
l|||||||||||||ll||l||||||||l|||||||||||||||||||||||||||||||||||||||||l|||||||||||||||||||| 
US 20030077747A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2003/0077747 A1 

Hillman et al. (43) Pub. Date: Apr. 24, 2003 

(54) DELTA -6 DESATURASE HOMOLOGS Related US, Application Data 

(75) Inventors: Jennifer L. Hillman, Santa Cruz, CA (62) Division of application No. 09/048,888, ?led on Mar. 
(US); Karl J. Guegler, Menlo Park, 26, 1998, noW Pat. No. 6,492,108. 
CA (US); Neil C. Corley, Castro 
Valley, CA (US); Purvi Shah, San Jose, Publication Classi?cation 
CA (US) 

(51) Int. Cl.7 .......................... .. C12N 9/04; C07H 21/04; 
C12P 21/02; C12N 1/21; C12N 5/06; 

Correspondence Address: AOlK 67/00 
INCYTE GENOMICS, INC, (52) US. Cl. ................... .. 435/69.1; 435/190; 435/252.3; 
3160 PORTER DRIVE 435/320.1; 435/325; 536/23.2; 
PALO ALTO, CA 94304 (US) 800/8 

(57) ABSTRACT 
(73) Assignee: Incyte Genomics, Inc., Palo Alto, CA 

The invention provides a human delta-6 desaturase hornolog 
(D6DH) and polynucleotides Which identify and encode 

(21) Appl, N()_j 10/262,617 D6DH. The invention also provides expression vectors, host 
cells, antibodies, agonists, and antagonists. The invention 
also provides methods for treating or preventing disorders 

(22) Filed: Sep. 30, 2002 associated With expression of D6DH. 



Patent Application Publication Apr. 24, 2003 Sheet 1 0f 13 US 2003/0077747 A1 

I A 4 m .m a m 040 090 000 400 0.H._H 040 040 mmw mmw wHw m m m m 4 A m 000 440 440 000 E00 0E0 040 mwm mom 00m .m 2 A G O m 0 B98 B44 0_H.0 H40 440 940 0B9 wNm mHm mom 4 m 0 H A m m 040 040 000 0B4 0E0 000 004 ohm Hww mmm O H, > m m m H 040 04H. 0E0 000 000 040 094 wHm Pow mmH 
m H O m B 000 0E4 040 040 00H. 00H. 

NmH mmH 

m m m 0 m m 0 

4H mmDOHm 
> 

A 

O 

4 Z 

0B0 0E0 040 000 E44 

0 

H 

4 

. m 

000 H00 0 

0 

000 000 
A 

0B0 080 .A. 

m 

004 000 
0 

mow A 0.5. Hmm 09H. how 400 mwm 00H. @@H A 090 mmA 0 

A m. 080 000 4 a 000 B40 4 m 040 000 M Q 044 040 m 4 000 400 E 

040 000 000 400 000 040 000 090 000 000 0H4 

moH mm om 

. .8 

A 090 wmm O 040 wwm B 004 mmm O 040 vmw 000 omH 000 @NH 

m 0 O 000 400 E40 
vmm 

A , .m M 450 05H. 04 
mmm 

4 O m 000 040 040 
m?m 

4 3 m 400 00B 000 
mmm 

m 0 O 000 040 040 
HwH 

m 0 4 000 040 000 
hHH 

O m 040 004 , m > 000 090 4 0 B00 000 m H 004 094 m 4 040 000 m 0 000 400 



Patent Application Publication Apr. 24, 2003 Sheet 2 0f 13 US 2003/0077747 A1 

m U A A 0A6 00w DBO UB0 0.; How 2 m M 4 mmh :1. U m A O 

UGO 644 £50 04D www UB4 UHU 

mow mmm m .m H m 044 DEB 08¢ 00B www mmw m H d A HUB UB4 UUU UBO vmm mwm A w. H A UBU 04B UB4 BBO owm Amm .w 4 m m UBH BOO BBB UHF 

, m: mmDUHm 

> O m 0 VA 3 m H 

m > m A > a 

u? 95 80 wow 96 8A 96 36 6U 96 52 26 DE. 02 N2. 2; A? mg m m o A m m m z z B m A m m 

9% Q8 Q2 Q8 96 9B 96 9E. 36 08 9.5 9% mg mg 26 8m 03. 95 

w? m? , 0g A? w z > m . A o A > m z z z m VA 

95 Q2 Q6 08 3w 9% 92 m2. 8B 08. 92 

3Q mg mww SA A m w A a m o A o a m o A 0 8o .56 uww PS 36 Eu 96 80 5B mg 08 96 so 96 0Q AS 26 MS A m A A A A w m > z w m w A Q: P? wow 80 9S 8w 3A 80 P6 owe 0mm 5o .50 9.6 m5 Sm mmm 2B A z A A > A z A A A m w A A 95 Q2 08 v5 95 98 2A 8w Q5 92 96 wow 96 Eb NNm 2m 25 m? ,A m m A a A A VA 2 Q A A A 0 8A 08 SA 80 E6 E2. 96 92 92 96 m5 8m <8 96 EA m3 Q3 03 A3 











Patent Application Publication Apr. 24, 2003 Sheet 7 0f 13 US 2003/0077747 A1 

M 

m 

z 

0 

.H. 

.a 

UN mmDUHm 
O 

044 U<U UBO B44 0GB 49w U00 U40 

wwAA 
m 

, Q 

mPAA H 

I 

2 

m 

H 

04D B40 Maw BB4 04D UB4 U00 99¢ 

vmAA. 2 

m 

m 

mNAA A 

m 

@AAA > 

044 00m <40 UBO UHF mum 0H6 49¢ 

2:: A 

A 

m 

ApoA 

.H. 

