino acid Sequence as Set 
forth in SEQ ID NO: 95 or SEQ ID NO: 110 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQID NO: 95 or SEQID NO: 
110; and b) culturing the cell under conditions favoring the 
expression of the protein. 

0024. An isolated nucleic acid encoding a CYP52A2A 
protein is provided which has the amino acid Sequence Set 
forth in SEQID NO: 96. An isolated nucleic acid is provided 
which includes a coding region defined by nucleotides 
1199-2767 as set forth in SEO ID NO: 86. An isolated 
protein is provided which includes an amino acid Sequence 
as set forth in SEQ ID NO: 96. A vector is provided which 
includes a nucleotide Sequence encoding CYP52A2A pro 
tein including an amino acid Sequence as Set forth in SEQID 
NO: 96. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A2A 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 96. A method of producing a CYP52A2A protein 
including an amino acid Sequence as Set forth in SEQ ID 
NO: 96 is provided which includes a) transforming a suit 
able host cell with a DNA sequence that encodes the protein 
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having the amino acid sequence as set forth in SEQ ID NO: 
96; and b) culturing the cell under conditions favoring the 
expression of the protein. 

0025) An isolated nucleic acid encoding a CYP52A2B 
protein is provided which has the amino acid Sequence Set 
forth in SEQID NO: 97. An isolated nucleic acid is provided 
which includes a coding region defined by nucleotides 
1072-2640 as set forth in SEO ID NO: 87. An isolated 
protein is provided which includes an amino acid Sequence 
as set forth in SEQ ID NO: 97. A vector is provided which 
includes a nucleotide sequence encoding CYP52A2B pro 
tein including an amino acid Sequence as Set forth in SEQID 
NO: 97. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A2B 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 97. A method of producing a CYP52A2B protein 
including an amino acid Sequence as Set forth in SEQ ID 
NO: 97 is provided which includes a) transforming a suit 
able host cell with a DNA sequence that encodes the protein 
having the amino acid sequence as set forth in SEQ ID NO: 
97; and b) culturing the cell under conditions favoring the 
expression of the protein. 

0026. An isolated nucleic acid encoding a CYP52A3A 
protein is provided which has the amino acid Sequence Set 
forth in SEQID NO: 98. An isolated nucleic acid is provided 
which includes a coding region defined by nucleotides 
1126-2748 as set forth in SEO ID NO: 88. An isolated 
protein is provided which includes an amino acid Sequence 
as set forth in SEQ ID NO: 98. A vector is provided which 
includes a nucleotide sequence encoding CYP52A3A pro 
tein including an amino acid Sequence as Set forth in SEQID 
NO: 98. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A3A 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 98. A method of producing a CYP52A3A protein 
including an amino acid Sequence as Set forth in SEQ ID 
NO: 98 is provided which includes a) transforming a suit 
able host cell with a DNA sequence that encodes the protein 
having the amino acid sequence as set forth in SEQ ID NO: 
98; and b) culturing the cell under conditions favoring the 
expression of the protein. 

0027. An isolated nucleic acid encoding a CYP52A3B 
protein is provided having the amino acid Sequence as Set 
forth in SEO ID NO: 99 or SEO ID NO: 111. An isolated 
nucleic acid is provided which includes a coding region 
defined by nucleotides 913-2535 as set forth in SEQID NO: 
89. An isolated protein is provided which includes an amino 
acid sequence as set forth in SEQID NO: 99 or SEQID NO: 
111. A vector is provided which includes a nucleotide 
Sequence encoding CYP52A3B protein including an amino 
acid sequence as set forth in SEQID NO: 99 or SEQID NO: 
111. A host cell is provided which is transfected or trans 
formed with the nucleic acid encoding CYP52A3B protein 
having an amino acid sequence as set forth in SEQ ID NO: 
99 or SEQ ID NO: 111. A method of producing a 
CYP52A3B protein including an amino acid sequence as set 
forth in SEQ ID NO: 99 or SEQ ID NO: 111 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQID NO: 99 or SEQID NO: 
111; and b) culturing the cell under conditions favoring the 
expression of the protein. 
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0028. An isolated nucleic acid encoding a CYP52A5A 
protein is provided having the amino acid Sequence Set forth 
in SEO ID NO: 100 or SEO ID NO: 112. An isolated nucleic 
acid is provided which includes a coding region defined by 
nucleotides 1103-2656 as set forth in SEO ID NO: 90. An 
isolated protein is provided which includes an amino acid 
sequence as set forth in SEQ ID NO: 100 or SEQ ID NO: 
112. A vector is provided which includes a nucleotide 
Sequence encoding CYP52A5A protein including an amino 
acid sequence as set forth in SEQ ID NO: 100 or SEQ ID 
NO: 112. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A5A 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 100 or SEQ ID NO: 112. A method of producing a 
CYP52A5A protein including an amino acid Sequence as Set 
forth in SEQ ID NO: 100 or SEQ ID NO: 112 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQ ID NO: 100 or SEQ ID 
NO: 112; and b) culturing the cell under conditions favoring 
the expression of the protein. 

