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(57) ABSTRACT 

The present invention relates to compositions and methods 
for the diagnosis and treatment of obesity and related 
metabolic disorders. The invention provides isolated nucleic 
acids molecules, designated DGAT2 family member nucleic 
acid molecules, Which encode diacylglycerol acyltransferase 
family members. The invention also provides recombinant 
expression vectors containing DGAT2 family member 
nucleic acid molecules, host cells into Which the expression 
vectors have been introduced, and nonhuman transgenic 
animals in Which a DGAT 2 family member gene has been 
introduced or disrupted. The invention still further provides 
isolated DGAT2 family member proteins, fusion proteins, 
antigenic peptides and anti-DGAT 2 family member antibod 
ies. Methods of use of the provided DGAT2 family member 
compositions for screening, diagnostic and therapeutic 
methods in connection With obesity disorders are also dis 
closed. 
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HUMAN DIACYLGLYCEROL 
ACYLTRANSFERASE 2 (DGAT2) FAMILY 

MEMBERS AND USES THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] Obesity, the most prevalent of body Weight disor 
ders, is the most important nutritional disorder in the Western 
World, With estimates of its prevalence ranging from 30% to 
50% Within the middle-aged population. Obesity, de?ned as 
an excess of body fat relative to lean body mass, also 
contributes to other diseases. For example, this disorder is 
responsible for increased incidence of diseases such as 
coronary artery disease, hypertension, stroke, diabetes, 
hyperlipidemia, and some cancers (See, e.g., Nishina, P. M. 
et al., 1994, Metab. 43: 554-558; Grundy, S. M. & Barnett, 
J. P., 1990, Dis. Mon. 36: 641-731). Obesity is not merely a 
behavioral problem, i.e., the result of voluntary hyperphagia. 
Rather, the differential body composition observed betWeen 
obese and normal subjects results from differences in both 
metabolism and neurologic/metabolic interactions. These 
differences seem to be, to some extent, due to differences in 
gene expression, and/or level of gene products or activity. 
The nature, hoWever, of the genetic factors Which control 
body composition are unknoWn, and attempts to identify 
molecules involved in such control have generally been 
empiric, and the parameters of body composition and/or 
substrate ?ux have not yet been identi?ed (Friedman, J. M. 
et al., 1991, Mammalian Gene 1:130-144). 

[0002] The epidemiology of obesity strongly shoWs that 
the disorder exhibits inherited characteristics (Stunkard, 
1990, N. Eng. J. Med. 322:1483). Moll et al., have reported 
that, in many populations, obesity seems to be controlled by 
a feW genetic loci (Moll et al. 1991, Am. J. Hum. Gen. 
49:1243). In addition, human tWin studies strongly suggest 
a substantial genetic basis in the control of body Weight, 
With estimates of heritability of 80-90% (Simopoulos, A. P. 
& Childs B., eds., 1989, in “Genetic Variation and Nutrition 
in Obesity”, World RevieW of Nutrition and Diabetes 63, S. 
Karger, Basel, SWitZerland; Borjeson, M., 1976, Acta. Pae 
diatr. Scand. 65:279-287). 

[0003] In other studies, non-obese persons Who deliber 
ately attempted to gain Weight by systematically over-eating 
Were found to be more resistant to such Weight gain and able 
to maintain an elevated Weight only by very high caloric 
intake. In contrast, spontaneously obese individuals are able 
to maintain their status With normal or only moderately 
elevated caloric intake. Studies of the genetics of human 
obesity, and of animal models of obesity demonstrate that 
obesity results from complex defective regulation of both 
food intake, food induced energy expenditure, and of the 
balance betWeen lipid and lean body anabolism. 

[0004] It has noW been established that the maintenance of 
body Weight, satiety and energy expenditure is a complex 
process, regulated at various levels, including external and 
hypothalmic control of satiety, neuroendocrine and sympa 
thetic nervous system control of metabolic processes, as 
Well as enZymatic and transcriptional controls of utiliZation 
of glucose, and adipogenesis (Kahn, 2000, Nature Genetics 
25: 6; and Palou, et al., 2000, Eur. J. Nutr. 39: 127). 

[0005] It is estimated that approximately 40% of calories 
in the Western diet are from fat. Thus, blocking absorption 
of a fraction of such fat Would lead to Weight loss. The 
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pathWays involved in fatty acid absorption in the small 
intestine are fairly Well understood. Fatty acids are liberated 
from triglycerides in the lumen of the small intestine through 
the action of pancreatic lipase. Free fatty acids then cross the 
plasma membrane of the enterocytes, a transport mechanism 
probably utiliZing FATP4, and, once in the enterocyte, are 
re-esteri?ed into triacylglycerols, the major form of energy 
stored in adipose tissue, Which are packaged into chylomi 
crons prior to absorption. 

[0006] Although production of diacylglycerol can be 
accomplished through various mechanisms, the ?nal rate 
limiting step in biosynthesis of triaclyglycerol is accom 
plished via the enZyme diacyl glycerol acyltransferase 
(DGAT). Although it has been knoWn that DGAT activity is 
increased in obese rodents, DGAT1 de?cient mice are resis 
tant to high fat-diet induced obesity and have increased 
energy expenditure (Smith, 2000, Nature Genetics 25: 87). 
Until recently When a second DGAT enZyme (DGAT2) Was 
identi?ed, it Was believed a single enZyme Was responsible 
for synthesis of triacylglycerol (Cases et al. 2001 J. Biol. 
Chem. 276: 38870). An understanding of regulation and 
maintenance of this rate limiting step of triglyceride can 
provide insight into the regulation of production and main 
tenance of energy stores and fat, and assist in the develop 
ment of treatment for obesity and related disorders involving 
production of triacylglycerols. 

[0007] Given the importance of understanding body 
Weight homeostasis and, further, given the severity and 
prevalence of disorders, including obesity, Which affect body 
Weight and body composition, there exists a great need for 
the systematic identi?cation of genes and regulation of 
genes involved in these complex processes and disorders. 
Such identi?cation Will provide rationales and facilitate 
development of speci?c compounds acting via modulation 
of metabolic activity for use in the treatment of obesity and 
related disorders. 

DESCRIPTION OF THE INVENTION 

[0008] The present invention is based, in part, on the 
discovery of novel human diacylglycerol acyltransferase 2 
(DGAT2) family members, referred to herein as “60489, 
”“112041,” and “112037.” The nucleotide sequence of 
cDNAs encoding 60489, 112041 and 112037 are shoWn in 
SEQ ID NO: 7, SEQ ID NO: 19, and SEQ ID NO: 61 
respectively; the amino acid sequences of 60489, 112041, 
and 112037 polypeptides are shoWn in SEQ ID NO: 8, SEQ 
ID NO: 20, and SEQ ID NO: 62. 

[0009] Additionally, the invention is based on the discov 
ery of novel expression and regulation of human diacylg 
lycerol acyltransferase 2 (DGAT2) family members referred 
to herein as “58765,”“58765short,”“86606,”“112023, 
”“112024,” and “hDC2.” The nucleotide sequence of a 
cDNA encoding 58765 is shoWn in SEQ ID NO: 1, and the 
amino acid sequence of a 58765 polypeptide is shoWn in 
SEQ ID NO: 2. The nucleotide sequence of a cDNA 
encoding 58765short is shoWn in SEQ ID NO: 3, and the 
amino acid sequence of a 58765short polypeptide is shoWn 
in SEQ ID NO: 4. The nucleotide sequence of a cDNA 
encoding 86606 is shoWn in SEQ ID NO: 9, and the amino 
acid sequence of a 86606 polypeptide is shoWn in SEQ ID 
NO: 10. The nucleotide sequence of a cDNA encoding 
112023 is shoWn in SEQ ID NO: 13, and the amino acid 
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sequence of a 112023 polypeptide is shown in SEQ ID NO: 
14. The nucleotide sequence of a cDNA encoding 112024 is 
shoWn in SEQ ID NO: 17, and the amino acid sequence of 
a 112024 polypeptide is shoWn in SEQ ID NO: 18. The 
nucleotide sequence of a cDNA encoding hDC2 is shoWn in 
SEQ ID NO: 21, and the amino acid sequence of a hDC2 
polypeptide is shoWn in SEQ ID NO: 22. 

[0010] Further, the present invention provides murine 
gene sequences Were also identi?ed Which are related to 

DGAT2 sequences. The murine DGAT2 orthologue 
sequence (m86606) is depicted in SEQ ID NO: 11, and the 
amino acid sequence of a m86606 polypeptide is shoWn in 
SEQ ID NO: 12. The murine DGAT2 family member 
sequence m58765 sequence is shoWn in SEQ ID NO: 5, and 
the amino acid sequence of a m58765 polypeptide is shoWn 
in SEQ ID NO: 6. The DGAT 2 family member nucleotide 
sequence of m112023 is shoWn in SEQ ID NO: 15, and the 
amino acid sequence of a m112023 polypeptide is shoWn in 
SEQ ID NO: 16. The DGAT2 family member nucleotide 
sequence of mDC2 is shoWn in SEQ ID NO: 23, and the 
amino acid sequence of a mDC2 polypeptide is shoWn in 
SEQ ID NO: 24. 

[0011] Accordingly, in one aspect, the invention features 
nucleic acid molecules Which encode a DGAT2 family 
member protein or polypeptide, or a fragment thereof, e.g., 
a biologically active portion of the DGAT2 family member 
protein. In a preferred embodiment, the isolated nucleic acid 
molecule encodes a polypeptide having the amino acid 
sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID 
NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, 
SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 62. In 
other embodiments, the invention provides an isolated 
DGAT2 family member nucleic acid molecule having the 
nucleotide sequence shoWn in SEQ ID NO: 1, SEQ ID NO: 
3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID 
NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, 
SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, or SEQ 
ID NO: 61. In still other embodiments, the invention pro 
vides nucleic acid molecules that are substantially identical 
(e.g., naturally occurring allelic variants) to the nucleotide 
sequence shoWn in SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID 
NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ 
ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 
19, SEQ ID NO: 21, SEQ ID NO: 23, or SEQ ID NO: 61. 
In other embodiments, the invention provides a nucleic acid 
molecule Which hybridiZes under stringent hybridiZation 
conditions to a nucleic acid molecule comprising the nucle 
otide sequence of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID 
NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ 
ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 
19, SEQ ID NO: 21, SEQ ID NO: 23, or SEQ ID NO: 61, 
Wherein the nucleic acid encodes a full length DGAT2 
family member protein or an active fragment thereof. 

[0012] In a related aspect, the invention further provides 
nucleic acid constructs Which include a DGAT2 family 
member nucleic acid molecule described herein. In certain 
embodiments, the nucleic acid molecules of the invention 
are operatively linked to native or heterologous regulatory 
sequences. Also included, are vectors and host cells con 
taining the DGAT2 family member nucleic acid molecules 
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of the invention e.g., vectors and host cells suitable for 
producing DGAT2 family member nucleic acid molecules 
and polypeptides. 

[0013] In another related aspect, the invention provides 
nucleic acid of DGAT2 family member-encoding nucleic 
acids. The fragments of the invention can be suitable as 
primers or hybridiZation probes for the detection of DGAT2 
family member encoding nucleic acids. 

[0014] In still another related aspect, isolated nucleic acid 
molecules that are antisense to a DGAT2 family member 
encoding nucleic acid molecule are provided. 

[0015] In another aspect, the invention features, DGAT2 
family member polypeptides, and biologically active or 
antigenic fragments thereof that are useful, e.g., as reagents 
or targets in assays applicable to treatment and diagnosis of 
DGAT2 family member-mediated or—related disorders. In 
another embodiment, the invention provides DGAT2 family 
member polypeptides having a DGAT2 family member 
activity. Preferred polypeptides are DGAT2 family member 
proteins including at least one acyltransferase domain, and/ 
or plsC domain, and, preferably, having a DGAT2 family 
member activity, e.g., a DGAT2 family member activity as 
described herein. 

[0016] In other embodiments, the invention provides 
DGAT2 family member polypeptides, e.g., a DGAT2 family 
member polypeptide having the amino acid sequence shoWn 
in SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID 
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, 
SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID 
NO: 22, SEQ ID NO: 24, or SEQ ID NO: 62; an amino acid 
sequence that is substantially identical to the amino acid 
sequence shoWn in SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, 
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID 
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 
62; or an amino acid sequence encoded by a nucleic acid 
molecule having a nucleotide sequence Which hybridiZes 
under stringent hybridiZation conditions to a nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID 
NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ 
ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 
15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ 
ID NO: 23, or SEQ ID NO: 61, Wherein the nucleic acid 
encodes a full length DGAT2 family member protein or an 
active fragment thereof. 

[0017] In a related aspect, the invention further provides 
nucleic acid constructs Which include a DGAT2 family 
member nucleic acid molecule described herein. 

[0018] In a related aspect, the invention provides DGAT2 
family member polypeptides or fragments operatively 
linked to non-DGAT2 family member polypeptides to form 
fusion proteins. 

[0019] In another aspect, the invention features antibodies 
and antigen-binding fragments thereof, that react With, or 
more preferably speci?cally bind DGAT2 family member 
polypeptides. 

[0020] The present invention is based, at least in part, on 
the discovery that DGAT2 family member molecules are 
expressed at increased levels in adipose, liver, small intes 
tine, colon, and kidney tissues, (see EXamples 3-7 and 
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Tables 1-8 described herein). DGAT2 family member mol 
ecules Were further found to be upregulated during adipo 
cyte differentiation, and doWnregulated during exposure to 
starvation conditions or mice fed high fat diets (i.e., under 
conditions that affect adipocyte metabolism) as Well as in 
genetic models of obesity (see Example 3 and Tables 3-8). 

[0021] Accordingly, the present invention provides meth 
ods for the diagnosis and treatment of metabolic and related 
disorders including but not limited to obesity, hyperlipi 
demia and other lipid disorders and diabetes. 

[0022] In one aspect, the invention provides methods of 
screening for compounds that modulate the expression or 
activity of the DGAT2 family member polypeptides or 
nucleic acids. The method includes contacting a sample 
expressing a DGAT 2 family member nucleic acid or 
polypeptide With a test compound and assaying the ability of 
the test compound to modulate the expression of a DGAT2 
family member nucleic acid or the activity of a DGAT2 
family member polypeptide. 