NwoA A 

UHF 4RD 400 09G Hana. BUR UBO UBH. 

mNoA A 

0 

PAQA B 

m 

M 

mooA m 

0 

9BR 040 UBO .UUB 04¢ 0g @00 9N0 

Nbm M 

A 

m 

mmm A 

A 

4 

wmm m 

m 

04H UBU BUD UBO UB9 UUU ANUU 000 

mA@ 2 

D44 04% UUU UB4 B4B <44 <44 U44 

wwm 
% 

mom 2 mmm 
a. 

m 

Qom VA oww 
M 

A UB0 2 H40 . m 95. UHF www Odo 

O H. U40 U04 AmAA 
Z 2 Di UB4 woAA 

m A UB9 BBQ mmoA 
m > 000 09w mam 

> m EHO BBB mvm 
H A BB4 4B0 Amm 

M w 444 UUU Pmw 

m 

> UUH. BBQ 69A. 
0 

NmAA .A. 

> 

w 

wmoA A 

m 

Uww UBO UHF 
M U48 UB8 BHU 

35A m 0.5. 0mm UB8 wmm UHF N@@ 040 mmm 
.H. UUd BEAN. 04H. 0H0 

_ O z z 36 P2 92 mwAA s > m wwa 95 PS. mwoA m x Q 8w $2 96 92: H z 3 r54 92 mg 23 w s O 35 wok 9B hwm m m o g 96 98 m; m A H SH 8b 92 @A@ 

m 000 Gm; 0mm 000 09B U40 





US 2003/0077747 A1 

mmDwHm 

mp mm 2.. 0m mm mw Fm 

Patent Application Publication Apr. 24, 2003 Sheet 9 0f 13 

QQQQQQQ Q Q QQQQQQN Q Q QQQQQQN Q Q QQQQQQQ Q Q 

QNQQQQQ Q Q Q Q Q Q Q Q Q @ Q Q QQQNQQQ Q Q Q Q Q Q Q Q Q Q Q Q QQQQQQQ. Q Q Q Q > Q @ Q Q Q Q Q QQQQQQQ Q Q Q Q Q Q Q Q Q Q Q Q 
QNQQQQQ Q Q Q Q Q Q Q g Q Q QQQQQQQ Q Q Q Q Q Q Q Q Q Q Q QQQQQQN Q Q Q Q Q Q Q Q Q Q Q QQQQQQQ Q Q Q Q Q Q Q Q Q Q Q 

QQQQQQQ Q Q Q _Q _ Q_Q _ Q Q_Q_Q Q Q Q Q Q Q Q Q Q Q 
QQQQQQQ Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q 

QQQQQQQ Q Q Q Q Q Q Q Q Q Q Q > Q Q@ Q E Q Q_Q 
QQQQQQQ Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q I Q Q 

QQQQQQQ Q Q Q Q Q Q > Q Q 

QQQNQQN Q Q @ I I. I I I I I 

QQQQQQN Q _Q (Q Q Q Q Q Q Q Q QQQQQQN Q Q Q Q Q Q Q Q Q Q 











US 2003/0077747 A1 

DELTA -6 DESATURASE HOMOLOGS 

[0001] This application is a divisional application of US. 
application Ser. No. 09/048,888, ?led Mar. 26, 1998, entitled 
DELTA-6 DESATURASE HOMOLOGS, Which is hereby 
expressly incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to nucleic acid and amino 
acid sequences of tWo delta-6 desaturase homologs and to 
the use of these sequences in the diagnosis, treatment, and 
prevention of cardiovascular diseases, disorders of aging, 
disorders of fatty acid metabolism, and cancer. 

BACKGROUND OF THE INVENTION 

[0003] Fatty acid desaturases catalyZe the elongation and 
desaturation of the physiologically important hydrocarbon 
chain molecules knoWn as fatty acids. Fatty acids are 
lipophilic modi?ers of proteins, fuel molecules, insulating 
materials, and precursors to hormones including the pros 
taglandins, Which are active in pyrogenesis, vasodilation, 
vasoconstriction, and pain reception. Phospholipids and 
glycolipids that compose cell membranes are made from 
fatty acids. Mammals derive unsaturated fatty acids from the 
unsaturated 16-carbon palmitate or diet-derived linoleate 
and linolenate, Which are desaturated at tWo and three 
points, respectively. In eukaryotes, a variety of unsaturated 
fatty acids can be formed from oleate by a combination of 
elongation and desaturation reactions occurring on the cys 
tolic face of the endoplasmic reticulum membrane. Desatu 
ration reactions require NADH and O2 and are carried out by 
a complex consisting of a ?avoprotein, a cytochrome, and a 
nonheme iron protein. The three components of the desatu 
rase complex co-extract under pressure. It has been noted 
that each of the components of the delta-6 desaturase 
complex physically face a similar lipid environment in the 
nicrosomal membrane. (Leikin et al. (1994) Biochim. Bio 
phys. Acta 1211:150-155.) 
[0004] It is suggested that interaction betWeen histidine 
rich motifs in oleate desaturase could contribute to an iron 
binding site in the cytoplasmic domain of the protein that 
Would facilitate interaction betWeen the desaturase and 
cytochrome b5, the source of electrons for the desaturation 
reaction. (Okuley et al. (1994) Plant Cell 6:147-158.) Zinc 
also appears to play a role in delta-6 desaturation. (Eder, K. 
et al. (1996) Biol. Trace Elem. Res. 54:173-183.) Avariety 
of delta-6 desaturase inhibitors are knoWn, e.g., anti-oxi 
dants and calcium channel blockers, and delta-6 desaturase 
activity in the body is regulated by several hormones. 
Inhibitors include, e.g., glucagon, epinephrine, ACTH, and 
glucocorticoids, While insulin and thyroxin are necessary to 
delta-6 desaturase activity, and groWth hormone appears to 
enhance delta-6 desaturase activity. (Nakamura, M. T. et al. 
(1996) Lipids 31:139-143.) Expression of desaturase genes 
may also be in?uenced by diet. (Kaestner et al. (1989) J. 
Biol. Chem. 264:14755-14761.) 