0029. An isolated nucleic acid encoding a CYP52A5B 
protein is provided having the amino acid Sequence as Set 
forth in SEO ID NO: 101 or SEO ID NO: 113. An isolated 
nucleic acid is provided which includes a coding region 
defined by nucleotides 1142-2695 as set forth in SEQ ID 
NO: 91. An isolated protein is provided which includes an 
amino acid sequence as set forth in SEQ ID NO: 101 or SEQ 
ID NO: 113. A vector is provided which includes a nucle 
otide sequence encoding CYP52A5B protein including the 
amino acid sequence as set forth in SEQ ID NO: 101 or SEQ 
ID NO: 113. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A5B 
protein having the amino acid Sequence as Set forth in SEQ 
ID NO: 101 or SEQ ID NO: 113. A method of producing a 
CYP52A5B protein including an amino acid sequence as set 
forth in SEQ ID NO: 101 or SEQ ID NO: 113 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQ ID NO: 101 or SEQ ID 
NO: 113; and b) culturing the cell under conditions favoring 
the expression of the protein. 

0030. An isolated nucleic acid encoding a CYP52A8A 
protein is provided having the amino acid Sequence Set forth 
in SEO ID NO: 102 or SEO ID NO: 114. An isolated nucleic 
acid is provided which includes a coding region defined by 
nucleotides 464-2002 as set forth in SEO ID NO: 92. An 
isolated protein is provided which includes an amino acid 
sequence as set forth in SEQ ID NO: 102 or SEQ ID NO: 
114. A vector is provided which includes a nucleotide 
Sequence encoding CYP52A8A protein including an amino 
acid sequence as set forth in SEQ ID NO: 102 or SEQ ID 
NO: 114. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A8A 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 102 or SEQ ID NO: 114. A method of producing a 
CYP52A8A protein including an amino acid Sequence as Set 
forth in SEQ ID NO: 102 or SEQ ID NO: 114 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQ ID NO: 102 or SEQ ID 
NO: 114; and b) culturing the cell under conditions favoring 
the expression of the protein. 
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0031) An isolated nucleic acid encoding a CYP52A8B 
protein is provided having the amino acid Sequence Set forth 
in SEO ID NO: 103 or SEO ID NO: 115. An isolated nucleic 
acid is provided which includes a coding region defined by 
nucleotides 1017-2555 as set forth in SEO ID NO: 93. An 
isolated protein is provided which includes an amino acid 
sequence as set forth in SEQ ID NO: 103 or SEQ ID NO: 
115. A vector is provided which includes a nucleotide 
Sequence encoding CYP52A8B protein including an amino 
acid sequence as set forth in SEQ ID NO: 103 or SEQ ID 
NO: 115. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52A8B 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 103 or SEQ ID NO: 115. A method of producing a 
CYP52A8B protein including an amino acid sequence as set 
forth in SEQ ID NO: 103 or SEQ ID NO: 115 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQ ID NO: 103 or SEQ ID 
NO: 115; and b) culturing the cell under conditions favoring 
the expression of the protein. 
0032. An isolated nucleic acid encoding a CYP52D4A 
protein is provided having the amino acid Sequence Set forth 
in SEO ID NO: 104 or SEO ID NO: 116. An isolated nucleic 
acid is provided including a coding region defined by 
nucleotides 767-2266 as set forth in SEO ID NO: 94. An 
isolated protein is provided which includes an amino acid 
sequence as set forth in SEQ ID NO: 104 or SEQ ID NO: 
116. A vector is provided which includes a nucleotide 
Sequence encoding CYP52D4A protein including an amino 
acid sequence as set forth in SEQ ID NO: 104 or SEQ ID 
NO: 116. A host cell is provided which is transfected or 
transformed with the nucleic acid encoding CYP52D4A 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 104 or SEQ ID NO: 116. A method of producing a 
CYP52D4A protein including an amino acid Sequence as Set 
forth in SEQ ID NO: 104 or SEQ ID NO: 116 is provided 
which includes a) transforming a Suitable host cell with a 
DNA sequence that encodes the protein having the amino 
acid sequence as set forth in SEQ ID NO: 104 or SEQ ID 
NO: 116; and b) culturing the cell under conditions favoring 
the expression of the protein. 
0033. A method for discriminating members of a gene 
family by quantifying the amount of target mRNA in a 
Sample is provided which includes a) providing an organism 
containing a target gene; b) culturing the organism with an 
organic Substrate which causes upregulation in the activity 
of the target gene; c) obtaining a sample of total RNA from 
the organism at a first point in time; d) combining at least a 
portion of the sample of the total RNA with a known amount 
of competitor RNA to form an RNA mixture, wherein the 
competitor RNA is substantially similar to the target mRNA 
but has a lesser number of nucleotides compared to the target 
mRNA; e) adding reverse transcriptase to the RNA mixture 
in a quantity Sufficient to form corresponding target DNA 
and competitor DNA, (f) conducting a polymerase chain 
reaction in the presence of at least one primer Specific for at 
least one Substantially non-homologous region of the target 
DNA within the gene family, the primer also specific for the 
competitor DNA, g) repeating Steps (c-f) using increasing 
amounts of the competitor RNA while maintaining a Sub 
Stantially constant amount of target RNA; h) determining the 
point at which the amount of target DNA is substantially 
equal to the amount of competitor DNA; i) quantifying the 
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results by comparing the ratio of the concentration of 
unknown target to the known concentration of competitor; 
andj) obtaining a Sample of total RNA from the organism at 
another point in time and repeating steps (d-i). 
0034 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CPRA genes; b) 
increasing, in the host cell, the number of CPRA genes 
which encode a CPRA protein having the amino acid 
sequence as set forth in SEQ ID NO: 83 or SEQID NO: 117; 
c) culturing the host cell in media containing an organic 
substrate which upregulates the CPRA gene, to effect 
increased production of dicarboxylic acid. 