[0023] In one embodiment, the invention provides meth 
ods for identifying a compound capable of treating a meta 
bolic disorder, e.g., obesity, hyperlipidemia, and diabetes. 
The method includes assaying the ability of the compound 
to modulate DGAT2 family member nucleic acid expression 
or DGAT2 family member polypeptide activity. In one 
embodiment, the ability of the compound to modulate 
nucleic acid expression or DGAT2 family member polypep 
tide activity is determined by detecting modulation of lipo 
genesis. In another embodiment, the ability of the compound 
to modulate nucleic acid expression or DGAT2 family 
member polypeptide activity is determined by detecting 
modulation of triglyceride biosynthesis. In still another 
embodiment, the ability of the compound to modulate 
nucleic acid expression or DGAT2 family member polypep 
tide activity is determined by detecting modulation of hyper 
plastic groWth. In yet another embodiment, the ability of the 
compound to modulate nucleic acid expression or DGAT2 
family member polypeptide activity is determined by detect 
ing modulation of hypertrophic groWth. 

[0024] In another aspect, the invention provides methods 
for identifying a compound capable of modulating an adi 
pocyte activity, e.g., hyperplastic groWth, hypertrophic 
groWth, or lipogenesis. The method includes contacting an 
adipocyte expressing a DGAT2 family member nucleic acid 
or polypeptide With a test compound and assaying the ability 
of the test compound to modulate the expression of a 
DGAT2 family member nucleic acid or the activity of a 
DGAT2 family member polypeptide. 

[0025] In still another aspect, the invention provides meth 
ods for determining acyltransferase activity of a polypep 
tide. Such methods include combining a sample comprising 
an acyltransferase polypeptide With a fatty acyl coA sub 
strate and a acylglyceride substrate under conditions suitable 
to carry out enZyme activity, and determining the amount of 
acylglycerol product formed, Wherein product formation is 
a determination of acylglycerol-acyltransferase activity. In 
certain aspects, one substrate can be biotinylated and the 
other substrate can be radiolabeled (e.g., radiolabeled acylg 
lyceride and biotinylated fatty acyl coA). Product formation 
can be determined using biotin capture and radiometric 
determination (eg, SPA (scintillation proximity assay)) 
assays. Provided acyltransferase activity methods can be 
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used to detect any acyltransferase activity (e.g., monoacylg 
lycerol acyltransferase, diacylglycerol acyltransferase). In 
particular embodiments, acyltransferase activity methods 
can be used to determine enZyme activity of the DGAT2 
family members provided herein. 

[0026] Yet another aspect includes methods for identifying 
compounds Which modulate acyltransferase activity. The 
provided methods include the described methods for deter 
mining acyltransferase activity, With additional steps includ 
ing contacting the sample comprising an acyltransferase 
polypeptide and fatty acyl coA and acylglyceride substrates 
With one or more test compounds. Test compounds can be 

added to the sample at any time before, during, or after 
combining the composition comprising acyltransferase and 
substrates. EnZyme activity is determined by measuring 
product formation, Wherein a change in the amount of 
acyltransferase activity in the presence of test compound 
identi?es a compound Which modulates acyltransferase 
activity. 

[0027] In another aspect, the invention provides methods 
for modulating an adipocyte activity, e.g., hyperplastic 
groWth, hypertrophic groWth, or lipogenesis. The method 
includes contacting an adipocyte With a DGAT2 family 
member modulator, for example, an anti-DGAT2 family 
member antibody, a DGAT2 family member polypeptide 
comprising the amino acid sequence of SEQ ID NO: 2, SEQ 
ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, 
SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID 
NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, 
or SEQ ID NO: 62, or a fragment thereof, a DGAT 2 family 
member polypeptide comprising an amino acid sequence 
Which is at least 90 percent identical to the amino acid 
sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID 
NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, 
SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 62, an 
isolated naturally occurring allelic variant of a polypeptide 
consisting of the amino acid sequence of SEQ ID NO: 2, 
SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 
10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ 
ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 
24, or SEQ ID NO: 62, a small molecule, an antisense 
DGAT2 family member nucleic acid molecule, a nucleic 
acid molecule of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID 
NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ 
ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 
19, SEQ ID NO: 21, SEQ ID NO: 23, or SEQ ID NO: 61, 
or a fragment thereof, or a riboZyme. 

[0028] In still another aspect, the invention provides a 
process for modulating DGAT2 family member polypeptide 
or nucleic acid expression or activity, e. g. using the screened 
compounds. In certain embodiments, the methods involve 
treatment of conditions related to aberrant activity or expres 
sion of the DGAT2 family member polypeptides or nucleic 
acids, such as conditions involving aberrant or de?cient 
triglyceride biosynthesis (e.g., obesity, lipid disorders). 

[0029] The invention also provides assays for determining 
the activity of or the presence or absence of DGAT 2 family 
member polypeptides or nucleic acid molecules in a bio 
logical sample, including for disease diagnosis. In one 
aspect, provided are assays for determining the presence or 
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absence of a genetic alteration in a DGAT2 family member 
polypeptide or nucleic acid molecule, including for disease 
diagnosis. 

[0030] In one embodiment, methods include identifying a 
nucleic acid associated With a metabolic disorder, e.g., 
obesity, hyperlipidemia, and diabetes. 

[0031] In yet another aspect, the invention features a 
method for identifying a subject having an obesity disorder 
characteriZed by aberrant DGAT2 family member polypep 
tide activity or aberrant DGAT2 family member nucleic acid 
expression. The method includes contacting a sample 
obtained from the subject and expressing a DGAT2 family 
member nucleic acid or polypeptide With a test compound 
and assaying the ability of the test compound to modulate 
the eXpression of a DGAT2 family member nucleic acid or 
the activity of a DGAT2 family member polypeptide. 

[0032] In yet another aspect, the invention features a 
method for treating a subject having a metabolic disorder, 
e.g., obesity, diabetes, hyperlipidemia, characteriZed by 
aberrant DGAT2 family member polypeptide activity or 
aberrant DGAT2 family member nucleic acid expression. 
The method includes administering to the subject a DGAT2 
family member modulator, e.g., in a pharmaceutically 
acceptable formulation or by using a gene therapy vector. 
Embodiments of this aspect of the invention include the 
DGAT2 family member modulator being any of an organic 
small molecule, an anti-DGAT2 family member antibody, a 
DGAT2 family member polypeptide comprising the amino 
acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, 
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID 
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 
62, or a fragment thereof, a DGAT2 family member 
polypeptide comprising an amino acid sequence Which is at 
least 90 percent identical to the amino acid sequence of SEQ 
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, 
SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID 
NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, 
SEQ ID NO: 24, or SEQ ID NO: 62, an isolated naturally 
occurring allelic variant of a polypeptide consisting of the 
amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ 
ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, 
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ I) 
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 
62, an antisense DGAT 2 family member nucleic acid mol 
ecule, a nucleic acid molecule of SEQ ID NO: 1, SEQ ID 
NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ 
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 
17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, or 
SEQ ID NO: 61, or a fragment thereof, or a riboZyme. 

[0033] The present invention is based, at least in part, on 
the discovery of novel molecules, referred to herein as 
“DGAT2 family member” nucleic acid and polypeptide 
molecules, Which play a role in, or function in, catalyZing 
the ?nal step in the re-esteri?cation of fatty acids to produce 
triglycerols, and/or play a role in production and regulation 
of fat and energy stores in mammals. This metabolic path 
Way is described in Lodish et al. (1995) Molecular Cell 
Biology (Scienti?c American Books Inc., NeW York, NY.) 
and Stryer Biochemistry, H. Freeman, NeW York), the 
contents of Which are incorporated herein by reference. In 
one embodiment, the DGAT2 family member molecules 
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modulate the activity of one or more proteins involved in 
production of triacylglycerols, and/or production of fat 
stores e.g., adipose fat stores. In another embodiment, the 
DGAT2 family member molecules of the present invention 
are capable of modulating the esteri?cation state of fatty 
acid molecules for the production of one or more molecules 
involved in adipose energy stores, as described in, for 
eXample, Lodish et al. and Stryer, supra. Additionally, the 
DGAT2 family members of the invention may modulate 
triglyceride production and energy storage in tissues and 
cells including liver, small intestine, kidney, adipose, skel 
etal muscle, pancreas, heart, spleen, brain, hypothalamus, 
lung, etc. 

[0034] As used herein, the term “diacylglycerol acyltrans 
ferase”“acyl-CoA:diacylglycerol acyltransferase” or 
“DGAT” includes a protein, polypeptide, or other non 
proteinaceous molecule that is capable of modulating the 
esteri?cation state of diacylglycerol (DAG) molecules. 
DGATs play a role in biosynthetic pathWays associated With 
production of fat stores. For eXample, DGATs are involved 
in the regulation of biosynthesis of triacylglycerols. The 
enZyme reaction catalyZed by Acyl-CoA:diacylglycerol 
acyltransferases (DGATs) involves the coupling of an acyl 
CoA (1) to a preformed diacylglycerol (2) producing one 
equivalent of CoenZyme A (CoA) and triacylglycerol. 

(4) 

[0035] Novel DGAT Sequences 

[0036] The present invention is based, at least in part, on 
the discovery of novel molecules, referred to herein as 
diacylglycerol acyltransferase 2 (DGAT2) family member 
protein and nucleic acid molecules, that comprise a family 
of molecules having certain conserved structural and func 
tional features. The term “family” When referring to the 
protein and nucleic acid molecules of the invention is 
intended to mean tWo or more proteins or nucleic acid 
molecules having a common structural domain or motif and 
having sufficient amino acid or nucleotide sequence identity 
as de?ned herein. Such family members can be naturally or 
non-naturally occurring and can be from either the same or 
different species. For eXample, a family can contain a ?rst 
protein of human origin, as Well as other, distinct proteins of 
human origin or alternatively, can contain homologues of 
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non-human origin. Members of a family may also have 
common functional characteristics. 

[0037] One embodiment of the invention features diacylg 
lycerol acyltransferase 2 (DGAT2) family member nucleic 
acid molecules, preferably human DGAT2 family member 
molecules, that Were initially identi?ed based on related 
sequence or protein domain characteristic of acyl glycerol 
phosphate acyltransferase family of proteins. Such 
sequences are referred to as “DGAT2 family member” 
sequences indicating that the genes share sequence similar 
ity With diacylglycerol acyltransferase 2 gene. Speci?cally, 
novel human DGAT2 family member family members, 
60489, 112041, and 112037 are provided. They are highly 
expressed in small intestine, adipose, and liver Where trig 
lyceride synthesis occurs. 

[0038] In addition, We have demonstrated tissue expres 
sion and regulation of additional human DGAT2 family 
member family members 86606, 58765, 112023, 112024, 
hDC2, as Well as murine orthologues m86606, m58765, 
m112023, and mDC2. They are also highly expressed in 
tissues Where triglyceride synthesis occurs, expression is 
regulated under conditions that change adipocyte metabo 
lism both in vitro and in vivo. DGAT2 family member 
family members are therefore a candidate target to identify 
small molecules for the treatment of obesity, diabetes, and/or 
lipid disorders in humans. It is conceivable that inhibition of 
these genes, either individually or collectively, Will lead to 
decreased triglyceride synthesis and fat accumulation in 
vivo. Inhibitors, therefore, have potentials for anti-fat 
absorption and can be used to treat obesity and its related 
disorders. 

[0039] Human DGAT2 Family Members 

[0040] The human DGAT2, (herein referred to as 86606) 
sequence is depicted in SEQ ID NO: 9, Which is approxi 
mately 2428 nucleotides long including untranslated 
regions, contains a predicted methionine-initiated coding 
sequence of about 1166 nucleotides (nucleotides 220-1386 
of SEQ ID NO: 9). The coding sequence encodes a 388 
amino acid protein (SEQ ID NO: 10). The molecule may 
have transmembrane segments from amino acids (aa) 70-93 
and 100-116 as predicted by MEMSAT. Prosite program 
analysis Was used to predict various sites Within the 86606 
protein. N-glycosylation sites Were predicted at aa 60-63, 
173-176 and 228-231. Protein kinase C phosphorylation 
sites Were predicted at aa 23-35, 37-39, 116-118, 152-154, 
182-184, and 255-257. Casein kinase II phosphorylation 
sites Were predicted at aa 62-65, 278-281, and 351-354. 
N-myristoylation sites Were predicted at aa 10-15, 41-46, 
84-89, 120-125, 169-174, 229-234, 240-245, 318-323, and 
378-383. An amidation site Was predicted at aa 120-123. The 
86606 protein possesses a SMART plsci2 domain, from 
about aa 165 to about aa 281, as predicted by HMMer, 
Version 2.1.1. The plsc domain is believed to function in 
phospholipid biosynthesis and is characteristic of proteins 
having glycerolphosphate, 1-acylglycerolphosphate, or 
2-acylglycerolphosphoethanolamine acyltransferase activi 
ties. 

[0041] The human DGAT2 family member sequence 
60489 (SEQ ID NO: 7), Which is approximately 1255 
nucleotides long including untranslated regions, contains a 
predicted methionine-initiated coding sequence of about 
1025 nucleotides (nucleotides 170-1195 of SEQ ID NO: 7) 
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The coding sequence encodes a 341 amino acid protein 
(SEQ ID NO: 8). The molecule may have transmembrane 
segments from amino acids (aa) 39-63, 109-127, and 271 
291 as predicted by MEMSAT. Prosite program analysis Was 
used to predict various sites Within the 60489 protein. 
N-glycosylation sites Were predicted at aa 126-129. Protein 
kinase C phosphorylation sites Were predicted at aa 12-14, 
and 255-257. Casein kinase II phosphorylation sites Were 
predicted at aa 231-234, 304-307, and 317-320. N-myris 
toylation sites Were predicted at aa 2-7, 73-78, 117-122, 
193-198, 271-276, and 331-336. An amidation site Was 
predicted at aa 73-76. The 60489 protein possesses a 
SMART plsci2 domain, from about aa 110 to about aa 234, 
as predicted by HMMer, Version 2.1.1. The plsc domain is 
believed to function in phospholipid biosynthesis and is 
characteristic of proteins having glycerolphosphate, 
1-acylglycerolphosphate, or 2-acylglycerolphosphoethano 
lamine acyltransferase activities. 

[0042] The DGAT 2 family member sequence 112041 
(SEQ ID NO: 19), Which is approximately 1716 nucleotides 
long including untranslated regions, contains a predicted 
methionine-initiated coding sequence of about 1013 nucle 
otides (nucleotides 101-1114 of SEQ ID NO: 19) The coding 
sequence encodes a 337 amino acid protein (SEQ ID NO: 
20). The molecule may have transmembrane segments from 
amino acids (aa) 21-42 as predicted by MEMSAT. Prosite 
program analysis Was used to predict various sites Within the 
112041 protein. An N-glycosylation site Was predicted at aa 
75-78. Protein kinase C phosphorylation sites Were pre 
dicted at aa 97-99, 172-174, and 252-254. Casein kinase II 
phosphorylation sites Were predicted at aa 224-227, 235 
238, and 248-251. N-myristoylation sites Were predicted at 
aa 66-71, 115-120, 175-180, 186-191, 258-263, and 327 
332. An amidation site Was predicted at aa 66-69. 