[0005] Several desaturases have been identi?ed, including 
more than one delta-6 desaturase. (MarZo, I. et al. (1996) 
Biochim. Biophys. Acta 1301:263-272.) The presence of 
three histidine boxes and the HX(2-3)(XH)H amino acid 
motif are used to characteriZe membrane-bound fatty acid 
desaturases. (Schmidt et al. (1994) Plant Mol. Biol. 26:631 
642; Mitchell et al. (1997) J. Biol. Chem. 272:28281 
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28288.) A cytochrome b5 domain may also be used to 
characteriZe desaturases. A cDNA encoding the delta-6 
desaturase from Borago o?icinalis that contained an N 
terminal domain related to cytochrome b5 has been isolated. 
(Sayanova, O. et al. (1997) Proc. Natl. Acad. Sci. USA 
94:4211-4216.) 
[0006] Delta-6 desaturase is involved in a variety of 
diseases and disorders associated With fatty acid metabo 
lism. A decrease in delta-6 desaturase activity is present in 
rats subjected to long-term exposure to ethanol. Diabetes 
mellitus involves many of the hormones that regulate delta-6 
desaturase activity, such as insulin and glucagon. Obesity 
has been related to changes in delta-6 desaturase activity, 
and reduced delta-6 desaturase activity has also been impli 
cated in coronary diseases. Delta-6 desaturation appears to 
decline With age, especially in Women. Cancer cells shoW 
decreased delta-6 desaturase activity. Administration of 
delta-6 desaturation product, gamma linolenic acid, has been 
shoWn to ameliorate disorders of metabolism such as coro 

nary disease, diabetes, osteoporosis, and ulcerative colitis, as 
Well as disorders of cell proliferation such as tumorigenesis. 

[0007] The discovery of a neW delta-6 desaturase and the 
polynucleotides encoding it satis?es a need in the art by 
providing neW compositions Which are useful in the diag 
nosis, treatment, and prevention of cardiovascular diseases, 
disorders of aging, disorders of fatty acid metabolism, and 
cancer. 

SUMMARY OF THE INVENTION 

[0008] The invention features substantially puri?ed 
polypeptides, delta-6 desaturase homologs, referred to col 
lectively as “D6DH” and individually as “D6DH-1.” and 
“D6DH-2.” In one aspect, the invention provides a substan 
tially puri?ed polypeptide comprising an amino acid 
sequence selected from the group consisting of SEQ ID 
NO:1, SEQ ID NO:3, a fragment of SEQ ID NO:1, and a 
fragment of SEQ ID NO:3. 

[0009] The invention further provides a substantially puri 
?ed variant having at least 90% amino acid identity to the 
amino acid sequences of SEQ ID NO:1 or SEQ ID NO:3, or 
to a fragment of either of these sequences. The invention 
also provides an isolated and puri?ed polynucleotide encod 
ing the polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO: 1, SEQ ID 
NO:3, a fragment of SEQ ID NO:1, and a fragment of SEQ 
ID NO:3. The invention also includes an isolated and 
puri?ed polynucleotide variant having at least 90% poly 
nucleotide seqeunce identity to the polynucleotide encoding 
the polypeptide comprising an amino acid sequence selected 
from the group consisting of SEQ ID NO:1, SEQ ID NO:3, 
a fragment of SEQ ID NO:1, and a fragment of SEQ ID 
NO:3. 

[0010] Additionally, the invention provides an isolated 
and puri?ed polynucleotide Which hybridiZes under strin 
gent conditions to the polynucleotide encoding the polypep 
tide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NO:1, SEQ ID NO:3, a frag 
ment of SEQ ID NO:1, and a fragment of SEQ ID NO:3, as 
Well as an isolated and puri?ed polynucleotide having a 
sequence Which is complementary to the polynucleotide 
encoding the polypeptide comprising the amino acid 
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sequence selected from the group consisting of SEQ ID 
N011, SEQ ID N013, a fragment of SEQ ID N011, and a 
fragment of SEQ ID N013. 

[0011] The invention also provides an isolated and puri?ed 
polynucleotide comprising a polynucleotide sequence 
selected from the group consisting of SEQ ID N012, SEQ ID 
N014, a fragment of SEQ ID N012, and a fragment of SEQ 
ID N014. The invention further provides an isolated and 
puri?ed polynucleotide variant having at least 90% poly 
nucleotide sequence identity to the polynucleotide sequence 
comprising a polynucleotide sequence selected from the 
group consisting of SEQ ID N012, SEQ ID N014, a frag 
ment of SEQ ID N012, and a fragment of SEQ ID N014, as 
Well as an isolated and puri?ed polynucleotide having a 
sequence Which is complementary to the polynucleotide 
comprising a polynucleotide sequence selected from the 
group consisting of SEQ ID N012, SEQ ID N014, a frag 
ment of SEQ ID N012, and a fragment of SEQ ID N014. 

[0012] The invention further provides an expression vec 
tor containing at least a fragment of the polynucleotide 
encoding the polypeptide comprising an amino acid 
sequence selected from the group consisting of SEQ ID 
N011, SEQ ID N013, a fragment of SEQ ID N011, and a 
fragment of SEQ ID N013. In another aspect, the expression 
vector is contained Within a host cell. 

[0013] The invention also provides a method for produc 
ing a polypeptide comprising the amino acid sequence 
selected from the group consisting of SEQ ID N011, SEQ ID 
N013, a fragment of SEQ ID N011, and a fragment of SEQ 
ID N013, the method comprising the steps of: (a) culturing 
the host cell containing an expression vector containing at 
least a fragment of a polynucleotide encoding the polypep 
tide under conditions suitable for the expression of the 
polypeptide; and (b) recovering the polypeptide from the 
host cell culture. 

[0014] The invention also provides a pharmaceutical com 
position comprising a substantially puri?ed polypeptide 
having the amino acid sequence selected from the group 
consisting of SEQ ID N011, SEQ ID N013, a fragment of 
SEQ ID N011, and a fragment of SEQ ID N013 in conjunc 
tion With a suitable pharmaceutical carrier. 

[0015] The invention further includes a puri?ed antibody 
Which binds to a polypeptide comprising the amino acid 
sequence selected from the group consisting of SEQ ID 
N011, SEQ ID N013, a fragment of SEQ ID N011, and a 
fragment of SEQ ID N013, as Well as a puri?ed agonist and 
a puri?ed antagonist to the polypeptide. 