0035 A method for increasing the production of a CPRA 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 83 or SEQ ID NO: 117 is provided which includes 
a) transforming a host cell having a naturally occurring 
amount of CPRA protein with an increased copy number of 
a CPRA gene that encodes the CPRA protein having the 
amino acid sequence as set forth in SEQ ID NO: 83 or SEQ 
ID NO: 117; and b) culturing the cell and thereby increasing 
expression of the protein compared with that of a host cell 
containing a naturally occurring copy number of the CPRA 
gene. 

0036 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CPRB genes; b) 
increasing, in the host cell, the number of CPRB genes 
which encode a CPRB protein having the amino acid 
sequence as set forth in SEQ ID NO: 84 or SEQID NO: 118; 
c) culturing the host cell in media containing an organic 
substrate which upregulates the CPRB gene, to effect 
increased production of dicarboxylic acid. 
0037 Amethod for increasing the production of a CPRB 
protein having an amino acid Sequence as Set forth in SEQ 
ID NO: 84 or SEQ ID NO: 118 is provided which includes 
a) transforming a host cell having a naturally occurring 
amount of CPRB protein with an increased copy number of 
a CPRB gene that encodes the CPRB protein having the 
amino acid sequence as set forth in SEQ ID NO: 84 or SEQ 
ID NO: 118; and b) culturing the cell and thereby increasing 
expression of the protein compared with that of a host cell 
containing a naturally occurring copy number of the CPRB 
gene. 

0038 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A1A genes, 
b) increasing, in the host cell, the number of CYP52A1A 
genes which encode a CYP52A1A protein having the amino 
acid sequence as set forth in SEQID NO: 95 or SEQID NO: 
110, c) culturing the host cell in media containing an organic 
substrate which upregulates the CYP52A1A gene, to effect 
increased production of dicarboxylic acid. 

0039. A method for increasing the production of a 
CYP52A1A protein having an amino acid Sequence as Set 
forth in SEQ ID NO: 95 or SEQ ID NO: 110 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52A1A protein with an increased 
copy number of a CYP52A4A gene that encodes the 
CYP52A1A protein having the amino acid Sequence as Set 
forth in SEQ ID NO: 95 or SEQ ID NO: 110; and b) 
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culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52A1A gene. 
0040. A method for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A2A genes; 
b) increasing, in the host cell, the number of CYP52A2A 
genes which encode a CYP52A2A protein having the amino 
acid sequence as set forth in SEQID NO: 96; c) culturing the 
host cell in media containing an organic Substrate which 
upregulates the CYP52A2A gene, to effect increased pro 
duction of dicarboxylic acid. 
0041. A method for increasing the production of a 
CYP52A2A protein having an amino acid Sequence as Set 
forth in SEQ ID NO: 96 is provided which includes a) 
transforming a host cell having a naturally occurring amount 
of CYP52A2A protein with an increased copy number of a 
CYP52A2A gene that encodes the CYP52A2A protein hav 
ing the amino acid sequence as set forth in SEQ ID NO: 96; 
and b) culturing the cell and thereby increasing expression 
of the protein compared with that of a host cell containing 
a naturally occurring copy number of the CYP52A2A gene. 
0.042 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A2B genes; 
b) increasing, in the host cell, the number of CYP52A2B 
genes which encode a CYP52A2B protein having the amino 
acid sequence as set forth in SEQID NO: 97; c) culturing the 
host cell in media containing an organic Substrate which 
upregulates the CYP52A2B gene, to effect increased pro 
duction of dicarboxylic acid. 
0.043 A method for increasing the production of a 
CYP52A2B protein having an amino acid Sequence as Set 
forth in SEQ ID NO: 97 is provided which includes a) 
transforming a host cell having a naturally occurring amount 
of CYP52A2B protein with an increased copy number of a 
CYP52A2B gene that encodes the CYP52A2B protein hav 
ing the amino acid sequence as set forth in SEQ ID NO: 97; 
and b) culturing the cell and thereby increasing expression 
of the protein compared with that of a host cell containing 
a naturally occurring copy number of the CYP52A2B gene. 
0044 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A3A genes; 
b) increasing, in the host cell, the number of CYP52A3A 
genes which encode a CYP52A3A protein having the amino 
acid sequence as set forth in SEQID NO: 98; c) culturing the 
host cell in media containing an organic Substrate which 
upregulates CYP52A3A gene, to effect increased production 
of dicarboxylic acid. 
0.045. A method for increasing the production of a 
CYP52A3A protein having an amino acid Sequence as Set 
forth in SEQ ID NO: 98 is provided which includes a) 
transforming a host cell having a naturally occurring amount 
of CYP52A3A protein with an increased copy number of a 
CYP52A3A gene that encodes the CYP52A3A protein hav 
ing the amino acid sequence as set forth in SEQ ID NO: 98; 
and b) culturing the cell and thereby increasing expression 
of the protein compared with that of a host cell containing 
a naturally occurring copy number of the CYP52A3A gene. 
0.046 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 

Aug. 14, 2003 

having a naturally occurring number of CYP52A3B genes; 
b) increasing, in the host cell, the number of CYP52A3B 
genes which encode a CYP52A3B protein having the amino 
acid sequence as set forth in SEQID NO: 99 or SEQID NO: 
111; c) culturing the host cell in media containing an organic 
substrate which upregulates the CYP52A3B gene, to effect 
increased production of dicarboxylic acid. 