[0043] The human DGAT2 family member sequence 
112037 (SEQ ID NO: 61), is a partial sequence approxi 
mately 712 nucleotides long, contains a predicted coding 
sequence of about 711 nucleotides (nucleotides 2-712 of 
SEQ ID NO: 61) The coding sequence encodes a 236 amino 
acid protein (SEQ ID NO: 62). The molecule may have 
transmembrane segments from amino acids (aa) 22-42 and 
49-73, as predicted by MEMSAT. Prosite program analysis 
Was used to predict various sites Within the 112037 protein. 
AProtein kinase C phosphorylation sites Was predicted at aa 
4-6. A Casein kinase II phosphorylation sites Was predicted 
at aa 116-119. N-myristoylation sites Were predicted at aa 
8-13, 26-31, 68-73, and 84-89. An amidation site Was 
predicted at aa 156-159. 

[0044] The DGAT2 family member sequence of 58765 
identi?ed tWo splice variant sequences including 58765 
(SEQ ID NO: 1), Which is approximately 1005 nucleotides 
long, encodes a 334 amino acid protein (SEQ ID NO: 2). The 
molecule may have dileucine motifs in the tail at about 
amino acids (aa) 41-42, 48-49, 180-181, and 201-202, as 
predicted by PSORT. The molecule may have transmem 
brane segments from amino acids (aa) 38-59 and 103-119 as 
predicted by MEMSAT. Prosite program analysis Was used 
to predict various sites Within the 86606 protein. N-glyco 
sylation sites Were predicted at aa 237-240. Protein kinase C 
phosphorylation sites Were predicted at aa 163-165. Casein 
kinase II phosphorylation sites Were predicted at aa 163-166, 
225-228, and 297-300. N-myristoylation sites Were pre 
dicted at aa 116-121, 159-164, 178-183, and 187-192. The 
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58765 protein possesses a SMART plsci2 domain, from 
about aa 111 to about aa 228, as predicted by HMMer, 
Version 2.1.1. The plsc domain is believed to function in 
phospholipid biosynthesis and is characteristic of proteins 
having glycerolphosphate, 1-acylglycerolphosphate, or 
2-acylglycerolphosphoethanolamine acyltransferase activi 
ties. In addition, the 58765 protein possess a PFAM acyl 
transferase domain, from about aa 104 to about aa 296, as 
predicted by HMMer, Version 2.1.1. 

[0045] Additionally, 58765short (SEQ ID NO: 3), Which is 
approximately 855 nucleotides long, encodes a 284 amino 
acid protein (SEQ ID NO: 4). The molecule may have 
transmembrane segments from amino acids (aa) 38-59 and 
103-119 as predicted by MEMSAT. Dileucine motifs may be 
present in the tail at aa 41-42, 48-49, 180-181, and 201-202, 
as predicted by PSORT. Prosite program analysis Was used 
to predict various sites Within the 58765short protein. A 
cAMP and cGMP dependent protein kinase phosphorylation 
site Was predicted at aa 277-280. Protein kinase C phospho 
rylation sites Were predicted at aa 163-165, 221-223, and 
258-260. Casein kinase II phosphorylation sites Were pre 
dicted at aa 163-166, and 244-247. N-myristoylation sites 
Were predicted at aa 116-121, 159-164, 178-183, 187-192, 
227-232, and 238-243. An ATP/GTP binding site motif Was 
predicted at aa 217-224. 

[0046] The DGAT2 family member sequence 112023 
(SEQ ID NO: 13), Which is approximately 1279 nucleotides 
long including untranslated regions, contains a predicted 
methionine-initiated coding sequence of about 986 nucle 
otides (nucleotides 42-1028 of SEQ ID NO: 13) The coding 
sequence encodes a 328 amino acid protein (SEQ ID NO: 
14. The molecule may have transmembrane segments from 
about amino acids (aa) 13-29, 36-54, 98-116 and 165-183 as 
predicted by MEMSAT. Dileucine motifs may be present in 
the tail at aa 15-16, as predicted by PSORT. Prosite program 
analysis Was used to predict various sites Within the 112023 
protein. A protein kinase C phosphorylation site Was pre 
dicted at aa 322-324. Acasein kinase II phosphorylation site 
Was predicted at aa 219-222. N-myristoylation sites Were 

predicted at aa 62-67, 111-116, 172-177, 181-186, 257-262, 
and 318-323. An amidation site Was predicted at aa 62-65. 

[0047] The DGAT2 family member sequence 112024 
(SEQ ID NO: 17), Which is approximately 1720 nucleotides 
long including untranslated regions, contains a predicted 
methionine-initiated coding sequence of about 1001 nucle 
otides (nucleotides 1-1002 of SEQ ID NO: 17) The coding 
sequence encodes a 333 amino acid protein (SEQ ID NO: 
18). The molecule may have transmembrane segments from 
about amino acids (aa) 37-58, and 130-150 as predicted by 
MEMSAT. Dileucine motifs may be present in the tail at aa 
26-27, 90-91, 170-171, and 272-273, as predicted by 
PSORT. An N-glycosylation sites Was predicted at aa 204 
207. A cAMP and cGMP dependent protein kinase phos 
phorylation site Was predicted at aa 68-71. Protein kinase C 
phosphorylation sites Were predicted at aa 5-7, and 172-174. 
Casein kinase II phosphorylation sites Were predicted at aa 
5-8, 11-14, and 165-168. N-myristoylation sites Were pre 
dicted at aa 186-191, 239-244, and 323-328. An amidation 
site Was predicted at aa 66-69. The 112024 protein possesses 
a SMART plsci2 domain, from about aa 118 to about aa 
314, as predicted by HMMer, Version 2.1.1. The plsc 
domain is believed to function in phospholipid biosynthesis 
and is characteristic of proteins having glycerolphosphate, 1 
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-acylglycerolphosphate, or 2-acylglycerolphosphoethanola 
mine acyltransferase activities. The 112024 protein pos 
sesses a PFAM acyltransferase domain, from about aa 103 to 
about aa 227, as predicted by HMMer, Version 2.1.1. 

[0048] The DGAT2 family member sequence hDC2 (SEQ 
ID NO: 21), Which is approximately 1093 nucleotides long 
including untranslated regions, contains a predicted 
methionine-initiated coding sequence of about 1004 nucle 
otides (nucleotides 49-1053 of SEQ ID NO: 21) The coding 
sequence encodes a 334 amino acid protein (SEQ ID NO: 
22). The molecule may have transmembrane segments from 
amino acids (aa) 19-43, 131-151 and 209-227 as predicted 
by MEMSAT. Prosite program analysis Was used to predict 
various sites Within the hDC2 protein. N-glycosylation sites 
Were predicted at aa 76-79, 120-123, 124-127, and 179-182. 
A cAMP and cGMP dependent protein kinase phosphory 
lation site Was predicted at aa 69-72. Protein kinase C 
phosphorylation sites Were predicted at aa 164-166, and 
275-277. Casein kinase II phosphorylation sites Were pre 
dicted at aa 225-228, and 307-310. N-myristoylation sites 
Were predicted at aa 67-72, 116-121, 177-182, and 187-192. 
An amidation site Was predicted at aa 67-70. 

[0049] In one embodiment, a DGAT2 family member 
molecule may include a signal sequence. As used herein, a 
“signal sequence” refers to a peptide of about 10-80 amino 
acid residues in length Which occurs at the N-terminus of 
secretory and integral membrane proteins and Which con 
tains a majority of hydrophobic amino acid residues. For 
example, a signal sequence contains at least about 20-60 
amino acid residues, preferably about 30-50 amino acid 
residues, more preferably about 37 amino acid residues, and 
has at least about 40-70%, preferably about 50-65%, and 
more preferably about 55-60% hydrophobic amino acid 
residues (e.g., alanine, valine, leucine, isoleucine, phenyla 
lanine, tyrosine, tryptophan, or proline). Such a “signal 
sequence”, also referred to in the art as a “signal peptide”, 
serves to direct a protein containing such a sequence to a 
lipid bilayer. For example, in certain embodiments, a 
DGAT2 family member protein may contain a signal 
sequence of about amino acids 1-68 of SEQ ID NO: 8, 1-65 
of SEQ ID NO: 20, 1-55 of SEQ ID NO: 2, 1-55 of SEQ ID 
NO: 4, 1-49 of SEQ ID NO: 14, 1-58 of SEQ ID NO: 18, or 
1-63 of SEQ ID NO: 22. The “signal sequence” is cleaved 
during processing of the mature protein. In such embodi 
ments, the mature DGAT2 family member protein corre 
sponds to amino acids acids 69-341 of SEQ ID NO: 8, 
66-337 of SEQ ID NO: 20, 56-334 of SEQ ID NO: 2, 56-284 
of SEQ ID NO: 4, 50-112023 of SEQ ID NO: 14, 59-333 of 
SEQ ID NO: 18, or 64-334 of SEQ ID NO: 22. 

[0050] Based on DGAT2 family member protein 
sequence, cellular localiZation signals can be identi?ed by 
methods knoWn to one of skill in the art (e.g., PSORT 
Prediction). Subcellular localiZation of a DGAT2 family 
member, generated using PSORT Prediction softWare. Pre 
dicted transmembrane domains may be identi?ed by ORF 
analysis With MEMSAT. 

[0051] For general information regarding PSORT, Prosite 
and PFAM identi?ers, PS pre?x and PF pre?x domain 
identi?cation numbers, refer to Sonnhammer et al. (1997) 
Protein 28:405-420 and http//WWW.psc.edu/general/soft 
Ware/packages/pfam/pfam.html. 
[0052] The DGAT2 family member protein contains a 
signi?cant number of structural characteristics in common 
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TABLE l-continued 
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Sequence alignment of human DGAT2 family members 

86606 GKNAVTLRNR KGFVKLALRH GADLVPIYSF GENEVYKQVI FEEGSWGRWV 
587655 GSFTLLLRNR KGFVRLALTH GYQASGKSTL G . . . . . .SVG NWQG. . .FYF 

58765 GSFTLLLRNR KGFVRLALTH GAPLVPIFSF GENDLFDQIP NSSGSWLRYI 

112037 QEALRP. . . . LLSVALQLFL GRR . . . . . .G LPLPFRAPIR TVVGSAIPVQ 

60489 QLTFKK. . . . LMGFSPCIFW GRGLFSATSW GLLPFAVPIT TVVGRPIPVP 

DC2 QNKLQK. . . . IMGFALPLFH ARG.VFQYNF GLMTYRKAIH TVVGRPIPVR 

112041 QKTFQDTFKK ILGLNFCTFH GRG.FTRGSW GFLPFNRPIT TVVGEPLPIP 
112024 QKWFQS. . . . MVHIYPCAFY GRG.FTKNSW GLLPYSRPVT TIVGEPLPMP 

112023 QSCFRR. . . . IFGFYCCVFY GQS .FCQGST GLLPYSRPIV TVVGEPLPLP 

86606 QKKFQK. . . . YIGFAPCIFH GRGLFSSDTW GLVPYSKPIT TVVGEPITIP 

587655 GGKMAE. . . . TNADSI . . . . . . . . . . . . . . .LVEIFSPFT IKIIFWCLMP 

58765 QNRLQK. . . . IMGISLPLFH GRG.VFQYSF GLIPYRRPIT TVVGKPIEVQ 

112037 QSPPPSPAQV DTLQARYVGR LTQLFEEHQA RYGVPADRHL VLTEARPTAW PRLSAG 
60489 QRLHPTEEEV NHYHALYMTA LEQLFEEHKE SCGVPASTCL TFI . . . . . . . . . . . . . 

DC2 QTLNPTQEQI EELHQTYMEE LRKLFEEHKG KYGIPEHETL VLK . . . . . . . . . . . . . 

112041 RIKRPNQKTV DKYHALYISA LRKLFDQHKV EYGLPETQEL TIT . . . . . . . . . . . . . 

112024 KIENPSQEIV AKYHTLYIDA LRKLFDQHKT KFGISETQEL EII . . . . . . . . . . . . . 

112023 QIEKPSQEMV DKYHALYMDA LDKLFDQHKT HYGCSETQKL FFL . . . . . . . . . . . . . 

86606 KLEHPTQQDI DLYHTMYMEA LVKLFDKHKT KFGLPETEVL EVN . . . . . . . . . . . . . 

587655 KYLEKFP. . . . . . .QRRLSD LRN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

58765 KTLHPSEEEV NQLHQRYIKE LCNLFEAHKL KFNIPADQHL EFC . . . . . . . . . . . . . 

[0054] The percent identity of the DGAT2 family mem 
bers ranges from 33% identity (e.g., 112024 and 58765s 
share 33% identity) to 75% identity (e.g., 58765 short and 
long forms share 75% identity). The majority of the full 
length sequences share betWeen 44% to 51% identity (e.g., 
112041 and 60489; 112023 and 60489; as Well as 86606 and 
58765 share 44% identity; 112041 and 112024, 112041 and 
112023, 112024 and 112023, 112023 and 86606 share 51% 
identy) over their entire lengths. The most closely related 
full length human family members are 58765 and DC2, 
Which share 52% identity over their entire lengths. 

[0055] In one embodiment, a DGAT2 family member 
protein includes at least one transmembrane domain. As 
used herein, the term “transmembrane domain” includes an 
amino acid sequence of about 15 amino acid residues in 
length that spans a phospholipid membrane. More prefer 
ably, a transmembrane domain includes about at least 16, 17, 
18, 20, 21, 22, 23, or 24 amino acid residues and spans a 
phospholipid membrane. Transmembrane domains are rich 
in hydrophobic residues, and typically have an ot-helical 
structure. In a preferred embodiment, at least 50%, 60%, 
70%, 80%, 90%, 95% or more of the amino acids of a 
transmembrane domain are hydrophobic, e.g., leucines, iso 
leucines, tyrosines, or tryptophans. Transmembrane 
domains are described in, for example, http://pfam.Wus 
tl.edu/cgi-bin/getdesc?name=7tm-1, and Zagotta W. N. et 
al., (1996) Annual Rev. Neuronsci. 19: 235-63, the contents 
of Which are incorporated herein by reference. 

[0056] In a preferred embodiment, a DGAT2 family mem 
ber polypeptide or protein has at least one transmembrane 
domain or a region Which includes at least 16, 17, 18, 20, 21, 
22, 23, or 24 amino acid residues and has at least about 60%, 
70% 80% 90% 95%, 99%, or 100% homology With a 
“transmembrane domain,” e.g., at least one transmembrane 
domain of human DGAT2 family member. 