[0016] The invention also provides a method for treating 
or preventing a disorder of aging, the method comprising 
administering to a subject in need of such treatment an 
effective amount of a pharmaceutical composition compris 
ing a substantially puri?ed polypeptide having an amino 
acid sequence selected from the group consisting of SEQ ID 
N011, SEQ ID N013, a fragment of SEQ ID N011, and a 
fragment of SEQ ID N013. 

[0017] The invention also provides a method for treating 
or preventing a cardiovascular disease, the method compris 
ing administering to a subject in need of such treatment an 
effective amount of a pharmaceutical composition compris 
ing a substantially puri?ed polypeptide having an amino 
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acid sequence selected from the group consisting of SEQ ID 
N011, SEQ ID N013, a fragment of SEQ ID N011, and a 
fragment of SEQ ID N013. 

[0018] The invention also provides a method for treating 
or preventing a disorder of fatty acid metabolism, the 
method comprising administering to a subject in need of 
such treatment an effective amount of a pharmaceutical 
composition comprising a substantially puri?ed polypeptide 
having an amino acid sequence selected from the group 
consisting of SEQ ID N011, SEQ ID N013, a fragment of 
SEQ ID N011, and a fragment of SEQ ID N013. 

[0019] The invention also provides a method for treating 
or preventing a cancer, the method comprising administering 
to a subject in need of such treatment an effective amount of 
a pharmaceutical composition comprising a substantially 
puri?ed polypeptide having an amino acid sequence selected 
from the group consisting of SEQ ID N011, SEQ ID N013, 
a fragment of SEQ ID N011, and a fragment of SEQ ID 
N013. 

[0020] The invention also provides a method for detecting 
a polynucleotide encoding the polypeptide comprising the 
amino acid sequence selected from the group consisting of 
SEQ ID N011, SEQ ID N013, a fragment of SEQ ID N011, 
and a fragment of SEQ ID N013 in a biological sample 
containing nucleic acids, the method comprising the steps 
of: (a) hybridiZing the complement of the polynucleotide 
sequence encoding the polypeptide comprising the amino 
acid sequence selected from the group consisting of SEQ ID 
N011, SEQ ID N013, a fragment of SEQ ID N011, and a 
fragment of SEQ ID N013 to at least one of the nucleic acids 
of the biological sample, thereby forming a hybridiZation 
complex; and (b) detecting the hybridiZation complex, 
Wherein the presence of the hybridiZation complex corre 
lates With the presence of a polynucleotide encoding the 
polypeptide in the biological sample. In one aspect, the 
nucleic acids of the biological sample are ampli?ed by the 
polymerase chain reaction prior to the hybridiZing step. 

BRIEF DESCRIPTION OF THE FIGURES 

[0021] FIGS. 1A, 1B, 1C and 1D shoW the amino acid 
sequence (SEQ ID N011) and nucleic acid sequence (SEQ 
ID N012) of D6DH-1. The alignment Was produced using 
MACDNASIS PRO softWare (Hitachi SoftWare Engineer 
ing Co. Ltd., San Bruno, Calif. 

[0022] FIGS. 2A, 2B, 2C, and 2D shoW the amino acid 
sequence (SEQ ID N013) and nucleic acid sequence (SEQ 
ID N014) of D6DH-2. The alignment Was produced using 
MACDNASIS PRO softWare. 

[0023] FIGS. 3A, 3B, 3C, 3D, and 3E shoW the amino 
acid sequence alignments among D6DH-1 (2451043; SEQ 
ID N011), D6DH-2 (2056310; SEQ ID N013), delta-6 
desaturase from Borago o?icinalis (GI 2062403; SEQ ID 
N015); and cytochrome b5 from Helicanthus annus (GI 
1040729; SEQ ID N016), produced using the multisequence 
alignment program of LASERGENE softWare (DNASTAR 
Inc, Madison Wis.). 

DESCRIPTION OF THE INVENTION 

[0024] Before the present proteins, nucleotide sequences, 
and methods are described, it is understood that this inven 
tion is not limited to the particular methodology, protocols, 
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cell lines, vectors, and reagents described, as these may vary. 
It is also to be understood that the terminology used herein 
is for the purpose of describing particular embodiments only, 
and is not intended to limit the scope of the present invention 
Which Will be limited only by the appended claims. 

[0025] It must be noted that as used herein and in the 
appended claims, the singular forms “a,”“an,” and “the” 
include plural reference unless the context clearly dictates 
otherWise. Thus, for eXample, a reference to “a host cell” 
includes a plurality of such host cells, and a reference to “an 
antibody” is a reference to one or more antibodies and 
equivalents thereof knoWn to those skilled in the art, and so 
forth. 

[0026] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meanings as com 
monly understood by one of ordinary skill in the art to Which 
this invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods, devices, and materials are noW 
described. All publications mentioned herein are cited for 
the purpose of describing and disclosing the cell lines, 
vectors, and methodologies Which are reported in the pub 
lications and Which might be used in connection With the 
invention. Nothing herein is to be construed as an admission 
that the invention is not entitled to antedate such disclosure 
by virtue of prior invention. 

[0027] De?nitions 

[0028] “D6DH,” as used herein, refers to the amino acid 
sequences of substantially puri?ed D6DH obtained from any 
species, particularly a mammalian species, including bovine, 
ovine, porcine, murine, equine, and preferably the human 
species, from any source, Whether natural, synthetic, semi 
synthetic, or recombinant. 

[0029] The term “agonist,” as used herein, refers to a 
molecule Which, When bound to D6DH, increases or pro 
longs the duration of the effect of D6DH. Agonists may 
include proteins, nucleic acids, carbohydrates, or any other 
molecules Which bind to and modulate the effect of D6DH. 

[0030] An “allele” or an “allelic sequence,” as these terms 
are used herein, is an alternative form of the gene encoding 
D6DH. Alleles may result from at least one mutation in the 
nucleic acid sequence and may result in altered mRNAs or 
in polypeptides Whose structure or function may or may not 
be altered. Any given natural or recombinant gene may have 
none, one, or many allelic forms. Common mutational 
changes Which give rise to alleles are generally ascribed to 
natural deletions, additions, or substitutions of nucleotides. 
Each of these types of changes may occur alone, or in 
combination With the others, one or more times in a given 
sequence. 