0047 A method for increasing the production of a 
CYP52A3B protein having an amino acid sequence as set 
forth in SEQ ID NO: 99 or SEQ ID NO: 111 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52A3B protein with an increased 
copy number of a CYP52A3B gene that encodes the 
CYP52A3B protein having the amino acid sequence as set 
forth in SEQ ID NO: 99 or SEQ ID NO: 111; and b) 
culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52A3B gene. 
0048 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A5A genes; 
b) increasing, in the host cell, the number of CYP52A5A 
genes which encode a CYP52A5A protein having the amino 
acid sequence as set forth in SEQ ID NO: 100 or SEQ ID 
NO: 112; c) culturing the host cell in media containing an 
organic substrate which upregulates the CYP52A5A gene, to 
effect increased production of dicarboxylic acid. 
0049. A method for increasing the production of a 
CYP52A5A protein having an amino acid sequence as set 
forth in SEQ ID NO: 100 or SEQ ID NO: 112 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52A5A protein with an increased 
copy number of a CYP52A5A gene that encodes the 
CYP52A5A protein having the amino acid sequence as set 
forth in SEQ ID NO: 100 or SEQ ID NO: 112; and b) 
culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52A5A gene. 
0050 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A5B genes; 
b) increasing, in the host cell, the number of CYP52A5B 
genes which encode a CYP52A5B protein having the amino 
acid sequence as set forth in SEQ ID NO: 101 or SEQ ID 
NO: 113; c) culturing the host cell in media containing an 
organic substrate which upregulates the CYP52A5B gene, to 
effect increased production of dicarboxylic acid. 
0051. A method for increasing the production of a 
CYP52A5B protein having an amino acid sequence as set 
forth in SEQ ID NO: 101 or SEQ ID NO: 113 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52A5B protein with an increased 
copy number of a CYP52A5B gene that encodes the 
CYP52A5B protein having the amino acid sequence as set 
forth in SEQ ID NO: 101 or SEQ ID NO: 113; and b) 
culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52A5B gene. 
0052 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A8A genes; 
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b) increasing, in the host cell, the number of CYP52A8A 
genes which encode a CYP52A8A protein having the amino 
acid sequence as set forth in SEQ ID NO: 102 or SEQ ID 
NO: 114; c) culturing the host cell in media containing an 
organic substrate which upregulates the CYP52A8A gene, to 
effect increased production of dicarboxylic acid. 
0.053 A method for increasing the production of a 
CYP52A8A protein having an amino acid Sequence as Set 
forth in SEQ ID NO: 102 or SEQ ID NO: 114 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52A8A protein with an increased 
copy number of a CYP52A8A gene that encodes the 
CYP52A8A protein having the amino acid sequence as set 
forth in SEQ ID NO: 102 or SEQ ID NO: 114; and b) 
culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52A8A gene. 
0.054 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52A8B genes; 
b) increasing, in the host cell, the number of CYP52A8B 
genes which encode a CYP52A8B protein having the amino 
acid sequence as set forth in SEQ ID NO: 103 or SEQ ID 
NO: 115; c) culturing the host cell in media containing an 
organic substrate which upregulates the CYP52A8B gene, to 
effect increased production of dicarboxylic acid. 
0.055 A method for increasing the production of a 
CYP52A8B protein having an amino acid sequence as set 
forth in SEQ ID NO: 103 or SEQ ID NO: 115 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52A8B protein with an increased 
copy number of a CYP52A8B gene that encodes the 
CYP52A8B protein having the amino acid sequence as set 
forth in SEQ ID NO: 103 or SEQ ID NO: 115; and b) 
culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52A8B gene. 
0056 Amethod for increasing production of a dicarboxy 
lic acid is provided which includes a) providing a host cell 
having a naturally occurring number of CYP52D4A genes; 
b) increasing, in the host cell, the number of CYP52D4A 
genes which encode a CYP52D4A protein having the amino 
acid sequence as set forth in SEQ ID NO: 104 or SEQ ID 
NO: 116; c) culturing the host cell in media containing an 
organic substrate which upregulates the CYP52D4A gene, to 
effect increased production of dicarboxylic acid. 
0057. A method for increasing the production of a 
CYP52D4A protein having an amino acid Sequence as Set 
forth in SEQ ID NO: 104 or SEQ ID NO: 116 is provided 
which includes a) transforming a host cell having a naturally 
occurring amount of CYP52D4A protein with an increased 
copy number of a CYP52D4A gene that encodes the 
CYP52D4A protein having the amino acid sequence as set 
forth in SEQ ID NO: 104 or SEQ ID NO: 116; and b) 
culturing the cell and thereby increasing expression of the 
protein compared with that of a host cell containing a 
naturally occurring copy number of the CYP52D4A gene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.058 FIG. 1 is a schematic representation of cloning 
vector pTriplex from ClontechTM Laboratories, Inc. 
Selected restriction sites within the multiple cloning Site are 
shown. 

Aug. 14, 2003 

0059) 
0060 FIG. 2B is a schematic representation of cloning 
phagemid vector pBK-CMV. 

0061 FIG. 3 is a double stranded DNA sequence of a 
portion of the 5 prime coding region of the CYP52A5A gene 
(SEQ ID NO: 36), the non-coding or antisense sequence 
(SEQ ID NO: 108), primer 7581-97F (SEQ ID NO: 47) and 
primer 7581-97M (SEQ ID NO: 48). 

FIG. 2A is a map of the ZAP ExpressTM vector. 