[0057] In another embodiment, a DGAT 2 family member 
protein includes at least one “non-transmembrane domain.” 
As used herein, “non-transmembrane domains” are domains 

that reside outside of the membrane. When referring to 
plasma membranes, non-transmembrane domains include 
extracellular domains (i.e., outside of the cell) and intracel 
lular domains (i.e., Within the cell). When referring to 
membrane-bound proteins found in intracellular organelles 
(e.g., mitochondria, endoplasmic reticulum, peroxisomes 
and microsomes), non-transmembrane domains include 
those domains of the protein that reside in the cytosol (i.e., 
the cytoplasm), the lumen of the organelle, or the matrix or 
the intermembrane space (the latter tWo relate speci?cally to 
mitochondria organelles). The C-terminal amino acid resi 
due of a non-transmembrane domain is adjacent to an 
N-terminal amino acid residue of a transmembrane domain 
in a naturally-occurring DGAT2 family member, or DGAT2 
family member-like protein. 

[0058] In a preferred embodiment, a DGAT2 family mem 
ber polypeptide or protein has a “non-transmembrane 
domain” or a region Which includes at least about 1-100, 
preferably about 2-80, more preferably about 5 -70, and even 
more preferably about 8-65 amino acid residues, and has at 
least about 60%, 70% 80% 90% 95%, 99% or 100% 
homology With a “non-transmembrane domain”, e.g., a 
non-transmembrane domain of human DGAT2 family mem 
ber. Preferably, a non-transmembrane domain is capable of 
catalytic activity. 
[0059] As the DGAT 2 family member polypeptides of the 
invention may modulate DGAT2 family member-mediated 
activities (e.g., triglyceride synthesis), they may be useful 
for developing novel diagnostic and therapeutic agents for 
DGAT2 family member-mediated or related disorders (e.g., 
obesity, triglyceride de?ciency), as described beloW. 

[0060] As used herein, a “DGAT2 family member activ 
ity”, “biological activity of DGAT2 family member” or 
“functional activity of DGAT2 family member”, refers to an 
activity exerted by a DGAT2 family member protein, 
polypeptide or nucleic acid molecule on e.g., a DGAT2 
family member-responsive cell or on a DGAT2 family 
member substrate, e.g., a diacylglycerol substrate, as deter 
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mined in vivo or in vitro. In one embodiment, a DGAT2 
family member activity is a direct activity, such as an 
association With a DGAT2 family member target molecule. 
A “target molecule” or “binding partner” is a molecule With 
Which a DGAT2 family member protein binds or interacts in 
nature (e.g., diacylglycerol, acyl-coA). A DGAT2 family 
member activity can also be an indirect activity, e.g., accu 
mulation of fat stores as result of the DGAT2 family member 
activity. 

[0061] The DGAT2 family member molecules of the 
present invention are predicted to have similar biological 
activities as DGAT2 family members. For example, the 
DGAT2 family member proteins of the present invention can 
have one or more of the folloWing activities: (1) regulating, 
sensing and/or producing triglycerides in a cell, (for 
example, a fat cell (e.g., an adipocyte), a liver cell (e.g., a 
hepatocyte), a small intestine cell); (2) interacting With (e.g., 
binding to) a diglyceride molecule; (3) mobiliZing an intra 
cellular molecule that participates in a triglyceride biosyn 
thesis (e.g., diacylglycerol or acyl-coA); (4) regulating dig 
lyceride utiliZation; (5) altering the structure or components 
of a cell (e.g., and adipocyte); and (6) modulating cell 
proliferation; migration, cell differentiation; and cell sur 
vival. Thus, the DGAT 2 family member molecules can act 
as novel diagnostic targets and therapeutic agents for con 
trolling DGAT2 family member-related disorders (e.g., obe 
sity and related disorders). Other activities, as described 
beloW, include the ability to modulate function, survival, 
morphology, proliferation and/or differentiation of cells of 
tissues in Which DGAT2 family member molecules are 
expressed (e.g., adipocytes). 

[0062] The response mediated by a DGAT2 family mem 
ber receptor protein depends on the type of cell. For 
example, in some cells, binding of a ligand to the receptor 
protein may stimulate an activity such as release of com 
pounds, gating of a channel, cellular adhesion, migration, 
differentiation, etc., through phosphatidylinositol or cyclic 
AMP metabolism and turnover While in other cells, the 
binding of the ligand Will produce a different result. Regard 
less of the cellular activity/response modulated by the pro 
tein, it is universal that the protein is a DGAT2 family 
member and interacts With substrate (e.g., acyl-coA, acylg 
lycerol) to produce triacylglycerol in a cell. As used herein, 
a “triacylglycerol biosynthesis” or “triglyceride biosynthe 
sis” refers to the modulation (e.g., stimulation or inhibition) 
of a cellular function/activity upon the binding of a substrate 
to the DGAT2 family member (DGAT2 family member 
protein). Examples of such functions include mobiliZation of 
lipid in adipocytes, production of fat stores. 

[0063] Based on the above-described sequence similari 
ties, the DGAT2 family member molecules of the present 
invention are predicted to have similar biological activities 
as diacylglycerol transferase,family members. Thus, the 
DGAT2 family member molecules can act as novel diag 
nostic targets and therapeutic agents for controlling one or 
more of disorders associated With adipocyte differentiation 
and metabolism and metabolic disorders, cardiovascular 
disorders, liver disorders, cellular proliferative and/or dif 
ferentiative disorders, or viral diseases. 

[0064] The present invention is based, at least in part, on 
the discovery that the DGAT2 family member nucleic acid 
and polypeptide molecules are expressed at high levels in 
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adipose, liver, small intestine tissue, are regulated during 
conditions Which affect differentiation and metabolism of 
adipocytes, and are doWnregulated in genetic animal models 
of obesity (see Examples and Tables described herein). 
Without intending to be limited by mechanism, it is believed 
that DGAT2 family member molecules can modulate the 
metabolism by (directly or indirectly) affecting the rate of 
lipogenesis and/or lipolysis, and production and mainte 
nance of fat storage in mammals. 

[0065] As used herein, the term “metabolic disorder” 
includes a disorder, disease or condition Which is caused or 
characteriZed by an abnormal metabolism (i.e., the chemical 
changes in living cells by Which energy is provided for vital 
processes and activities) in a subject. Metabolic disorders 
include diseases, disorders, or conditions associated With 
aberrant thermogenesis or aberrant adipose cell (e.g., broWn 
or White adipose cell) content or function. Metabolic disor 
ders can be characteriZed by a misregulation (e.g., doWn 
regulation or upregulation) of DGAT2 family member activ 
ity. Metabolic disorders can detrimentally affect cellular 
functions such as cellular proliferation, groWth, differentia 
tion, or migration, cellular regulation of homeostasis, inter 
or intra-cellular communication; tissue function, such as 
liver function, muscle function, or adipocyte function; sys 
temic responses in an organism, such as hormonal responses 
(e.g., insulin response). Examples of metabolic disorders 
include obesity, diabetes (e.g., diabetes insipidus, diabetes 
mellitus (type I), diabetes mellitus (type II)), endocrine 
abnormalities, triglyceride storage disease, Bardet-Biedl 
syndrome, LaWrence-Moon syndrome, and Prader-Labhart 
Willi syndrome. Obesity is de?ned as a body mass index 
(BMI) of 30 kg/2m or more (National Institute of Health, 
Clinical Guidelines on the Identi?cation, Evaluation, and 
Treatment of OverWeight and Obesity in Adults (1998)). 
HoWever, the present invention is also intended to include a 
disease, disorder, or condition that is characteriZed by a body 
mass index (BMI) of 25 kg/2m or more, 26 kg/2m or more, 
27 kg/Zm or more, 28 kg/2m or more, 29 kg/Zm or more, 29.5 
kg/2m or more, or 29.9 kg/2m or more, all of Which are 
typically referred to as overWeight (National Institute of 
Health, Clinical Guidelines on the Identi?cation, Evaluation, 
and Treatment of OverWeight and Obesity in Adults (1998)). 
Additional metabolic disorders include lipid disorders (e.g., 
familial hypercholesteroliemia, polygenic hypercholestero 
liemia, familial hypertriglyceridemia, familial lipoprotein 
lipase de?ciency, combined hyperlipidemia, dysbetalipopro 
teinemia, sitosterolemia, Tangier disease, hypobetalipopro 
teinemia, lecithinzcholesterol acyltransferase (LCAT) de? 
ciency, and cerebrotendinous xanthomatosis) and toxic and 
acquired metabolic diseases. 

[0066] As used herein, disorders involving the heart, or 
“cardiovascular disease” or a “cardiovascular disorder” 
includes a disease or disorder Which affects the cardiovas 
cular system, e.g., the heart, the blood vessels, and/or the 
blood. A cardiovascular disorder can be caused by an 
imbalance in arterial pressure, a malfunction of the heart, or 
an occlusion of a blood vessel, e.g., by a thrombus. A 
cardiovascular disorder includes, but is not limited to dis 
orders such as arteriosclerosis, atherosclerosis, cardiac 
hypertrophy, ischemia reperfusion injury, restenosis, arterial 
in?ammation, vascular Wall remodeling, ventricular remod 
eling, rapid ventricular pacing, coronary microembolism, 
tachycardia, bradycardia, pressure overload, aortic bending, 
coronary artery ligation, vascular heart disease, valvular 
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disease, including but not limited to, valvular degeneration 
caused by calci?cation, rheumatic heart disease, endocardi 
tis, or complications of arti?cial valves; atrial ?brillation, 
long-QT syndrome, congestive heart failure, sinus node 
dysfunction, angina, heart failure, hypertension, atrial ?bril 
lation, atrial ?utter, pericardial disease, including but not 
limited to, pericardial effusion and pericarditis; cardiomyo 
pathies, e.g., dilated cardiomyopathy or idiopathic cardi 
omyopathy, myocardial infarction, coronary artery disease, 
coronary artery spasm, ischemic disease, arrhythmia, sudden 
cardiac death, and cardiovascular developmental disorders 
(e.g., arteriovenous malformations, arteriovenous ?stulae, 
raynaud’s syndrome, neurogenic thoracic outlet syndrome, 
causalgia/re?ex sympathetic dystrophy, hemangioma, aneu 
rysm, cavernous angioma, aortic valve stenosis, atrial septal 
defects, atrioventricular canal, coarctation of the aorta, 
ebsteins anomaly, hypoplastic left heart syndrome, interrup 
tion of the aortic arch, mitral valve prolapse, ductus arte 
riosus, patent foramen ovale, partial anomalous pulmonary 
venous return, pulmonary atresia With ventricular septal 
defect, pulmonary atresia Without ventricular septal defect, 
persistance of the fetal circulation, pulmonary valve steno 
sis, single ventricle, total anomalous pulmonary venous 
return, transposition of the great vessels, tricuspid atresia, 
truncus arteriosus, ventricular septal defects). A cardiovas 
cular disease or disorder also can include an endothelial cell 
disorder. 

[0067] As used herein, “liver disorders” Which can be 
treated or diagnosed by methods described herein include, 
but are not limited to, disorders associated With an accumu 
lation in the liver of ?brous tissue, such as that resulting 
from an imbalance betWeen production and degradation of 
the extracellular matrix accompanied by the collapse and 
condensation of preexisting ?bers. The methods described 
herein can be used to diagnose or treat hepatocellular 
necrosis or injury induced by a Wide variety of agents 
including processes Which disturb homeostasis, such as an 
in?ammatory process, tissue damage resulting from toxic 
injury or altered hepatic blood ?oW, and infections (e.g., 
bacterial, viral and parasitic). For example, the methods can 
be used for the early detection of hepatic injury, such as 
portal hypertension or hepatic ?brosis. In addition, the 
methods can be employed to detect liver ?brosis attributed 
to inborn errors of metabolism, for example, ?brosis result 
ing from a storage disorder such as Gaucher’s disease (lipid 
abnormalities) or a glycogen storage disease, A1-antitrypsin 
de?ciency; a disorder mediating the accumulation (e.g., 
storage) of an exogenous substance, for example, hemochro 
matosis (iron-overload syndrome) and copper storage dis 
eases (Wilson’s disease), disorders resulting in the accumu 
lation of a toxic metabolite (e.g., tyrosinemia, fructosemia 
and galactosemia) and peroxisomal disorders (e.g., Zell 
Weger syndrome). Additionally, the methods described 
herein can be used for the early detection and treatment of 
liver injury associated With the administration of various 
chemicals or drugs, such as for example, methotrexate, 
isoniZaid, oxyphenisatin, methyldopa, chlorpromaZine, tolb 
utamide or alcohol, or Which represents a hepatic manifes 
tation of a vascular disorder such as obstruction of either the 
intrahepatic or extrahepatic bile ?oW or an alteration in 
hepatic circulation resulting, for example, from chronic 
heart failure, veno-occlusive disease, portal vein thrombosis 
or Budd-Chiari syndrome. 
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[0068] Additionally, DGAT2 family member molecules 
can play an important role in the etiology of certain viral 
diseases, including but not limited to Hepatitis B, Hepatitis 
C and Herpes Simplex Virus (HSV). Modulators of DGAT2 
family member activity could be used to control viral 
diseases. The modulators can be used in the treatment and/or 
diagnosis of viral infected tissue or virus-associated tissue 
?brosis, especially liver and liver ?brosis. Also, DGAT2 
family member modulators can be used in the treatment 
and/or diagnosis of virus-associated carcinoma, especially 
hepatocellular cancer. 

[0069] As used interchangeably herein, “DGAT2 family 
member activity,”“biological activity of DGAT2 family 
member” or “functional activity of DGAT2 family member,” 
includes an activity exerted by a DGAT2 family member 
protein, polypeptide or nucleic acid molecule on a DGAT2 
family member responsive cell or tissue, e.g., adipocytes, or 
on a DGAT2 family member protein substrate, e.g., diacylg 
lycerol, as determined in vivo, or in vitro, according to 
standard techniques. DGAT2 family member-mediated 
function can include modulation of metabolism. Examples 
of such target molecules include proteins in the same bio 
synthetic path as the DGAT 2 family member protein, e.g., 
proteins Which may function upstream (including both 
stimulators and inhibitors of activity) or doWnstream of the 
DGAT2 family member protein in a pathWay involving 
regulation of metabolism. The biological activities of 
DGAT2 family member proteins can have one or more of the 
folloWing activities: 1) modulation of fat homeostasis; 2) 
modulation of lipogenesis (e.g., fat deposition necessary for 
heat insulation, mechanical cushion, and/or storage); 3) 
modulation of lipolysis (e.g., fat mobiliZation necessary as 
an energy source and/or for thermogenesis); and 4) modu 
lation of adipocyte groWth (e.g., hyperplastic and/or hyper 
trophic groWth). 