[0031] “Altered” nucleic acid sequences encoding D6DH, 
as described herein, include those sequences With deletions, 
insertions, or substitutions of different nucleotides, resulting 
in a polynucleotide the same D6DH or a polypeptide With at 
least one functional characteristic of D6DH. Included Within 
this de?nition are polymorphisms Which may or may not be 
readily detectable using a particular oligonucleotide probe of 
the polynucleotide encoding D6DH, and improper or uneX 
pected hybridiZation to alleles, With a locus other than the 
normal chromosomal locus for the polynucleotide sequence 
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encoding D6DH. The encoded protein may also be 
“altered,” and may contain deletions, insertions, or substi 
tutions of amino acid residues Which produce a silent change 
and result in a functionally equivalent D6DH. Deliberate 
amino acid substitutions may be made on the basis of 
similarity in polarity, charge, solubility, hydrophobicity, 
hydrophilicity, and/or the amphipathic nature of the resi 
dues, as long as the biological or immunological activity of 
D6DH is retained. For eXample, negatively charged amino 
acids may include aspartic acid and glutamic acid, positively 
charged amino acids may include lysine and arginine, and 
amino acids With uncharged polar head groups having 
similar hydrophilicity values may include leucine, isoleu 
cine, and valine; glycine and alanine; asparagine and 
glutamine; serine and threonine; and phenylalanine and 
tyrosine. 
[0032] The terms “amino acid” or “amino acid sequence,” 
as used herein, refer to an oligopeptide, peptide, polypep 
tide, or protein sequence, or a fragment of any of these, and 
to naturally occurring or synthetic molecules. In this conteXt, 
“fragments”, “immunogenic fragments”, or “antigenic frag 
ments” refer to fragments of D6DH Which are preferably 
about 5 to about 15 amino acids in length and Which retain 
some biological activity or immunological activity of 
D6DH. Where “amino acid sequence” is recited herein to 
refer to an amino acid sequence of a naturally occurring 
protein molecule, “amino acid sequence” and like terms are 
not meant to limit the amino acid sequence to the complete 
native amino acid sequence associated With the recited 
protein molecule. 

[0033] “Ampli?cation,” as used herein, relates to the pro 
duction of additional copies of a nucleic acid sequence. 
Ampli?cation is generally carried out using polymerase 
chain reaction (PCR) technologies Well knoWn in the art. 
(See, e.g., Dieffenbach, C. W. and G. S. Dveksler (1995) 
PCR Primer; a Laboratory Manual, Cold Spring Harbor 
Press, Plainview, NY, pp. 1-5.) 
[0034] The term “antagonist,” as it is used herein, refers to 
a molecule Which, When bound to D6DH, decreases the 
amount or the duration of the effect of the biological or 
immunological activity of D6DH. Antagonists may include 
proteins, nucleic acids, carbohydrates, antibodies, or any 
other molecules Which decrease the effect of D6DH. 

[0035] As used herein, the term “antibody” refers to intact 
molecules as Well as to fragments thereof, such as Fa, 
F(ab‘)2, and Fv fragments, Which are capable of binding the 
epitopic determinant. Antibodies that bind D6DH polypep 
tides can be prepared using intact polypeptides or using 
fragments containing small peptides of interest as the immu 
niZing antigen. The polypeptide or oligopeptide used to 
immuniZe an animal (e.g., a mouse, a rat, or a rabbit) can be 
derived from the translation of RNA, or synthesiZed chemi 
cally, and can be conjugated to a carrier protein if desired. 
Commonly used carriers that are chemically coupled to 
peptides include bovine serum albumin, thyroglobulin, and 
keyhole limpet hemocyanin The coupled peptide is 
then used to immuniZe the animal. 

[0036] The term “antigenic determinant,” as used herein, 
refers to that fragment of a molecule (i.e., an epitope) that 
makes contact With a particular antibody. When a protein or 
a fragment of a protein is used to immuniZe a host animal, 
numerous regions of the protein may induce the production 



US 2003/0077747 A1 

of antibodies Which bind speci?cally to antigenic determi 
nants (given regions or three-dimensional structures on the 
protein). An antigenic determinant may compete With the 
intact antigen (i.e., the immunogen used to elicit the immune 
response) for binding to an antibody. 

[0037] The term “antisense,” as used herein, refers to any 
composition containing a nucleic acid sequence Which is 
complementary to a speci?c nucleic acid sequence. The term 
“antisense strand” is used in reference to a nucleic acid 
strand that is complementary to the “sense” strand. Anti 
sense molecules may be produced by any method including 
synthesis or transcription. Once introduced into a cell, the 
complementary nucleotides combine With natural sequences 
produced by the cell to form duplexes and to block either 
transcription or translation. The designation “negative” can 
refer to the antisense strand, and the designation “positive” 
can refer to the sense strand. 

[0038] As used herein, the term “biologically active,” 
refers to a protein having structural, regulatory, or biochemi 
cal functions of a naturally occurring molecule. Likewise, 
“immunologically active” refers to the capability of the 
natural, recombinant, or synthetic D6DH, or of any oli 
gopeptide thereof, to induce a speci?c immune response in 
appropriate animals or cells and to bind With speci?c anti 
bodies. 

[0039] The terms “complementary” or “complementar 
ity,” as used herein, refer to the natural binding of poly 
nucleotides under permissive salt and temperature condi 
tions by base pairing. For example, the sequence “A-G-T” 
binds to the complementary sequence “T-C-A.” Comple 
mentarity betWeen tWo single-stranded molecules may be 
“partial,” such that only some of the nucleic acids bind, or 
it may be “complete,” such that total complementarity exists 
betWeen the single stranded molecules. The degree of 
complementarity betWeen nucleic acid strands has signi? 
cant effects on the efficiency and strength of the hybridiZa 
tion betWeen the nucleic acid strands. This is of particular 
importance in ampli?cation reactions, Which depend upon 
binding betWeen nucleic acids strands, and in the design and 
use of peptide nucleic acid (PNA) molecules. 