0062 FIG. 4 is a diagrammatic representation of highly 
conserved regions of CYP and CPR gene protein sequences. 
Helix I represents the putative Substrate binding Site and 
HR2 represents the heme binding region. The FMN, FAD 
and NADPH binding regions are indicated below the CPR 
gene. 

0063 FIG. 5 is a diagrammatic representation of the 
plasmid pHKM1 containing the truncated CPRA gene 
present in the pTriplBX vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0064 FIG. 6 is a diagrammatic representation of the 
plasmid pHKM4 containing the truncated CPRA gene 
present in the pTriplBX vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0065 FIG. 7 is a diagrammatic representation of the 
plasmid pHKM9 containing the CPRB gene (SEQ ID NO: 
82) present in the pBK-CMV vector. A detailed restriction 
map of only the Sequenced region is shown at the top. The 
bar indicates the open reading frame. The direction of 
transcription is indicated by an arrow under the open reading 
frame. 

0066 FIG. 8 is a diagrammatic representation of the 
plasmid pHKM11 containing the CYP52A1A gene (SEQ ID 
NO: 85) present in the pBK-CMV vector. A detailed restric 
tion map of only the Sequenced region is shown at the top. 
The bar indicates the open reading frame. The direction of 
transcription is indicated by an arrow under the open reading 
frame. 

0067 FIG. 9 is a diagrammatic representation of the 
plasmid pHKM12 containing the CYP52A8A gene (SEQ ID 
NO:92) present in the pBK-CMV vector. A detailed restric 
tion map of only the Sequenced region is shown at the top. 
The bar indicates the open reading frame. The direction of 
transcription is indicated by an arrow under the open reading 
frame. 

0068 FIG. 10 is a diagrammatic representation of the 
plasmid pHKM13 containing the CYP52D4A gene (SEQ ID 
NO:94) present in the pBK-CMV vector. A detailed restric 
tion map of only the Sequenced region is shown at the top. 
The bar indicates the open reading frame. The direction of 
transcription is indicated by an arrow under the open reading 
frame. 

0069 FIG. 11 is a diagrammatic representation of the 
plasmid pHKM14 containing the CYP52A2B gene (SEQ ID 
NO: 87) present in the pBK-CMV vector. A detailed restric 
tion map of only the Sequenced region is shown at the top. 
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The bar indicates the open reading frame. The direction of 
transcription is indicated by an arrow under the open reading 
frame. 

0070 FIG. 12 is a diagrammatic representation of the 
plasmid pHKM15 containing the CYP52A8B gene (SEQ ID 
NO: 93) present in the pBK-CMV vector. A detailed restric 
tion map of only the Sequenced region is shown at the top. 
The bar indicates the open reading frame. The direction of 
transcription is indicated by an arrow under the open reading 
frame. 

0071 FIGS. 13A-13D show the complete DNA 
Sequences including regulatory and coding regions for the 
CPRA gene (SEQ ID NO:81) and CPRB gene (SEQID NO: 
82) from C. tropicalis ATCC 20336. FIGS. 13 A-13D show 
regulatory and coding region alignment of these Sequences. 
Asterisks indicate conserved nucleotides. The Start codons 
are underlined and the last amino acid coding codons 
immediately before the Stop codon are underlined. 
0.072 FIG. 14 shows the amino acid sequence of the 
CPRA (SEQ ID NO: 83) and CPRB (SEQ ID NO: 84) 
proteins from C. tropicalis ATCC 20336 and alignment of 
these amino acid Sequences. Asterisks indicate residues 
which are not conserved. 

0073 FIGS. 15A-15M show the complete DNA 
Sequences including regulatory and coding regions for the 
following genes from C. tropicalis ATCC 20366: 
CYP52A1A (SEQ ID NO: 85), CYP52A2A (SEQ ID NO: 
86), CYP52A2B (SEQ ID NO: 87), CYP52A3A (SEQ ID 
NO: 88), CYP52A3B (SEQ ID NO: 89), CYP52A5A (SEQ 
ID NO. 90), CYP52A5B (SEQ ID NO: 91), CYP52A8A 
(SEQ ID NO: 92), CYP52A8B (SEQ ID NO: 93), and 
CYP52D4A (SEQ ID NO: 94). FIGS. 15A-15M show 
regulatory and coding region alignment of these Sequences. 
Asterisks indicate conserved nucleotides. The Start codons 
are underlined and the last amino acid coding codons 
immediately before the Stop codon are underlined. 
0.074 FIGS. 16A-16C show the amino acid sequences 
encoding the CYP52A1A (SEQ ID NO: 95), CYP52A2A 
(SEQ ID NO: 96), CYP52A2B (SEQ ID NO: 97), 
CYP52A3A (SEQ ID NO: 98), CYP52A3B (SEQ ID NO: 
99), CYP52A5A (SEQ ID NO: 100), CYP52A5B (SEQ ID 
NO: 101), CYP52A8A (SEQ ID NO: 102), CYP52A8B 
(SEQ ID NO: 103) and CYP52D4A (SEQ ID NO. 104) 
proteins from C. tropicalis ATCC 20336. Asterisks indicate 
identical residues and dots indicate conserved residues. 