[0070] As used herein, “metabolic activity” includes an 
activity exerted by an adipose cell, or an activity that takes 
place in an adipose cell. For example, such activities include 
cellular processes that contribute to the physiological role of 
adipose cells, such as lipogenesis and lipolysis and include, 
but are not limited to, cell proliferation, differentiation, 
groWth, migration, programmed cell death, uncoupled mito 
chondrial respiration, and thermogenesis. 

[0071] The DGAT2 family member proteins, fragments 
thereof, and derivatives and other variants of the sequences 
in SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID 
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, 
SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID 
NO: 22, SEQ ID NO: 24, or SEQ ID NO: 62 are collectively 
referred to as “polypeptides or proteins of the invention” or 
“DGAT 2 family member polypeptides or proteins”. Nucleic 
acid molecules encoding such polypeptides or proteins are 
collectively referred to as “nucleic acids of the invention” or 
“DGAT 2 family member nucleic acids.” DGAT2 family 
member molecules refer to DGAT2 family member nucleic 
acids, polypeptides, and antibodies. 

[0072] As used herein, the term “nucleic acid molecule” 
includes DNA molecules (e.g., a cDNA or genomic DNA) 
and RNA molecules (e.g., an mRNA) and analogs of the 
DNA or RNA generated, e.g., by the use of nucleotide 
analogs. The nucleic acid molecule can be single-stranded or 
double-stranded, but preferably is double-stranded DNA. 
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[0073] The term “isolated or puri?ed nucleic acid mol 
ecule” includes nucleic acid molecules Which are separated 
from other nucleic acid molecules Which are present in the 
natural source of the nucleic acid. For example, With regards 
to genomic DNA, the term “isolated” includes nucleic acid 
molecules Which are separated from the chromosome With 
Which the genomic DNA is naturally associated. Preferably, 
an “isolated” nucleic acid is free of sequences Which natu 
rally ?ank the nucleic acid (i.e., sequences located at the 5‘ 
and/or 3‘ ends of the nucleic acid) in the genomic DNA of 
the organism from Which the nucleic acid is derived. For 
example, in various embodiments, the isolated nucleic acid 
molecule can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 
1 kb, 0.5 kb or 0.1 kb of 5‘ and/or 3‘ nucleotide sequences 
Which naturally ?ank the nucleic acid molecule in genomic 
DNA of the cell from Which the nucleic acid is derived. 
Moreover, an “isolated” nucleic acid molecule, such as a 
cDNA molecule, can be substantially free of other cellular 
material, or culture medium When produced by recombinant 
techniques, or substantially free of chemical precursors or 
other chemicals When chemically synthesiZed. 

[0074] As used herein, the term “hybridiZes under strin 
gent conditions” describes conditions for hybridiZation and 
Washing. Stringent conditions are knoWn to those skilled in 
the art and can be found in Current Protocols in Molecular 
Biology, John Wiley & Sons, NY. (1989), 63.1-63.6. 
Aqueous and nonaqueous methods are described in that 
reference and either can be used. A preferred, example of 
stringent hybridiZation conditions are hybridiZation in 6><so 
dium chloride/sodium citrate (SSC) at about 45° C., fol 
loWed by one or more Washes in 0.2><SSC, 0.1% SDS at 50° 
C. Another example of stringent hybridiZation conditions are 
hybridiZation in 6><sodium chloride/sodium citrate (SSC) at 
about 45° C., folloWed by one or more Washes in 0.2><SSC, 
0.1% SDS at 55° C. A further example of stringent hybrid 
iZation conditions are hybridiZation in 6><sodium chloride/ 
sodium citrate (SSC) at about 45° C., folloWed by one or 
more Washes in 0.2><SSC, 0.1% SDS at 60° C. Preferably, 
stringent hybridiZation conditions are hybridiZation in 6><so 
dium chloride/sodium citrate (SSC) at about 45° C., fol 
loWed by one or more Washes in 0.2><SSC, 0.1% SDS at 65° 
C. Particularly preferred stringency conditions (and the 
conditions that should be used if the practitioner is uncertain 
about What conditions should be applied to determine if a 
molecule is Within a hybridiZation limitation of the inven 
tion) are 0.5M Sodium Phosphate, 7% SDS at 65° C., 
folloWed by one or more Washes at 0.2><SSC, 1% SDS at 65° 
C. Preferably, an isolated nucleic acid molecule of the 
invention that hybridiZes under stringent conditions to the 
sequence of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, 
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID 
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, 
SEQ ID NO: 21, SEQ ID NO: 23, or SEQ ID NO: 61, 
corresponds to a naturally-occurring nucleic acid molecule. 

[0075] As used herein, a “naturally-occurring” nucleic 
acid molecule refers to an RNA or DNA molecule having a 
nucleotide sequence that occurs in nature (e.g., encodes a 
natural protein). 

[0076] As used herein, the terms “gene” and “recombinant 
gene” refer to nucleic acid molecules Which include an open 
reading frame encoding a DGAT2 family member protein, 
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preferably a mammalian DGAT2 family member protein, 
and can further include non-coding regulatory sequences, 
and introns. 

[0077] An “isolated” or “puri?ed” polypeptide or protein 
is substantially free of cellular material or other contami 
nating proteins from the cell or tissue source from Which the 
protein is derived, or substantially free from chemical pre 
cursors or other chemicals When chemically synthesiZed. In 
one embodiment, the language “substantially free” means 
preparation of DGAT2 family member protein having less 
than about 30%, 20%, 10% and more preferably 5% (by dry 
Weight), of non-DGAT2 family member protein (also 
referred to herein as a “contaminating protein”), or of 
chemical precursors or non-DGAT2 family member chemi 
cals. When the DGAT2 family member protein or biologi 
cally active portion thereof is recombinantly produced, it is 
also preferably substantially free of culture medium, i.e., 
culture medium represents less than about 20%, more pref 
erably less than about 10%, and most preferably less than 
about 5% of the volume of the protein preparation. The 
invention includes isolated or puri?ed preparations of at 
least 0.01, 0.1, 1.0, and 10 milligrams in dry Weight. 

[0078] A “non-essential” amino acid residue is a residue 
that can be altered from the Wild-type sequence of DGAT2 
family member(e.g., the sequence of SEQ ID NO: 7, SEQ ID 
NO: 19, or SEQ ID NO: 61 Without abolishing or more 
preferably, Without substantially altering a biological activ 
ity, Whereas an “essential” amino acid residue results in such 
a change. For example, amino acid residues that are con 
served among the polypeptides of the present invention, are 
predicted to be particularly unamenable to alteration. 

[0079] A “conservative amino acid substitution” is one in 
Which the amino acid residue is replaced With an amino acid 
residue having a similar side chain. Families of amino acid 
residues having similar side chains have been de?ned in the 
art. These families include amino acids With basic side 
chains (e.g., lysine, arginine, histidine), acidic side chains 
(e.g., aspartic acid, glutamic acid), uncharged polar side 
chains (e.g., glycine, asparagine, glutamine, serine, threo 
nine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, 
valine, leucine, isoleucine, proline, phenylalanine, methion 
ine, tryptophan), beta-branched side chains (e.g., threonine, 
valine, isoleucine) and aromatic side chains (e.g., tyrosine, 
phenylalanine, tryptophan, histidine). Thus, a predicted non 
essential amino acid residue in a DGAT2 family member 
protein is preferably replaced With another amino acid 
residue from the same side chain family. Alternatively, in 
another embodiment, mutations can be introduced randomly 
along all or part of a DGAT2 family member coding 
sequence, such as by saturation mutagenesis, and the result 
ant mutants can be screened for DGAT2 family member 
biological activity to identify mutants that retain activity. 
FolloWing mutagenesis of a DGAT2 family member nucle 
otide sequence of the invention, the encoded protein can be 
expressed recombinantly and the activity of the protein can 
be determined. 

[0080] As used herein, a “biologically active portion” of a 
DGAT2 family member protein includes a fragment of a 
DGAT2 family member protein Which participates in an 
interaction betWeen a DGAT2 family member molecule and 
a non-DGAT2 family member molecule. Biologically active 
portions of a DGAT2 family member protein include pep 



US 2003/0170691 A1 

tides comprising amino acid sequences suf?ciently homolo 
gous to or derived from the amino acid sequence of the 
DGAT2 family member protein, e.g., the amino acid 
sequence shoWn in SEQ ID NO: 8, SEQ ID NO: 20, or SEQ 
ID NO: 62 Which include less amino acids than the full 
length DGAT2 family member proteins, and exhibit at least 
one activity of a DGAT2 family member protein. Typically, 
biologically active portions comprise a domain or motif With 
at least one activity of the DGAT2 family member protein, 
e.g., diacylglycerol acyltransferase activity. A biologically 
active portion of a DGAT2 family member protein can be a 
polypeptide Which is, for example, 10, 25, 50, 100, 200 or 
more amino acids in length. Biologically active portions of 
a DGAT2 family member protein can be used as targets for 
developing agents Which modulate a DGAT2 family mem 
ber mediated activity, e.g., diacylglycerol acyltransferase 
activity. 
[0081] Calculations of homology or sequence identity 
betWeen sequences (the terms are used interchangeably 
herein) are performed as folloWs. 

[0082] To determine the percent identity of tWo amino 
acid sequences, or of tWo nucleic acid sequences, the 
sequences are aligned for optimal comparison purposes 
(e.g., gaps can be introduced in one or both of a ?rst and a 
second amino acid or nucleic acid sequence for optimal 
alignment and non-homologous sequences can be disre 
garded for comparison purposes). In a preferred embodi 
ment, the length of a reference sequence aligned for com 
parison purposes is at least 30%, preferably at least 40%, 
more preferably at least 50%, even more preferably at least 
60%, and even more preferably at least 70%, 80%, 90%, 
100% of the length of the reference sequence amino acid 
residues are aligned. The amino acid residues or nucleotides 
at corresponding amino acid positions or nucleotide posi 
tions are then compared. When a position in the ?rst 
sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second 
sequence, then the molecules are identical at that position (as 
used herein amino acid or nucleic acid “identity” is equiva 
lent to amino acid or nucleic acid “homology”). The percent 
identity betWeen the tWo sequences is a function of the 
number of identical positions shared by the sequences, 
taking into account the number of gaps, and the length of 
each gap, Which need to be introduced for optimal alignment 
of the tWo sequences. 

[0083] The comparison of sequences and determination of 
percent identity betWeen tWo sequences can be accom 
plished using a mathematical algorithm. In a preferred 
embodiment, the percent identity betWeen tWo amino acid 
sequences is determined using the Needleman and Wunsch 
(J. M01. Biol. (48):444-453 (1970)) algorithm Which has 
been incorporated into the GAP program in the GCG soft 
Ware package (available at http://WWW.gcg.com), using 
either a Blossum 62 matrix or a PAM250 matrix, and a gap 
Weight of 16, 14, 12, 10, 8, 6, or 4 and a length Weight of 1, 
2, 3, 4, 5, or 6. In yet another preferred embodiment, the 
percent identity betWeen tWo nucleotide sequences is deter 
mined using the GAP program in the GCG softWare package 
(available at http://WWW.gcg.com), using a NWSgapd 
na.CMP matrix and a gap Weight of 40, 50, 60, 70, or 80 and 
a length Weight of 1, 2, 3, 4, 5, or 6. Aparticularly preferred 
set of parameters (and the one that should be used if the 
practitioner is uncertain about What parameters should be 
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applied to determine if a molecule is Within a sequence 

identity or homology limitation of the invention) is using a 
Blossum 62 scoring matrix With a gap open penalty of 12, 
a gap extend penalty of 4, and a frameshift gap penalty of 5. 

[0084] The percent identity betWeen tWo amino acid or 
nucleotide sequences can be determined using the algorithm 
of E. Meyers and W. Miller (CABIOS, 4:11-17 (1989)) 
Which has been incorporated into the ALIGN program 
(version 2.0), using a PAM 120 Weight residue table, a gap 
length penalty of 12 and a gap penalty of 4. 

[0085] The nucleic acid and protein sequences described 
herein can be used as a “query sequence” to perform a search 
against public databases to, for example, identify other 
family members or related sequences. Such searches can be 
performed using the NBLAST and XBLAST programs 
(version 2.0) ofAltschul, et al., (1990) J. M01. Biol. 215:403 
10. BLAST nucleotide searches can be performed With the 
NBLAST program, score=100, Wordlength=12 to obtain 
nucleotide sequences homologous to DGAT2 family mem 
ber nucleic acid molecules of the invention. BLAST protein 
searches can be performed With the XBLAST program, 
score=50, Wordlength=3 to obtain amino acid sequences 
homologous to DGAT2 family member protein molecules of 
the invention. To obtain gapped alignments for comparison 
purposes, Gapped BLAST can be utiliZed as described in 

Altschul et al., (1997) NucleicAcia's Res. 25(17):3389-3402. 
When utiliZing BLAST and Gapped BLAST programs, the 
default parameters of the respective programs (e.g., 
XBLAST and NBLAST) can be used. See http://WW 
W.ncbi.nlm.nih.gov. 

[0086] “Misexpression or aberrant expression”, as used 
herein, refers to a non-Wild type pattern of gene expression, 
at the RNA or protein level. It includes: expression at 
non-Wild type levels, i.e., over or under expression; a pattern 
of expression that differs from Wild type in terms of the time 
or stage at Which the gene is expressed, e.g., increased or 
decreased expression (as compared With Wild type) at a 
predetermined developmental period or stage; a pattern of 
expression that differs from Wild type in terms of decreased 
expression (as compared With Wild type) in a predetermined 
cell type or tissue type; a pattern of expression that differs 
from Wild type in terms of the splicing siZe, amino acid 
sequence, post-transitional modi?cation, or biological activ 
ity of the expressed polypeptide; a pattern of expression that 
differs from Wild type in terms of the effect of an environ 
mental stimulus or extracellular stimulus on expression of 
the gene, e. g., a pattern of increased or decreased expression 
(as compared With Wild type) in the presence of an increase 
or decrease in the strength of the stimulus. 

[0087] “Subject”, as used herein, can refer to an animal, 
e.g., a human, or a non-human mammal, e.g., a mouse, a rat, 
a primate, a horse, a coW, a goat, or other animal. 

[0088] A “puri?ed preparation of cells”, as used herein, 
refers to, in the case of plant or animal cells, an in vitro 
preparation of cells and not an entire intact plant or animal. 
In the case of cultured cells or microbial cells, it consists of 
a preparation of at least 10% and more preferably 50% of the 
subject cells.10 
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[0089] Various aspects of the invention are described in 
further detail below. 

[0090] 
[0091] In one aspect, the invention provides, an isolated or 
puri?ed, nucleic acid molecule that encodes a DGAT2 
family member polypeptide described herein, e.g., a full 
length DGAT2 family member protein or a fragment thereof, 
e.g., a biologically active portion of DGAT 2 family member 
protein. Also included is a nucleic acid fragment suitable for 
use as a hybridiZation probe, Which can be used, e.g., to a 
identify nucleic acid molecule encoding a polypeptide of the 
invention, DGAT2 family member mRNA, and fragments 
suitable for use as primers, e.g., PCR primers for the 
ampli?cation or mutation of nucleic acid molecules. 