[0040] A“composition comprising a given polynucleotide 
sequence” or a “composition comprising a given amino acid 
sequence,” as these terms are used herein, refer broadly to 
any composition containing the given polynucleotide or 
amino acid sequence. The composition may comprise a dry 
formulation, an aqueous solution, or a sterile composition. 
Compositions comprising polynucleotide sequences encod 
ing D6DH or fragments of D6DH may be employed as 
hybridiZation probes. The probes may be stored in freeZe 
dried form and may be associated With a stabiliZing agent 
such as a carbohydrate. In hybridiZations, the probe may be 
deployed in an aqueous solution containing salts (e.g., 
NaCl), detergents (e.g., SDS), and other components (e.g., 
Denhardt’s solution, dry milk, salmon sperm DNA, etc.). 

[0041] “Consensus sequence,” as used herein, refers to a 
nucleic acid sequence Which has been resequenced to 
resolve uncalled bases, extended using XL-PCR (Perkin 
Elmer, NorWalk, Conn.) in the 5‘ and/or the 3‘ direction, and 
resequenced, or Which has been assembled from the over 
lapping sequences of more than one Incyte Clone using a 
computer program for fragment assembly, such as the GEL 
VIEW fragment assembly system (GCG, Madison, Wis. 
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Some sequences have been both extended and assembled to 
produce the consensus sequence. 

[0042] As used herein, the term “correlates With expres 
sion of a polynucleotide” indicates that the detection of the 
presence of nucleic acids, the same or related to a nucleic 
acid sequence encoding D6DH, by northern analysis is 
indicative of the presence of nucleic acids encoding D6DH 
in a sample, and thereby correlates With expression of the 
transcript from the polynucleotide encoding D6DH. 

[0043] A “deletion,” as the term is used herein, refers to a 
change in the amino acid or nucleotide sequence that results 
in the absence of one or more amino acid residues or 
nucleotides. 

[0044] The term “derivative,” as used herein, refers to the 
chemical modi?cation of D6DH, of a polynucleotide 
sequence encoding D6DH, or of a polynucleotide sequence 
complementary to a polynucleotide sequence encoding 
D6DH. Chemical modi?cations of a polynucleotide 
sequence can include, for example, replacement of hydrogen 
by an alkyl, acyl, or amino group. A derivative polynucle 
otide encodes a polypeptide Which retains at least one 
biological or immunological function of the natural mol 
ecule. A derivative polypeptide is one modi?ed by glyco 
sylation, pegylation, or any similar process that retains at 
least one biological or immunological function of the 
polypeptide from Which it Was derived. 

[0045] The term “homology,” as used herein, refers to a 
degree of complementarity. There may be partial homology 
or complete homology. The Word “identity” may substitute 
for the Word “homology.” A partially complementary 
sequence that at least partially inhibits an identical sequence 
from hybridiZing to a target nucleic acid is referred to as 
“substantially homologous.” The inhibition of hybridiZation 
of the completely complementary sequence to the target 
sequence may be examined using a hybridiZation assay 
(Southern or northern blot, solution hybridiZation, and the 
like) under conditions of reduced stringency. A substantially 
homologous sequence or hybridiZation probe Will compete 
for and inhibit the binding of a completely homologous 
sequence to the target sequence under conditions of reduced 
stringency. This is not to say that conditions of reduced 
stringency are such that non-speci?c binding is permitted, as 
reduced stringency conditions require that the binding of 
tWo sequences to one another be a speci?c (i.e., a selective) 
interaction. The absence of non-speci?c binding may be 
tested by the use of a second target sequence Which lacks 
even a partial degree of complementarity (e.g., less than 
about 30% homology or identity). In the absence of non 
speci?c binding, the substantially homologous sequence or 
probe Will not hybridiZe to the second non-complementary 
target sequence. 

[0046] The phrases “percent identity” or “% identity” refer 
to the percentage of sequence similarity found in a com 
parison of tWo or more amino acid or nucleic acid 
sequences. Percent identity can be determined electroni 
cally, e.g., by using the MEGALIGN program (DNASTAR, 
Inc., Madison Wis.). The MEGALIGN program can create 
alignments betWeen tWo or more sequences according to 
different methods, e.g., the clustal method. (See, e.g., Hig 
gins, D. G. and P. M. Sharp (1988) Gene 73:237-244.) The 
clustal algorithm groups sequences into clusters by exam 
ining the distances betWeen all pairs. The clusters are 
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aligned pairwise and then in groups. The percentage sim 
larity between tWo amino acid sequences, e.g., sequence A 
and sequence B, is calculated by dividing the length of 
sequence A, minus the number of gap residues in sequence 
A, minus the number of gap residues in sequence B, into the 
sum of the residue matches betWeen sequence A and 
sequence B, times one hundred. Gaps of loW or of no 
homology betWeen the tWo amino acid sequences are not 
included in determining percentage similarity. Percent iden 
tity betWeen nucleic acid sequences can also be counted or 
calculated by other methods knoWn in the art, e.g., the J otun 
Hein method. (See, e.g., Hein, J. (1990) Methods EnZymol. 
183:626-645 Identity betWeen sequences can also be deter 
mined by other methods knoWn in the art, e.g., by varying 
hybridiZation conditions. 

[0047] “Human arti?cial chromosomes” (HACs), as 
described herein, are linear microchromosomes Which may 
contain DNA sequences of about 6 kb to 10 Mb in siZe, and 
Which contain all of the elements required for stable mitotic 
chromosome segregation and maintenance. (See, e.g., Har 
rington, J. J. et al. (1997) Nat. Genet. 15:345-355.) 

[0048] The term “humaniZed antibody,” as used herein, 
refers to antibody molecules in Which the amino acid 
sequence in the non-antigen binding regions has been altered 
so that the antibody more closely resembles a human anti 
body, and still retains its original binding ability. 

[0049] “Hybridization,” as the term is used herein, refers 
to any process by Which a strand of nucleic acid binds With 
a complementary strand through base pairing. 