0075 FIG. 17 is a diagrammatic representation of the 
pTAg PCR product cloning vector (commercially available 
from R&D Systems, Minneapolis, Minn.). 
0076 FIG. 18 is a plot of the log ratio (U/C) of unknown 
target DNA product to competitor DNA product versus the 
concentration of competitor mRNA. The plot is used to 
calculate the target messenger RNA concentration in a 
quantitative competitive reverse transcription polymerase 
chain reaction (QC-RT-PCR). 
0077 FIG. 19 is a graph showing the relative induction 
of C. tropicalis ATCC 20962 CYP52A5A (SEQ ID NO:90) 
by the addition of the fatty acid substrate Emersol(R 267 to 
the growth medium. 
0078 FIG. 20 is a graph showing the induction of C. 
tropicalis ATCC 20962 CYP52and CPR genes by Emersol(R) 
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267. P450 genes CYP52A3A (SEQID NO: 88), CYP52A3B 
(SEQ ID NO: 89), and CYP52D4A (SEQ ID NO: 94) are 
expressed at levels below the detection level of the QC-RT 
PCR assay. 

007.9 FIG.21 is a scheme to integrate selected genes into 
the genome of Candida tropicalis Strains and recovery of 
URA3A Selectable marker. 

0080 FIG. 22 is a schematic representation of the trans 
formation of C. tropicalis H5343 ura3 with CYP and/or 
CPR genes. Only one URA3 locus needs to be functional. 
There are a total of 6 possible ura3 targets (5ura3A loci-2 
poX4 disruptions, 2 pox 5 disruptions, 1 ura3A locus, and 1 
ura3B locus). 
0081 FIG. 23 is the complete DNA sequence (SEQ ID 
NO: 105) encoding URA3A from C. tropicalis ATCC 20336 
and the amino acid sequence of the encoded protein (SEQ ID 
NO: 106). 
0082 FIG. 24 is a schematic representation of the plas 
mid pURAin, the base vector for integrating Selected genes 
into the genome of C. tropicalis. The detailed construction 
of puRAin is described in the text. 
0083 FIG. 25 is a schematic representation of the plas 
mid pNEB193 cloning vector (commercially available from 
New England Biolabs, Beverly, Mass.). 
0084 FIG. 26 is a diagrammatic representation of the 
plasmid pPA15 containing the truncated CYP52A2A gene 
present in the pTriplex vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0085 FIG.27 is a schematic representation of pURA2in, 
the base vector is constructed in pNEB193 which contains 
the 8 bp recognition Sequences for ASc I, Pac I and Pmc I. 
URA3A (SEQ ID NO: 105) and CYP52A2A (SEQ ID NO: 
86) do not contain these 8 bp recognition sites. URA3A is 
inverted So that the transforming fragment will attempt to 
recircularize prior to integration. An ASC I/Pme I fragment 
was used to transform H5343 ura. 

0086 FIG. 28 shows a scheme to detect integration of 
CYP52A2A gene (SEQ ID NO: 86) into the genome of 
H5343 ura. In all cases, hybridization band intensity could 
reflect the number of integrations. 
0087 FIG. 29 is a diagrammatic representation of the 
plasmid pPA57 containing the truncated CYP52A3A gene 
present in the pTriplBX vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0088 FIG. 30 is a diagrammatic representation of the 
plasmid pPA62 containing the truncated CYP52A3B gene 
present in the pTriplBX vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0089 FIG. 31 is a diagrammatic representation of the 
plasmid pPAL3 containing the truncated CYP52A5A gene 
present in the pTriplBX vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
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indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0090 FIG. 32 is a diagrammatic representation of the 
plasmid pPA5 containing the truncated CYP52A5A gene 
present in the pTriplex vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0.091 FIG. 33 is a diagrammatic representation of the 
plasmid pPA18 containing the truncated CYP52D4A gene 
present in the pTriplex vector. A detailed restriction map of 
only the Sequenced region is shown at the top. The bar 
indicates the open reading frame. The direction of transcrip 
tion is indicated by an arrow under the open reading frame. 
0092 FIG. 34 is a graph showing the expression of 
CYP52A1 (SEQ ID NO: 85), CYP52A2(SEQ ID NO: 86) 
and CYP52A5 genes (SEQ ID NOS: 90 and 91) from C. 
tropicalis 20962 in a fermentor run upon the addition of 
amounts of the Substrate oleic acid or tridecane in a spiking 
experiment. 