[0092] In one embodiment, an isolated nucleic acid mol 
ecule of the invention includes the nucleotide sequence 
shoWn in SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, 
SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID 
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, 
SEQ ID NO: 21, SEQ ID NO: 23, and SEQ ID NO: 61 or 
a portion of any of these nucleotide sequences. In one 
embodiment, the nucleic acid molecule includes sequences 
encoding the DGAT2 family member protein (e.g., “the 
coding region”, from nucleotides 154-1194 of SEQ ID NO: 
7, not including the terminal codon), as Well as 5‘ untrans 
lated sequences (nucleotides 1-153 of SEQ ID NO: 7). 
Alternatively, the nucleic acid molecule can include only the 
coding region (e.g., nucleotides 154-1194 of SEQ ID NO: 7) 
and, e.g., no ?anking sequences Which normally accompany 
the subject sequence. In another embodiment, the nucleic 
acid molecule encodes a sequence corresponding to the 
mature protein of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO12, SEQ 
ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 
20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 62. 

[0093] In another embodiment, an isolated nucleic acid 
molecule of the invention includes a nucleic acid molecule 
Which is a complement of the nucleotide sequence shoWn in 
SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 
7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ 
ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 
21, SEQ ID NO: 23, or SEQ ID NO: 61 or a portion of any 
of these nucleotide sequences. In other embodiments, the 
nucleic acid molecule of the invention is suf?ciently 
complementary to the nucleotide sequence shoWn in SEQ ID 
NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ 
ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 
15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ 
ID NO: 23, or SEQ ID NO: 61, such that it can hybridiZe to 
the nucleotide sequence shoWn in SEQ ID NO: 1, SEQ ID 
NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ 
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 
17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, or 
SEQ ID NO: 61, thereby forming a stable duplex. 

[0094] In one embodiment, an isolated nucleic acid mol 
ecule of the present invention includes a nucleotide 
sequence Which is at least about 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99%, or more homologous to the nucleotide sequence shoWn 
in SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID 
NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, 
SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID 

Isolated Nucleic Acid Molecules 
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NO: 21, SEQ ID NO: 23 or SEQ ID NO: 61. In the case of 
an isolated nucleic acid molecule Which is longer than or 
equivalent in length to the reference sequence, e.g., SEQ ID 
NO: 7, SEQ ID NO: 19, the comparison is made With the full 
length of the reference sequence. Where the isolated nucleic 
acid molecule is shorter than the reference sequence (e.g., 
shorter than SEQ ID NO: 7, SEQ ID NO: 19, SEQ ID NO: 
61), the comparison is made to a segment of the reference 
sequence of the same length (excluding any loop required by 
the homology calculation). 
[0095] DGAT2 Family Member Nucleic Acid Fragments 

[0096] A nucleic acid molecule of the invention can 
include only a portion of the DGAT2 family member nucleic 
acid sequences of the invention (e.g., SEQ ID NO: 7, SEQ 
ID NO: 19, SEQ ID NO: 61). For example, such a nucleic 
acid molecule can include a fragment Which can be used as 
a probe or primer or a fragment encoding a portion of a 
DGAT2 family member protein, e.g., an immunogenic or 
biologically active portion of a DGAT2 family member 
protein. A fragment can comprise: nucleotides Which encode 
a diacylglycerol acyltransferase domain of human DGAT2 
family member. The nucleotide sequences determined from 
the cloning of the DGAT2 family member genes alloWs for 
the generation of probes and primers designed for use in 
identifying and/or cloning of additional DGAT2 family 
member family members, or fragments thereof, as Well as 
additional DGAT2 family member homologues, or frag 
ments thereof, from other species. 

[0097] In another embodiment, a nucleic acid includes a 
nucleotide sequence that includes part, or all, of the coding 
region and extends into either (or both) the 5‘ or 3‘ noncoding 
region. Other embodiments include a fragment Which 
includes a nucleotide sequence encoding an amino acid 
fragment described herein. Nucleic acid fragments can 
encode a speci?c domain or site described herein or frag 
ments thereof, particularly fragments thereof Which are at 
least 150 amino acids in length. Fragments also include 
nucleic acid sequences corresponding to speci?c amino acid 
sequences described above or fragments thereof. Nucleic 
acid fragments should not to be construed as encompassing 
those fragments that may have been disclosed prior to the 
invention. 

[0098] A nucleic acid fragment can include a sequence 
corresponding to a domain, region, or functional site 
described herein. A nucleic acid fragment can also include 
one or more domain, region, or functional site described 
herein. Thus, for example, the nucleic acid fragment can 
include a diacylglycerol acyltransferase domain. In a pre 
ferred embodiment the fragment is at least, 50, 100, 200, 
300, 400, 500, 600, 700, or 900 base pairs in length. 
[0099] DGAT2 family member probes and primers are 
provided. Typically a probe/primer is an isolated or puri?ed 
oligonucleotide. The oligonucleotide typically includes a 
region of nucleotide sequence that hybridiZes under strin 
gent conditions to at least about 7, 12 or 15 , preferably about 
20 or 25, more preferably about 30, 35, 40, 45, 50, 55, 60, 
65, or 75 consecutive nucleotides of a sense or antisense 
sequence of the DGAT2 family member nucleic acid 
sequences of the invention (e.g., SEQ ID NO: 7, SEQ ID 
NO: 19, SEQ ID NO: 61), or of a naturally occurring allelic 
variant or mutant of DGAT 2 family member nucleic acid 
sequences of the invention (e.g., SEQ ID NO: 7, SEQ ID 
NO: 19, SEQ ID NO: 61). 
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[0100] In a preferred embodiment the nucleic acid is a 
probe Which is at least 5 or 10, and less than 200, more 
preferably less than 100, or less than 50, base pairs in length. 
It should be identical, or differ by 1, or less than in 5 or 10 
bases, from a sequence disclosed herein. If alignment is 
needed for this comparison the sequences should be aligned 
for maximum homology. “Looped” out sequences from 
deletions or insertions, or mismatches, are considered dif 
ferences. 

[0101] Aprobe or primer can be derived from the sense or 
anti-sense strand of a nucleic acid Which encodes a diacylg 
lycerol acyltransferase domain. 

[0102] In another embodiment a set of primers is pro 
vided, e.g., primers suitable for use in a PCR, Which can be 
used to amplify a selected region of a DGAT2 family 
member sequence, e.g., a region described herein. The 
primers should be at least 5, 10, or 50 base pairs in length 
and less than 100, or less than 200, base pairs in length. The 
primers should be identical, or differ by one base from a 
sequence disclosed herein or from a naturally occurring 
variant. E.g., primers suitable for amplifying all or a portion 
of any of the folloWing regions or domains described herein 
are provided (e.g., a diacylglycerol acyltransferase domain). 

[0103] A nucleic acid fragment can encode an epitope 
bearing region of a polypeptide described herein. 

[0104] A nucleic acid fragment encoding a “biologically 
active portion of a DGAT2 family member polypeptide” can 
be prepared by isolating a portion of the nucleotide sequence 
of the DGAT2 family member sequences of the invention 
(e.g., SEQ ID NO: 7, SEQ ID NO: 19, SEQ ID NO: 61), 
Which encodes a polypeptide having a DGAT2 family mem 
ber biological activity (e.g., the biological activities of the 
DGAT2 family member proteins as described herein), 
expressing the encoded portion of the DGAT2 family mem 
ber protein (e.g., by recombinant expression in vitro) and 
assessing the activity of the encoded portion of the DGAT2 
family member protein. For example, a nucleic acid frag 
ment encoding a biologically active portion of DGAT2 
family member includes a diacylglycerol acyltransferase 
domain. A nucleic acid fragment encoding a biologically 
active portion of a DGAT2 family member polypeptide, may 
comprise a nucleotide sequence Which is greater than 300 
1200 or more nucleotides in length. 

[0105] In preferred embodiments, nucleic acids include a 
nucleotide sequence Which is about 300, 400, 500, 600, 700, 
800, 900, 1000, 1100, 1200, 1300, 1400 nucleotides in 
length and hybridiZes under stringent hybridiZation condi 
tions to a nucleic acid molecule of DGAT2 family member 
nucleic acid sequences of the invention (e.g., SEQ ID NO: 
7, SEQ ID NO: 19, SEQ ID NO: 61). 

[0106] DGAT2 Family Member Nucleic Acid Variants 

[0107] The invention further encompasses nucleic acid 
molecules that differ from the DGAT2 family member 
nucleotide sequences of the invention (e.g., SEQ ID NO: 7, 
SEQ ID NO: 19, SEQ ID NO: 61). Such differences can be 
due to degeneracy of the genetic code (and result in a nucleic 
acid Which encodes the same DGAT2 family member pro 
teins as those encoded by the nucleotide sequence disclosed 
herein. In another embodiment, an isolated nucleic acid 
molecule of the invention has a nucleotide sequence encod 
ing a protein having an amino acid sequence Which differs, 
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by at least 1, but less than 5, 10, 20, 50, or 100 amino acid 
residues of the DGAT2 family member protein sequences 
provided (e.g. SEQ ID NO: 8, SEQ ID NO: 20, SEQ ID NO: 
62). If alignment is needed for this comparison the 
sequences should be aligned for maximum homology. 
“Looped” out sequences from deletions or insertions, or 
mismatches, are considered differences. 

[0108] Nucleic acids of the inventor can be chosen for 
having codons, Which are preferred, or non preferred, for a 
particular expression system. E.g., the nucleic acid can be 
one in Which at least one colon, at preferably at least 10%, 
or 20% of the codons has been altered such that the sequence 
is optimiZed for expression in E. coli, yeast, human, insect, 
or CHO cells. 

[0109] Nucleic acid variants can be naturally occurring, 
such as allelic variants (same locus), homologs (different 
locus), and orthologs (different organism) or can be non 
naturally occurring. Non-naturally occurring variants can be 
made by mutagenesis techniques, including those applied to 
polynucleotides, cells, or organisms. The variants can con 
tain nucleotide substitutions, deletions, inversions and inser 
tions. Variation can occur in either or both the coding and 
non-coding regions. The variations can produce both con 
servative and non-conservative amino acid substitutions (as 
compared in the encoded product). 

[0110] In a preferred embodiment, the nucleic acid differs 
from that of the nucleic acid sequences of the invention (e. g., 
SEQ ID NO: 7, SEQ ID NO: 19, SEQ ID NO: 61), e.g., as 
folloWs: by at least one but less than 10, 20, 30, or 40 
nucleotides; at least one but less than 1%, 5%, 10% or 20% 
of the in the subject nucleic acid. If necessary for this 
analysis the sequences should be aligned for maximum 
homology. “Looped” out sequences from deletions or inser 
tions, or mismatches, are considered differences. 

[0111] Orthologs, homologs, and allelic variants can be 
identi?ed using methods knoWn in the art. These variants 
comprise a nucleotide sequence encoding a polypeptide that 
is 50%, at least about 55%, typically at least about 70-75%, 
more typically at least about 80-85%, and most typically at 
least about 90-95% or more identical to the amino acid 
sequences of the invention (e.g., SEQ ID NO: 8, SEQ ID 
NO: 20, SEQ ID NO: 62) or a fragment of those sequences. 
Such nucleic acid molecules can readily be obtained as 
being able to hybridiZe under stringent conditions, to the 
nucleotide sequence shoWn in SEQ If) NO: 7, SEQ ID NO: 
19, or SEQ ID NO: 61 or a fragment of this sequence. 
Nucleic acid molecules corresponding to orthologs, 
homologs, and allelic variants of the DGAT2 family member 
cDNAs of the invention can further be isolated by mapping 
to the same chromosome or locus as the DGAT2 family 
member gene. Preferred variants include those that are 
correlated With diacylglycerol acyltransferase activity. 

[0112] Allelic variants of DGAT2 family member, e.g., 
human DGAT2 family member, include both functional and 
non-functional proteins. Functional allelic variants are natu 
rally occurring amino acid sequence variants of the DGAT2 
family member protein Within a population that maintain the 
ability to modulate the phosphorylation state of itself or 
another protein or polypeptide. Functional allelic variants 
Will typically contain only conservative substitution of one 
or more amino acids of the DGAT2 family member amino 
acid sequences of the invention (e.g., SEQ ID NO: 8 or SEQ 
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ID NO: 20 or SEQ ID NO: 62), or substitution, deletion or 
insertion of non-critical residues in non-critical regions of 
the protein. Non-functional allelic variants are naturally 
occurring amino acid sequence variants of the DGAT2 
family member, e.g., human DGAT2 family member, pro 
tein Within a population that do not have the ability to attach 
an acyl chain to a lipid precursor. Non-functional allelic 
variants Will typically contain a non-conservative substitu 
tion, a deletion, or insertion, or premature truncation of the 
amino acid sequences of the invention (e.g., SEQ ID NO: 8 
or SEQ ID NO: 20 or SEQ ID NO: 62), or a substitution, 
insertion, or deletion in critical residues or critical regions of 
the protein. 

[0113] Moreover, nucleic acid molecules encoding other 
DGAT2 family member family members and, thus, Which 
have a nucleotide sequence Which differs from the DGAT2 
family member sequences of the invention (e.g., SEQ ID 
NO: 7, SEQ ID NO: 19 or SEQ ID NO: 61) are intended to 
be Within the scope of the invention. 

[0114] Antisense Nucleic Acid Molecules, RiboZymes and 
Modi?ed DGAT2 Family Member Nucleic Acid Molecules 

[0115] In another aspect, the invention features, an iso 
lated nucleic acid molecule Which is antisense to DGAT2 
family member. An “antisense” nucleic acid can include a 
nucleotide sequence Which is complementary to a “sense” 
nucleic acid encoding a protein, e.g., complementary to the 
coding strand of a double-stranded cDNA molecule or 
complementary to an mRNA sequence. The antisense 
nucleic acid can be complementary to an entire DGAT2 
family member coding strand, or to only a portion thereof 
(e.g., the coding region of human DGAT2 family member 
corresponding to DGAT2 family member sequences of the 
invention, e.g., SEQ ID NO: 7 SEQ ID NO: 19 or SEQ ID 
NO: 61). In another embodiment, the antisense nucleic acid 
molecule is antisense to a “noncoding region” of the coding 
strand of a nucleotide sequence encoding DGAT2 family 
member (e.g., the 5‘ and 3‘ untranslated regions). 