[0050] As used herein, the term “hybridization complex” 
as used herein, refers to a complex formed betWeen tWo 
nucleic acid sequences by virtue of the formation of hydro 
gen bonds betWeen complementary bases. A hybridiZation 
complex may be formed in solution (e.g., Cot or Rot analy 
sis) or formed betWeen one nucleic acid sequence present in 
solution and another nucleic acid sequence immobiliZed on 
a solid support (e.g., paper, membranes, ?lters, chips, pins or 
glass slides, or any other appropriate substrate to Which cells 
or their nucleic acids have been ?xed). 

[0051] The Words “insertion” or “addition,” as used 
herein, refer to changes in an amino acid or nucleotide 
sequence resulting in the addition of one or more amino acid 
residues or nucleotides, respectively, to the sequence found 
in the naturally occurring molecule. 

[0052] “Immune response” can refer to conditions asso 
ciated With in?ammation, trauma, immune disorders, or 
infectious or genetic disease, etc. These conditions can be 
characteriZed by expression of various factors, e.g., cytok 
ines, chemokines, and other signaling molecules, Which may 
affect cellular and systemic defense systems. 

[0053] The term “microarray,” as used herein, refers to an 
arrangement of distinct polynucleotides arrayed on a sub 
strate, e.g., paper, nylon or any other type of membrane, 
?lter, chip, glass slide, or any other suitable solid support. 

[0054] The terms “element” or “array element” as used 
herein in a microarray context, refer to hybridiZable poly 
nucleotides arranged on the surface of a substrate. 

[0055] The term “modulate,” as it appears herein, refers to 
a change in the activity of D6DH. For example, modulation 
may cause an increase or a decrease in protein activity, 
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binding characteristics, or any other biological, functional, 
or immunological properties of D6DH. 

[0056] The phrases “nucleic acid” or “nucleic acid 
sequence,” as used herein, refer to an oligonucleotide, 
nucleotide, polynucleotide, or any fragment thereof, to DNA 
or RNA of genomic or synthetic origin Which may be 
single-stranded or double-stranded and may represent the 
sense or the antisense strand, to peptide nucleic acid (PNA), 
or to any DNA-like or RNA-like material. In this context, 
“fragments” refers to those nucleic acid sequences Which are 
greater than about 60 nucleotides in length, and most pref 
erably are at least about 100 nucleotides, at least about 1000 
nucleotides, or at least about 10,000 nucleotides in length. 

[0057] The terms “operably associated” or “operably 
linked,” as used herein, refer to functionally related nucleic 
acid sequences. A promoter is operably associated or oper 
ably linked With a coding sequence if the promoter controls 
the transcription of the encoded polypeptide. While operably 
associated or operably linked nucleic acid sequences can be 
contiguous and in the same reading frame, certain genetic 
elements, e.g., repressor genes, are not contiguously linked 
to the encoded polypeptide but still bind to operator 
sequences that control expression of the polypeptide. 

[0058] The term “oligonucleotide,” as used herein, refers 
to a nucleic acid sequence of at least about 6 nucleotides to 
60 nucleotides, preferably about 15 to 30 nucleotides, and 
most preferably about 20 to 25 nucleotides, Which can be 
used in PCR ampli?cation or in a hybridiZation assay or 
microarray. As used herein, the term “oligonucleotide” is 
substantially equivalent to the terms “amplimer,”“primer,” 
“oligomer,” and “probe,” as these terms are commonly 
de?ned in the art. 

[0059] “Peptide nucleic acid” (PNA), as used herein, 
refers to an antisense molecule or anti-gene agent Which 
comprises an oligonucleotide of at least about 5 nucleotides 
in length linked to a peptide backbone of amino acid 
residues ending in lysine. The terminal lysine confers solu 
bility to the composition. PNAs preferentially bind comple 
mentary single stranded DNA and RNA and stop transcript 
elongation, and may be pegylated to extend their lifespan in 
the cell. (See, e.g., Nielsen, P. E. et al. (1993) Anticancer 
Drug Des. 8:53-63.) 
[0060] The term “sample,” as used herein, is used in its 
broadest sense. Abiological sample suspected of containing 
nucleic acids encoding D6DH, or fragments thereof, or 
D6DH itself, may comprise a bodily ?uid; an extract from 
a cell, chromosome, organelle, or membrane isolated from a 
cell; a cell; genomic DNA, RNA, or cDNA, in solution or 
bound to a solid support; a tissue; a tissue print; etc. 

[0061] As used herein, the terms “speci?c binding” or 
“speci?cally binding” refer to that interaction betWeen a 
protein or peptide and an agonist, an antibody, or an antago 
nist. The interaction is dependent upon the presence of a 
particular structure of the protein, e.g., the antigenic deter 
minant or epitope, recogniZed by the binding molecule. For 
example, if an antibody is speci?c for epitope “A,” the 
presence of a polypeptide containing the epitope A, or the 
presence of free unlabeled A, in a reaction containing free 
labeled A and the antibody Will reduce the amount of labeled 
A that binds to the antibody. 

[0062] As used herein, the term “stringent conditions” 
refers to conditions Which permit hybridiZation betWeen 
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polynucleotide sequences and the claimed polynucleotide 
sequences. Suitably stringent conditions can be de?ned by, 
for example, the concentrations of salt or formamide in the 
prehybridization and hybridization solutions, or by the 
hybridization temperature, and are Well knoWn in the art. In 
particular, stringency can be increased by reducing the 
concentration of salt, increasing the concentration of forma 
mide, or raising the hybridization temperature. 

[0063] For example, hybridization under high stringency 
conditions could occur in about 50% formamide at about 37° 
C. to 42° C. Hybridization could occur under reduced 
stringency conditions in about 35% to 25% formamide at 
about 30° C. to 35° C. In particular, hybridization could 
occur under high stringency conditions at 42° C. in 50% 
formamide, 5><SSPE, 0.3% SDS, and 200 pig/ml sheared and 
denatured salmon sperm DNA. Hybridization could occur 
under reduced stringency conditions as described above, but 
in 35% formamide at a reduced temperature of 35° C. The 
temperature range corresponding to a particular level of 
stringency can be further narroWed by calculating the purine 
to pyrimidine ratio of the nucleic acid of interest and 
adjusting the temperature accordingly. Variations on the 
above ranges and conditions are Well knoWn in the art. 