0093 FIG. 35 depicts a scheme used for the extraction 
and analysis of diacids and monoacids from fermentation 
broths. 

0094 FIG. 36 is a graph showing the induction of 
expression of CYP52A1A, CYP52A2A and CYP52A5A in 
a fermentor run upon addition of the Substrate octadecane. 
No induction of CYP52A3A or CYP52A3B was observed 
under these conditions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.095 Diacid productivity is improved according to the 
present invention by Selectively increasing enzymes which 
are known to be important to the oxidation of organic 
Substrates Such as fatty acids composing the desired feed. 
According to the present invention, ten CYP genes and two 
CPR genes of C. tropicalis have been identified and char 
acterized that relate to participation in the co-hydroxylase 
complex catalyzing the first Step in the co-oxidation pathway. 
In addition, a novel quantitative competitive reverse tran 
scription polymerase chain reaction (QC-RT-PCR) assay is 
used to measure gene expression in the fermentor under 
conditions of induction by one or more organic Substrates as 
defined herein. Based upon QC-RT-PCR results, three CYP 
genes, CYP52A1, CYP52A2and CYP52A5, have been iden 
tified as being of greater importance for the co-oxidation of 
long chain fatty acids. Amplification of the CPR gene copy 
number improves productivity. The QC-RT-PCR assay indi 
cates that both CYP and CPR genes appear to be under tight 
regulatory control. 
0096. In accordance with the present invention, a method 
for discriminating members of a gene family by quantifying 
the amount of target mRNA in a sample is provided which 
includes a) providing an organism containing a target gene; 
b) culturing the organism with an organic Substrate which 
causes upregulation in the activity of the target gene; c) 
obtaining a Sample of total RNA from the organism at a first 
point in time; d) combining at least a portion of the sample 
of the total RNA with a known amount of competitor RNA 
to form an RNA mixture, wherein the competitor RNA is 
substantially similar to the target mRNA but has a lesser 
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number of nucleotides compared to the target mRNA; e) 
adding reverse transcriptase to the RNA mixture in a quan 
tity Sufficient to form corresponding target DNA and com 
petitor DNA, (f) conducting a polymerase chain reaction in 
the presence of at least one primer Specific for at least one 
Substantially non-homologous region of the target DNA 
within the gene family, the primer also specific for the 
competitor DNA, g) repeating Steps (c-f) using increasing 
amounts of the competitor RNA while maintaining a Sub 
Stantially constant amount of target RNA; h) determining the 
point at which the amount of target DNA is substantially 
equal to the amount of competitor DNA; i) quantifying the 
results by comparing the ratio of the concentration of 
unknown target to the known concentration of competitor; 
andj) obtaining a Sample of total RNA from the organism at 
another point in time and repeating steps (d-i). 
0097. In addition, modification of existing promoters 
and/or the isolation of alternative promoters provides 
increased expression of CYP and CPR genes. Strong pro 
moters are obtained from at least four Sources: random or 
specific modifications of the CYP52A2 promoter, CYP52A5 
promoter, CYP52A1 promoter, the selection of a strong 
promoter from available Candida B-oxidation genes Such as 
POX4 and POX5, or screening to select another suitable 
Candida promoter. 

0098 Promoter strength can be directly measured using 
QT-RT-PCR to measure CYP and CPR gene expression in 
Candida cells isolated from fermentors. Enzymatic assays 
and antibodies specific for CYP and CPR proteins are used 
to Verify that increased promoter Strength is reflected by 
increased Synthesis of the corresponding enzymes. Once a 
suitable promoter is identified, it is fused to the selected CYP 
and CPR genes and introduced into Candida for construction 
of a new improved production Strain. It is contemplated that 
the coding region of the CYP and CPR genes can be fused 
to Suitable promoters or other regulatory Sequences which 
are well known to those skilled in the art. 

0099. In accordance with the present invention, studies 
on C. tropicalis ATCC 20336 have identified six unique 
CYP genes and four potential alleles. QC-RT-PCR analyses 
of cells isolated during the course of the fermentation 
bioconversions indicate that at least three of the CYP genes 
are induced by fatty acids and at least two of the CYP genes 
are induced by alkanes. See FIG. 34. Two of the CYP genes 
are highly induced indicating participation in the co-hy 
droxylase complex which catalyzes the rate limiting Step in 
the oxidation of fatty acids to the corresponding diacids. 

0100. The biochemical characterizations of each P450 
enzyme herein is used to tailor the C. tropicalis host for 
optimal diacid productivity and is used to select P450 
enzymes to be amplified based upon the fatty acid content of 
the feedstream. CYP gene(s) encoding P450 enzymes that 
have a low Specific activity for the fatty acid or alkane 
Substrate of choice are targeted for inactivation, thereby 
reducing the physiological load on the cell. 

0101 Since it has been demonstrated that CPR can be 
limiting in yeast Systems, the removal of non-essential 
P450s from the system can free electrons that are being used 
by non-essential P450s and make them available to the 
P450s important for diacid productivity. Moreover, the 
removal of non-essential P450s can make available other 
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necessary but potentially limiting components of the P450 
System (i.e., available membrane space, heme and/or 
NADPH). 
0102 Diacid productivity is thus improved by selective 
integration, amplification, and over expression of CYP and 
CPR genes in the C. tropicalis production host. 

0103). It should be understood that host cells into which 
one or more copies of desired CYP and/or CPR genes have 
been introduced can be made to include Such genes by any 
technique known to those skilled in the art. For example, 
Suitable host cells include procaryotes Such as Bacillus sp., 
Pseudomous sp., Actinomycetes sp., ESchericia sp., Myco 
bacterium sp., and eukaryotes Such as yeast, algae, insect 
cells, plant cells and filamentous fungi. Suitable host cells 
are preferably yeast cells Such as Yarrowia, Bebaromyces, 
Saccharomyces, Schizosaccharomyces, and Pichia and more 
preferably those of the Candida genus. Preferred species of 
Candida are tropicalis, maltosa, apicola, paratropicalis, 
albicans, cloacae, guillermondii, intermedia, lipolytica, 
parapsilosis and zeylenoides. Certain preferred Stains of 
Candida tropicalis are listed in U.S. Pat. No. 5,254,466, 
incorporated herein by reference. 
0104 Vectors Such as plasmids, phagemids, phages or 
cosmids can be used to transform or transfect Suitable host 
cells. Host cells may also be transformed by introducing into 
a cell a linear DNA vector(s) containing the desired gene 
Sequence. Such linear DNA may be advantageous when it is 
desirable to avoid introduction of non-native (foreign) DNA 
into the cell. For example, DNA consisting of a desired 
target gene(s) flanked by DNA sequences which are native 
to the cell can be introduced into the cell by electroporation, 
lithium acetate transformation, Spheroplasting and the like. 
Flanking DNA sequences can include Selectable markers 
and/or other tools for genetic engineering. 