[0116] An antisense nucleic acid can be designed such that 
it is complementary to the entire coding region of DGAT2 
family member mRNA, but more preferably is an oligo 
nucleotide Which is antisense to only a portion of the coding 
or noncoding region of DGAT2 family member mRNA. For 
example, the antisense oligonucleotide can be complemen 
tary to the region surrounding the translation start site of 
DGAT2 family member mRNA, e.g., betWeen the —10 and 
+10 regions of the target gene nucleotide sequence of 
interest. An antisense oligonucleotide can be, for example, 
about 7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 
80, or more nucleotides in length. 

[0117] An antisense nucleic acid of the invention can be 
constructed using chemical synthesis and enZymatic ligation 
reactions using procedures knoWn in the art. For example, an 
antisense nucleic acid (e.g., an antisense oligonucleotide) 
can be chemically synthesiZed using naturally occurring 
nucleotides or variously modi?ed nucleotides designed to 
increase the biological stability of the molecules or to 
increase the physical stability of the duplex formed betWeen 
the antisense and sense nucleic acids, e.g., phosphorothioate 
derivatives and acridine substituted nucleotides can be used. 
The antisense nucleic acid also can be produced biologically 
using an expression vector into Which a nucleic acid has 
been subcloned in an antisense orientation (i.e., RNA tran 
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scribed from the inserted nucleic acid Will be of an antisense 
orientation to a target nucleic acid of interest, described 
further in the folloWing subsection). 

[0118] The antisense nucleic acid molecules of the inven 
tion are typically administered to a subject (e.g., by direct 
injection at a tissue site), or generated in situ such that they 
hybridiZe With or bind to cellular mRNA and/or genomic 
DNA encoding a DGAT2 family member protein to thereby 
inhibit expression of the protein, e.g., by inhibiting tran 
scription and/or translation. Alternatively, antisense nucleic 
acid molecules can be modi?ed to target selected cells and 
then administered systemically. For systemic administration, 
antisense molecules can be modi?ed such that they speci? 
cally bind to receptors or antigens expressed on a selected 
cell surface, e.g., by linking the antisense nucleic acid 
molecules to peptides or antibodies Which bind to cell 
surface receptors or antigens. The antisense nucleic acid 
molecules can also be delivered to cells using the vectors 
described herein. To achieve sufficient intracellular concen 
trations of the antisense molecules, vector constructs in 
Which the antisense nucleic acid molecule is placed under 
the control of a strong pol II or pol III promoter are 
preferred. 

[0119] In yet another embodiment, the antisense nucleic 
acid molecule of the invention is an ot-anomeric nucleic acid 
molecule. An ot-anomeric nucleic acid molecule forms spe 
ci?c double-stranded hybrids With complementary RNA in 
Which, contrary to the usual [3-units, the strands run parallel 
to each other (Gaultier et al., (1987) Nucleic Acids. Res. 
15:6625-6641). The antisense nucleic acid molecule can 
also comprise a 2‘-o-methylribonucleotide (Inoue et al., 
(1987) Nucleic Acids Res. 15:6131-6148) or a chimeric 
RNA-DNA analogue (Inoue et al., (1987) FEBS Lett. 
215:327-330). 
[0120] In still another embodiment, an antisense nucleic 
acid of the invention is a riboZyme. A riboZyme having 
speci?city for a DGAT2 family member-encoding nucleic 
acid can include one or more sequences complementary to 
the nucleotide sequence of a DGAT2 family member cDNA 
disclosed herein (e.g., SEQ ID NO: 7, SEQ ID NO: 19 or 
SEQ ID NO: 61), and a sequence having knoWn catalytic 
sequence responsible for mRNA cleavage (see US. Pat. No. 
5,093,246 or Haselhoff and Gerlach, (1988) Nature 334:585 
591). For example, a derivative of a Tetrahymena L-19 IVS 
RNA can be constructed in Which the nucleotide sequence of 
the active site is complementary to the nucleotide sequence 
to be cleaved in a DGAT2 family member-encoding mRNA. 
See, e.g., Cech et al. US. Pat. No. 4,987,071; and Cech et 
al. US. Pat. No. 5,116,742. Alternatively, DGAT2 family 
member mRNA can be used to select a catalytic RNAhaving 
a speci?c ribonuclease activity from a pool of RNA mol 
ecules. See, e.g., Bartel, D. and SZostak, J. W. (1993) 
Science 261:1411-1418. 

[0121] DGAT2 family member gene expression can be 
inhibited by targeting nucleotide sequences complementary 
to the regulatory region of the DGAT2 family member (e.g., 
the DGAT 2 family member promoter and/or enhancers) to 
form triple helical structures that prevent transcription of the 
DGAT2 family member gene in target cells. See generally, 
Helene, C., (1991) Anticancer Drug Des. 6(6):569-84; 
Helene, C. et al., (1992)Ann. NYAcaa'. Sci. 660:27-36; and 
Maher, L. J., (1992) Bioassays 14(12):807-15. The potential 
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sequences that can be targeted for triple helix formation can 
be increased by creating a so-called “sWitchback” nucleic 
acid molecule. Switchback molecules are synthesized in an 
alternating 5‘-3‘, 3‘-5‘ manner, such that they base pair With 
?rst one strand of a duplex and then the other, eliminating 
the necessity for a siZeable stretch of either purines or 
pyrimidines to be present on one strand of a duplex. 

[0122] The invention also provides detectably labeled 
oligonucleotide primer and probe molecules. Typically, such 
labels are chemiluminescent, ?uorescent, radioactive, or 
colorimetric. 

[0123] A DGAT2 family member nucleic acid molecule 
can be modi?ed at the base moiety, sugar moiety or phos 
phate backbone to improve, e.g., the stability, hybridiZation, 
or solubility of the molecule. For example, the deoxyribose 
phosphate backbone of the nucleic acid molecules can be 
modi?ed to generate peptide nucleic acids (see Hyrup B. et 
al., (1996) Bioorganic & Medicinal Chemistry 4 (1): 5-23). 
As used herein, the terms “peptide nucleic acid” or “PNA” 
refers to a nucleic acid mimic, e.g., a DNA mimic, in Which 
the deoxyribose phosphate backbone is replaced by a 
pseudopeptide backbone and only the four natural nucleo 
bases are retained. The neutral backbone of a PNA can alloW 
for speci?c hybridiZation to DNA and RNA under conditions 
of loW ionic strength. The synthesis of PNA oligomers can 
be performed using standard solid phase peptide synthesis 
protocols as described in Hyrup B. et al., (1996) supra; 
Perry-O’Keefe et al., Proc. Natl. Acad. Sci. 93: 14670-675. 

[0124] PNAs of DGAT 2 family member nucleic acid 
molecules can be used in therapeutic and diagnostic appli 
cations. For example, PNAs can be used as antisense or 
antigene agents for sequence-speci?c modulation of gene 
expression by, for example, inducing transcription or trans 
lation arrest or inhibiting replication. PNAs of DGAT2 
family member nucleic acid molecules can also be used in 
the analysis of single base pair mutations in a gene, (e.g., by 
PNA-directed PCR clamping); as ‘arti?cial restriction 
enZymes’ When used in combination With other enZymes, 
(e.g., S1 nucleases (Hyrup B., (1996) supra)); or as probes 
or primers for DNA sequencing or hybridiZation (Hyrup B. 
et al., (1996) supra; Perry-O’Keefe supra). 

[0125] In other embodiments, the oligonucleotide may 
include other appended groups such as peptides (e.g., for 
targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger et 
al., (1989) Proc. NatLAcaa'. Sci. USA 86:6553-6556; Lemai 
tre et al., (1987) Proc. Natl. Acad. Sci. USA 84:648-652; 
PCT Publication No. W088/09810) or the blood-brain bar 
rier (see, e.g., PCT Publication No. W089/10134). In addi 
tion, oligonucleotides can be modi?ed With hybridiZation 
triggered cleavage agents (See, e.g., Krol et al., (1988) 
Bio-Techniques 6:958-976) or intercalating agents. (See, 
e.g., Zon, (1988) Pharm. Res. 5:539-549). To this end, the 
oligonucleotide may be conjugated to another molecule, 
(e.g., a peptide, hybridiZation triggered cross-linking agent, 
transport agent, or hybridiZation-triggered cleavage agent). 

[0126] The invention also includes molecular beacon oli 
gonucleotide primer and probe molecules having at least one 
region Which is complementary to a DGAT2 family member 
nucleic acid of the invention, tWo complementary regions 
one having a ?uorophore and one a quencher such that the 
molecular beacon is useful for quantitating the presence of 
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the DGAT2 family member nucleic acid of the invention in 
a sample. Molecular beacon nucleic acids are described, for 
example, in LiZardi et al., US. Pat. No. 5,854,033; NaZa 
renko et al., US. Pat. No. 5,866,336, and Livak et al., US. 
Pat. No. 5,876,930. 

[0127] Isolated DGAT2 Family Member Polypeptides 

[0128] In another aspect, the invention features, an iso 
lated DGAT2 family member protein, or fragment, e.g., a 
biologically active portion, for use as immunogens or anti 
gens to raise or test (or more generally to bind) anti-DGAT2 
family member antibodies. DGAT2 family member protein 
can be isolated from cells or tissue sources using standard 
protein puri?cation techniques. DGAT2 family member 
protein or fragments thereof can be produced by recombi 
nant DNA techniques or synthesiZed chemically. 

[0129] Polypeptides of the invention include those Which 
arise as a result of the existence of multiple genes, alterna 
tive transcription events, alternative RNA splicing events, 
and alternative translational and postranslational events. The 
polypeptide can be expressed in systems, e. g., cultured cells, 
Which result in substantially the same postranslational modi 
?cations present When expressed the polypeptide is 
expressed in a native cell, or in systems Which result in the 
alteration or omission of postranslational modi?cations, e. g., 
gylcosylation or cleavage, present When expressed in a 
native cell. 

[0130] In a preferred embodiment, a DGAT2 family mem 
ber polypeptide has one or more of the folloWing charac 
teristics: 

[0131] it has the ability to regulate, sense and/or 
transmit an extracellular signal into a cell; 

[0132] it has the ability to interact With (e.g., bind to) 
an extracellular signal or a cell surface receptor; 

[0133] it has the ability to mobiliZe an intracellular 
molecule that participates in a signal transduction 
pathWay (e.g., adenylate cyclase or phosphatidyli 
nositol 4,5-bisphosphate (PIP2), inositol 1,4,5-triph 
osphate (IP3)); 

[0134] it has the ability to regulate polariZation of the 
plasma membrane; 

[0135] it has the ability to modulate cell proliferation, 
cell migration, differentiation and/or cell survival; 

[0136] it has the ability to modulate function, sur 
vival, morphology, proliferation and/or differentia 
tion of cells of tissues in Which DGAT2 family 
member molecules are expressed; 

[0137] it has a molecular Weight (e.g., deduced 
molecular Weight), amino acid composition or other 
physical characteristic of a DGAT2 family member 
protein of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID 
N012, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID 
NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID 
NO: 24, or SEQ ID NO: 62; 

[0138] it has an overall sequence similarity (identity) 
of at least 60%, preferably at least 70%, more 
preferably at least 75, 80, 85, 86, 87, 88, 89, 90, 91, 
92, 93, 94, 95, 96, 97, 98, 99% or more, With a 
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polypeptide of SEQ ID NO: 2, SEQ ID NO: 4, SEQ 
ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID 
NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID 
NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID 
NO: 24 or SEQ ID NO: 62; 

[0139] it has an N-terminal domain Which is prefer 
ably about 70%, 80%, 90%, 95%, 96%, 97%, 98%, 
99% or higher, identical to a polypeptide of SEQ ID 
NO: 2; 

[0140] it has at least one transmembrane domains 
Which is preferably about 70%, 80%, 90%, 95% or 
higher, identical to a polypeptide of SEQ ID NO: 2; 

[0141] it has a C-termninal domain Which is prefer 
ably about 70%, 80%, 90%, 95%, 96%, 97%, 98%, 
99% or higher, identical to a polypeptide of SEQ ID 
NO: 2; or 

[0142] it has an diacylglycerol acyltransferase 
domain Which preferably has an overall sequence 
similarity of about 70%, 80%, 90% or 95% With 
amino acid residues 32-278 of SEQ ID NO: 2. 

[0143] In a preferred embodiment the DGAT2 family 
member protein, or fragment thereof, differs from the cor 
responding sequence in SEQ ID NO: 2, SEQ ID NO: 4, SEQ 
ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, 
SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID 
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24 or SEQ ID NO: 
62. In one embodiment it differs by at least one but by less 
than 15, 10 or 5 amino acid residues. In another it differs 
from the corresponding sequence in SEQ ID NO: 2 by at 
least one residue but less than 20%, 15%, 10% or 5% of the 
residues in it differ from the corresponding sequence in SEQ 
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, 
SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID 
NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, 
SEQ ID NO: 24 or SEQ ID NO: 62. (If this comparison 
requires alignment the sequences should be aligned for 
maXimum homology. “Looped” out sequences from dele 
tions or insertions, or mismatches, are considered differ 
ences.) The differences are, preferably, differences or 
changes at a non-essential residue or a conservative substi 
tution. In a preferred embodiment the differences are not in 
the diacylglycerol acyltransferase domain. In another pre 
ferred embodiment one or more differences are in non-active 

site residues, e.g. outside of the diacylglycerol acyltrans 
ferase domain. 

[0144] Other embodiments include a protein that contain 
one or more changes in amino acid sequence, e.g., a change 
in an amino acid residue Which is not essential for activity. 
Such DGAT2 family member proteins differ in amino acid 
sequence from SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 
6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ 
ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 
20, SEQ ID NO: 22, SEQ ID NO: 24 or SEQ ID NO: 62, yet 
retain biological activity. 

[0145] In one embodiment, a biologically active portion of 
a DGAT2 family member protein includes an diacylglycerol 
acyltransferase domain. In another embodiment, a biologi 
cally active portion of a DGAT2 family member protein 
includes a MttB family UPF0032 domain. Moreover, other 
biologically active portions, in Which other regions of the 
protein are deleted, can be prepared by recombinant tech 
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niques and evaluated for one or more of the functional 
activities of a native DGAT2 family member protein. 

[0146] In a preferred embodiment, the DGAT2 family 
member protein has an amino acid sequence shoWn in SEQ 
ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, 
SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ if 
NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, 
SEQ ID NO: 24 or SEQ ID NO: 62. In other embodiments, 
the DGAT2 family member protein is substantially identical 
to SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID 
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, 
SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID 
NO: 22, SEQ ID NO: 24 or SEQ ID NO: 62 and retains the 
functional activity of the protein of SEQ ID NO: 2, as 
described in detail above. Accordingly, in another embodi 
ment, the DGAT2 family member protein is a protein Which 
includes an amino acid sequence at least about 60%, 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 98% or more identical to 
SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 
8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ 
ID NO: 16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 
22, SEQ ID NO: 24 or SEQ ID NO: 62. 