[0064] The term “substantially puri?ed,” as used herein, 
refers to nucleic acid or amino acid sequences that are 
removed from their natural environment and are isolated or 
separated, and are at least about 60% free, preferably about 
75% free, and most preferably about 90% free from other 
components With Which they are naturally associated. 

[0065] A “substitution,” as used herein, refers to the 
replacement of one or more amino acids or nucleotides by 
different amino acids or nucleotides, respectively. 

[0066] “Transformation,” as de?ned herein, describes a 
process by Which exogenous DNA enters and changes a 
recipient cell. Transformation may occur under natural or 
arti?cial conditions according to various methods Well 
knoWn in the art, and may rely on any knoWn method for the 
insertion of foreign nucleic acid sequences into a prokary 
otic or eukaryotic host cell. The method for transformation 
is selected based on the type of host cell being transformed 
and may include, but is not limited to, viral infection, 
electroporation, heat shock, lipofection, and particle bom 
bardment. The term “transformed” cells includes stably 
transformed cells in Which the inserted DNA is capable of 
replication either as an autonomously replicating plasmid or 
as part of the host chromosome, as Well as transiently 
transformed cells Which express the inserted DNA or RNA 
for limited periods of time. 

[0067] A “variant” of D6DH, as used herein, refers to an 
amino acid sequence that is altered by one or more amino 
acids. The variant may have “conservative” changes, 
Wherein a substituted amino acid has similar structural or 
chemical properties (e.g., replacement of leucine With iso 
leucine). More rarely, a variant may have “nonconservative” 
changes (e.g., replacement of glycine With tryptophan). 
Analogous minor variations may also include amino acid 
deletions or insertions, or both. Guidance in determining 
Which amino acid residues may be substituted, inserted, or 
deleted Without abolishing biological or inmmunological 
activity may be found using computer programs Well knoWn 
in the art, for example, LASERGENE softWare. 
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[0068] The Invention 

[0069] The invention is based on the discovery of neW 
human delta-6 dehydrogenase homologs (D6DH), the poly 
nucleotides encoding D6DH, and the use of these compo 
sitions for the diagnosis, treatment, or prevention of cardio 
vascular diseases, disorders of aging, disorders of fatty acid 
metabolism, and cancer. 

[0070] Nucleic acids encoding D6DH-1 of the present 
invention Were ?rst identi?ed in Incyte Clone 2451043 from 
an endothelial cell cDNA library (ENDANOT01) using a 
computer search for amino acid sequence alignments. A 
consensus sequence, SEQ ID NO:2, Was derived from the 
folloWing overlapping and/or extended nucleic acid 
sequences: Incyte Clones 2451043 (ENDANOT01), 
2583121 (KIDNTUT13), 1986401 (LUNGAST01), 
1432904 (BEPINON01), 1402462 (LATRTUT02), 873359 
(LUNGAST01), and 201775 (MPHGNOT02). 
[0071] In one embodiment, the invention encompasses a 
polypeptide comprising the amino acid sequence of SEQ ID 
NO:1, as shoWn in FIGS. 1A-1D. D6DH-1 is 445 amino 
acids in length and has the three histidine boxes character 
istic of delta-6 desaturases at residues H183-H187, H219 
H223, and H351-H354. D6DH-1 has a potential N-glyco 
sylation site at residue N396, a potential casein kinase II 
phosphorylation site at residue S246, and a potential protein 
kinase C phosphorylation site at S430. As shoWn in FIGS. 
3A-3E, D6DH-1 has chemical and structural homology With 
delta-6 desaturase (GI 2062403; SEQ ID NO:5) and cyto 
chrome b5 (GI 1040729; SEQ ID NO:6). In particular, 
D6DH-1 and delta-6 desaturase share 28% identity, includ 
ing a histidine box at H219-H223, and D6DH-1 and cyto 
chrome b5 share 27% homology. D6DH-1 and delta-6 
desaturase have rather similar hydrophobicity plots and 
isoelectric points. The fragment of SEQ ID NO:2 from about 
nucleotide 104 to about nucleotide 128 is useful for design 
ing oligonucleotides or to be used directly as a hybridization 
probe. Northern analysis shoWs the expression of this 
sequence in various libraries, 50% of Which are cancerous, 
20% are proliferating or immortalized, and 20% involve 
in?ammation ain the immune response. Of particular note is 
the expression of D6DH-1 in cardiovascular tissue (28%). 

[0072] Nucleic acids encoding D6DH-2 of the present 
invention Were ?rst identi?ed in Incyte Clone 2056310 from 
a bronchial epithelial cDNA library (BEPINOT01) using a 
computer search for amino acid sequence alignments. A 
consensus sequence, SEQ ID NO:4, Was derived from the 
folloWing overlapping and/or extended nucleic acid 
sequences: Incyte Clones 2056310 (BEPINOT01), 2290526 
(BRAINON01), and 1362863 (LUNGNOT12). 
[0073] In another embodiment, the invention encompasses 
a polypeptide comprising the amino acid sequence of SEQ 
ID NO:3, as shoWn in FIGS. 2A-2D. D6DH-2 is 444 amino 
acids in length and has the three histidine boxes character 
istic of delta-6 desaturases at residues H179-H183, H217 
H221, and H343-H347. D6DH-2 has a potential N-glyco 
sylation site at residue N44, potential casein kinase II 
phosphorylation sites at residues T21, residues S29, and 
residues S429, and potential protein kinase C phosphoryla 
tion sites at residues T16, T49, T189, and S429. As shoWn 
in FIGS. 3A-3E, D6DH-2 has chemical and structural 
homology With delta-6 desaturase (GI 2062403; SEQ ID 
NO:5), and cytochrome b5 (GI 1040729; SEQ ID NO:6). In 
particular, D6DH-2 and delta-6 desaturase share 28% iden 














