0105. It should be understood that, depending on whether 
a transformed organism utilizes the universal genetic code or 
the non-universal genetic code known, e.g., in connection 
with C. tropicalis, Slight differences can be manifest in the 
amino acid Sequences of protein-products. Thus, nucleotide 
Sequences containing a CTG codon produce proteins con 
taining a CTG encoded leucine in prokaryotes Such as E. coli 
and a CTG encoded Serine in non-universal coding eukary 
otes such as C. tropicalis. For example, the CYP52A1A 
gene contains one CTG codon Starting at position 1354 
which is translated as a leucine in E. coli and a Serine in C. 
tropicalis, leading to two versions of the CYP52A1A protein 
(SEQ. ID. NO: 95 and SEQ. ID. NO: 110); the CYP52A3B 
gene contains one CTG codon Starting at position 2449 
which is translated as a leucine in E. coli and a Serine in C. 
tropicalis, leading to two versions of the CYP52A3B protein 
(SEQ. ID. NO: 99 and SEQ. ID NO: 111); the CYP52A5A 
gene contains two CTG codons Starting, respectively, at 
positions 1883 and 2570, which are translated as leucine in 
E. coli and Serine in C. tropicalis, leading to two versions of 
the CYP52A5A protein (SEQ. ID. NO: 100 and SEQ. ID. 
NO: 112); the CYP52A5B gene contains two CTG codons 
Starting, respectively, at positions 1922 and 2609, which are 
translated as leucine in E. coli and Serine in C. tropicalis, 
leading to two versions of the CYP52A5B protein (SEQ. ID. 
NO: 101 and SEQ. ID. NO: 113); the CYP52A8 gene 
contains one CTG codon starting at position 659, which is 
translated as a leucine in E. coli and a Serine in C. tropicalis, 
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leading to two versions of the CYP52A8B protein (SEQ. ID. 
NO: 103 and SEQ. ID. NO: 115); the CYP52D4A gene 
contains three CTG codons Starting, respectively, at posi 
tions 1247, 1412 and 1757, which are translated as leucine 
in E. coli and as Serine in C. tropicalis, leading to two 
versions of the CYP5234A protein (SEQ. ID. NO: 104 and 
SEQ. ID. NO: 116); the CPRA (NCP1A) gene contains one 
CTG codon starting at position 1153 which is translated as 
a leucine in E. coli and as a Serine in C. tropicalis, leading 
to two versions of the CPRA (NCP1A) protein (SEQ. ID. 
NO: 83 and SEQ. ID. NO: 117); the CPRG (NCP1B) gene 
contains one CTG codon starting at position 1180 which is 
translated as a leucine in E. coli and as a Serine in C. 
tropicalis, leading to two versions of the CPRB (NCP1B) 
protein (SEQ. ID. NO: 84 and SEQ. ID. NO: 118). 
0106 A suitable organic substrate herein can be any 
organic compound that is biooxidizable to a mono- or 
polycarboxylic acid. Such a compound can be any Saturated 
or unsaturated aliphatic compound or any carbocyclic or 
heterocyclic aromatic compound having at least one termi 
nal methyl group, a terminal carboxyl group and/or a ter 
minal functional group which is oxidizable to a carboxyl 
group by biooxidation. A terminal functional group which is 
a derivative of a carboxyl group may be present in the 
Substrate molecule and may be converted to a carboxyl 
group by a reaction other than biooxidation. For example, if 
the terminal group is an ester that neither the wild-type C. 
tropicalis nor the genetic modifications described herein will 
allow hydrolysis of the ester functionality to a carboxyl 
group, then a lipase can be added during the fermentation 
Step to liberate free fatty acids. Suitable organic Substrates 
include, but are not limited to, Saturated fatty acids, unsat 
urated fatty acids, alkanes, alkenes, alkynes and combina 
tions thereof. 

0107 Alkanes are a type of Saturated organic substrate 
which are useful herein. The alkanes can be linear or cyclic, 
branched or Straight chain, Substituted or unsubstituted. 
Particularly preferred alkanes are those having from about 4 
to about 25 carbon atoms, examples of which include but are 
not limited to butane, hexane, octane, nonane, dodecane, 
tridecane, tetradecane, octadecane and the like. 

0.108 Examples of unsaturated organic substrates which 
can be used herein include but are not limited to internal 
olefins Such as 2-pentene, 2-hexene, 3-hexene, 9-octadecene 
and the like; unsaturated carboxylic acids Such as 2-hex 
enoic acid and esters thereof, oleic acid and esters thereof 
including triglyceryl esters having a relatively high oleic 
acid content, erucic acid and esters thereof including trig 
lyceryl esters having a relatively high erucic acid content, 
ricinoleic acid and esters thereof including triglyceryl esters 
having a relatively high ricinoleic acid content, linoleic acid 
and esters thereof including triglyceryl esters having a 
relatively high linoleic acid content, unsaturated alcohols 
Such as 3-hexen-1-ol, 9-octadecen-1-ol and the like, unsat 
urated aldehydes Such as 3-hexen-1-al, 9-octadecen-1-aland 
the like. In addition to the above, an organic Substrate which 
can be used herein include alicyclic compounds having at 
least one internal carbon-carbon double bond and at least 
one terminal methyl group, a terminal carboxyl group and/or 
a terminal functional group which is oxidizable to a carboxyl 
group by biooxidation. Examples of Such compounds 






























































































































































