[0147] DGAT2 Family Member Chimeric or Fusion Pro 
teins 

[0148] In another aspect, the invention provides DGAT2 
family member chimeric or fusion proteins. As used herein, 
a DGAT2 family member “chimeric protein” or “fusion 
protein” includes a DGAT2 family member polypeptide 
linked to a non-DGAT2 family member polypeptide. A 
“non-DGAT2 family member polypeptide” refers to a 
polypeptide having an amino acid sequence corresponding 
to a protein Which is not substantially homologous to the 
DGAT2 family member protein, e.g., a protein Which is 
different from the DGAT 2 family member protein and Which 
is derived from the same or a different organism. The 
DGAT2 family member polypeptide of the fusion protein 
can correspond to all or a portion e.g., a fragment described 
herein of a DGAT 2 family member amino acid sequence of 
the invention. In a preferred embodiment, a DGAT2 family 
member fusion protein includes at least one (or tWo) bio 
logically active portion of a DGAT 2 family member protein. 
The non-DGAT2 family member polypeptide can be fused 
to the N-terminus or C-terminus of the DGAT2 family 
member polypeptide. 

[0149] The fusion protein can include a moiety Which has 
a high affinity for a ligand. For example, the fusion protein 
can be a GST-DGAT2 family member fusion protein in 
Which the DGAT2 family member sequences are fused to the 
C-terminus of the GST sequences. Such fusion proteins can 
facilitate the puri?cation of a recombinant DGAT2 family 
member polypeptide. Alternatively, the fusion protein can be 
a DGAT2 family member protein containing a heterologous 
signal sequence at its N-terminus. In certain host cells (e.g., 
mammalian host cells), eXpression and/or secretion of 
DGAT2 family member can be increased through use of a 
heterologous signal sequence. 

[0150] Fusion proteins can include all or a part of a serum 
protein, e.g., an IgG constant region, or human serum 
albumin. 

[0151] The DGAT2 family member fusion proteins of the 
invention can be incorporated into pharmaceutical compo 
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sitions and administered to a subject in vivo. The DGAT2 
family member fusion proteins can be used to affect the 
bioavailability of a DGAT2 family member substrate. 
DGAT2 family member fusion proteins may be useful 
therapeutically for the treatment of disorders caused by, for 
example, aberrant modi?cation or mutation of a gene 
encoding a DGAT2 family member protein; (ii) mis-regu 
lation of the DGAT2 family member gene; and (iii) aberrant 
post-translational modi?cation of a DGAT2 family member 
protein. 

[0152] Moreover, the DGAT2 family member-fusion pro 
teins of the invention can be used as immunogens to produce 
anti-DGAT2 family member antibodies in a subject, to 
purify DGAT 2 family member ligands and in screening 
assays to identify molecules Which inhibit the interaction of 
DGAT2 family member With a DGAT2 family member 
substrate. 

[0153] Expression vectors are commercially available that 
already encode a fusion moiety (e.g., a GST polypeptide). A 
DGAT2 family member-encoding nucleic acid can be cloned 
into such an expression vector such that the fusion moiety is 
linked in-frame to the DGAT2 family member protein. 

[0154] Variants of DGAT2 Family Member Proteins 

[0155] In another aspect, the invention also features a 
variant of a DGAT2 family member polypeptide, e.g., Which 
functions as an agonist (mimetics) or as an antagonist. 
Variants of the DGAT2 family member proteins can be 
generated by mutagenesis, e.g., discrete point mutation, the 
insertion or deletion of sequences or the-truncation of a 
DGAT2 family member protein. An agonist of the DGAT2 
family member proteins can retain substantially the same, or 
a subset, of the biological activities of the naturally occur 
ring form of a DGAT2 family member protein (e.g., dia 
cylglycerol acyltransferase activity). An antagonist of a 
DGAT2 family member protein can inhibit one or more of 
the activities of the naturally occurring form of the DGAT2 
family member protein by, for example, competitively 
modulating a DGAT2 family member-mediated activity of a 
DGAT2 family member protein. Thus, speci?c biological 
effects can be elicited by treatment With a variant of limited 
function. Preferably, treatment of a subject With a variant 
having a subset of the biological activities of the naturally 
occurring form of the protein has feWer side effects in a 
subject relative to treatment With the naturally occurring 
form of the DGAT2 family member protein. 

[0156] Variants of a DGAT2 family member protein can 
be identi?ed by screening combinatorial libraries of 
mutants, e.g., truncation mutants, of a DGAT2 family mem 
ber protein for agonist or antagonist activity. 

[0157] Libraries of fragments e. g., N terminal, C terminal, 
or internal fragments, of a DGAT 2 family member protein 
coding sequence can be used to generate a variegated 
population of fragments for screening and subsequent selec 
tion of variants of a DGAT2 family member protein. 

[0158] Variants in Which a cysteine residues is added or 
deleted or in Which a residue Which is glycosylated is added 
or deleted are particularly preferred. 

[0159] Methods for screening gene products of combina 
torial libraries made by point mutations or truncation, and 
for screening cDNA libraries for gene products having a 
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selected property. Recursive ensemble mutagenesis (REM), 
a technique Which enhances the frequency of functional 
mutants in the libraries, can be used in combination With the 
screening assays to identify DGAT2 family member variants 
(Arkin and Yourvan, (1992) Proc. Natl. Acad. Sci. USA 
89:7811-7815; Delgrave et al., (1993) Protein Engineering 
6(3):327-331). 
[0160] Cell based assays can be exploited to analyZe a 
variegated DGAT2 family member library. For example, a 
library of expression vectors can be transfected into a cell 
line, e.g., a cell line, Which ordinarily responds to DGAT2 
family member in a substrate-dependent manner. The trans 
fected cells are then contacted With DGAT 2 family member 
and the effect of the expression of the mutant on signaling 
by the DGAT 2 family member substrate can be detected, 
e.g., by measuring diacylglycerol acyltransferase activity. 
Plasmid DNA can then be recovered from the cells Which 
score for inhibition, or alternatively, potentiation of signal 
ing by the DGAT2 family member substrate, and the indi 
vidual clones further characteriZed. 

[0161] In another aspect, the invention features a method 
of making a DGAT2 family member polypeptide, e.g., a 
peptide having a non-Wild type activity, e.g., an antagonist, 
agonist, or super agonist of a naturally occurring DGAT2 
family member polypeptide, e.g., a naturally occurring 
DGAT2 family member polypeptide. The method includes: 
altering the sequence of a DGAT2 family member polypep 
tide, e.g., altering the sequence, e.g., by substitution or 
deletion of one or more residues of a non-conserved region, 

a domain or residue disclosed herein, and testing the altered 
polypeptide for the desired activity. 

[0162] In another aspect, the invention features a method 
of making a fragment or analog of a DGAT2 family member 
polypeptide having a biological activity of a naturally occur 
ring DGAT2 family member polypeptide. The method 
includes: altering the sequence, e.g., by substitution or 
deletion of one or more residues, of a DGAT2 family 
member polypeptide, e.g., altering the sequence of a non 
conserved region, or a domain or residue described herein, 
and testing the altered polypeptide for the desired activity. 

[0163] Anti-DGAT2 Family Member Antibodies 

[0164] In another aspect, the invention provides an anti 
DGAT2 family member antibody. The term “antibody” as 
used herein refers to an immunoglobulin molecule or immu 
nologically active portion thereof, i.e., an antigen-binding 
portion. Examples of immunologically active portions of 
immunoglobulin molecules include F(ab) and F(ab‘)2 frag 
ments Which can be generated by treating the antibody With 
an enZyme such as pepsin. 

[0165] The antibody can be a polyclonal, monoclonal, 
recombinant, e.g., a chimeric or humaniZed, fully human, 
non-human, e.g., murine, or single chain antibody. In a 
preferred embodiment it has effector function and can ?x 
complement. The antibody can be coupled to a toxin or 
imaging agent. 

[0166] A full-length DGAT 2 family member protein or, 
antigenic peptide fragment of DGAT2 family member can 
be used as an immunogen or can be used to identify 
anti-DGAT2 family member antibodies made With other 
immunogens, e.g., cells, membrane preparations, and the 
like. The antigenic peptide of DGAT2 family member 
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should include at least 8 amino acid residues of a DGAT2 
family member amino acid sequence of the invention (e.g., 
the amino acid sequence shoWn in SEQ ID NO: 8 or SEQ ID 
NO: 20 or SEQ ID NO: 62) and encompasses an epitope of 
DGAT2 family member. Preferably, the antigenic peptide 
includes at least 10 amino acid residues, more preferably at 
least 15 amino acid residues, even more preferably at least 
20 amino acid residues, and most preferably at least 30 
amino acid residues. 

[0167] Fragments of DGAT2 family member polypeptides 
of the invention can be, e.g., as immunogens, or used to 
characteriZe the speci?city of an antibody or antibodies 
against What are believed to be hydrophilic regions of the 
DGAT2 family member protein. Similarly, a fragment of 
DGAT2 family member proteins of the invention can be 
used to make an antibody against What is believed to be a 
hydrophobic region of the DGAT2 family member protein; 
a fragment of DGAT2 family can be used to make an 
antibody against a diacylglycerol acyltransferase region of 
the DGAT2 family member protein. 

[0168] Antibodies reactive With, or speci?c for, any of 
these regions, or other regions or domains described herein 
are provided. 

[0169] In a preferred embodiment the antibody fails to 
bind an Fe receptor, eg it is a type Which does not support 
Fe receptor binding or has been modi?ed, e.g., by deletion 
or other mutation, such that is does not have a functional Fe 
receptor binding region. 

[0170] Preferred epitopes encompassed by the antigenic 
peptide are regions of DGAT2 family member are located on 
the surface of the protein, e.g., hydrophilic regions, as Well 
as regions With high antigenicity. For example, an Emini 
surface probability analysis of the human DGAT2 family 
member protein sequence can be used to indicate the regions 
that have a particularly high probability of being localiZed to 
the surface of the DGAT2 family member protein and are 
thus likely to constitute surface residues useful for targeting 
antibody production. Methods to determine Emini surface 
probability analysis or other methods to determine immu 
nogenic peptides of the DGAT2 family member amino acid 
sequences of the invention are knoWn in the art. 

[0171] In a preferred embodiment an antibody binds an 
epitope on any domain or region of any of the DGAT2 
family member proteins described herein. 

[0172] Chimeric, humaniZed, but most preferably, com 
pletely human antibodies are desirable for applications 
Which include repeated administration, e.g., therapeutic 
treatment (and some diagnostic applications) of human 
patients. 

[0173] Completely human antibodies are particularly 
desirable for therapeutic treatment of human patients. Such 
antibodies can be produced using transgenic mice that are 
incapable of expressing endogenous immunoglobulin heavy 
and light chains genes, but Which can express human heavy 
and light chain genes. See, for example, Lonberg and HusZar 
(1995) Int. Rev. Immunol. 13:65-93); and US. Pat. Nos. 
5,625,126; 5,633,425; 5,569,825; 5,661,016; and 5,545,806. 
In addition, companies such as Abgenix, Inc. (Fremont, 
Calif.) and Medarex, Inc. (Princeton, N.J.), can be engaged 
to provide human antibodies directed against a selected 
antigen using technology similar to that described above. 
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[0174] Completely human antibodies that recogniZe a 
selected epitope can be generated using a technique referred 
to as “guided selection.” In this approach a selected non 
human monoclonal antibody, e.g., a murine antibody, is used 
to guide the selection of a completely human antibody 
recogniZing the same epitope. This technology is described 
by Jespers et al. (1994) Bio/Technology 12:899-903). 

[0175] The anti-DGAT 2 family member antibody can be a 
single chain antibody. A single-chain antibody (scFV) may 
be engineered (see, for example, Colcher, D. et al.,Ann. NY 
Acad. Sci. June 1999 30;880:263-80; and Reiter, Y., Clin. 
Cancer Res. February 1996; 2(2):245-52). The single chain 
antibody can be dimeriZed or multimeriZed to generate 
multivalent antibodies having speci?cities for different 
epitopes of the same target DGAT2 family member protein. 

[0176] In a preferred embodiment, the antibody has 
reduced or no ability to bind an Fc receptor. For example, it 
is an isotype or subtype, fragment or other mutant, Which 
does not support binding to an Fc receptor, e.g., it has a 
mutageniZed or deleted Fc receptor binding region. 

[0177] An anti-DGAT2 family member antibody (e.g., 
monoclonal antibody) can be used to isolate DGAT2 family 
member proteins or complexes by standard techniques, such 
as affinity chromatography or immunoprecipitation. More 
over, an anti-DGAT2 family member antibody can be used 
to detect DGAT2 family member protein (e.g., in a cellular 
lysate or cell supernatant) in order to evaluate the abundance 
and pattern of expression of the protein. Anti-DGAT2 family 
member antibodies can be used diagnostically to monitor 
protein levels in tissue as part of a clinical testing procedure, 
e.g., to, for example, determine the ef?cacy of a given 
treatment regimen. Detection can be facilitated by coupling 
(i.e., physically linking) the antibody to a detectable sub 
stance (i.e., antibody labeling). Examples of detectable 
substances include various enZymes, prosthetic groups, ?uo 
rescent materials, luminescent materials, bioluminescent 
materials, and radioactive materials. Examples of suitable 
enZymes include horseradish peroxidase, alkaline phos 
phatase, [3-galactosidase, or acetylcholinesterase; examples 
of suitable prosthetic group complexes include streptavidin/ 
biotin and avidin/biotin; examples of suitable ?uorescent 
materials include umbelliferone, ?uorescein, ?uorescein 
isothiocyanate, rhodamine, dichlorotriaZinylamine ?uores 
cein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of biolu 
minescent materials include luciferase, luciferin, and 
aequorin, and examples of suitable radioactive material 
include 1251, 1311, 35S or 3H. 

[0178] An antibody (or fragment thereof) may be conju 
gated to a therapeutic moiety such as a cytotoxin, a thera 
peutic agent or a radioactive ion. A cytotoxin or cytotoxic 
agent includes any agent that is detrimental to cells. 
Examples include taxol, cytochalasin B, gramicidin D, 
ethidium bromide, emetine, mitomycin, etoposide, tenopo 
side, vincristine, vinblastine, colchicin, doxorubicin, dauno 
rubicin, dihydroxy anthracin dione, mitoxantrone, mithra 
mycin, actinomycin D, 1-dehydrotestosterone, 
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, 
puromycin, maytansinoids, e.g., maytansinol (see US. Pat. 
No. 5,208,020), CC-1065 (see US. Pat. Nos. 5,475,092, 
5,585,499, 5,846,545) and analogs or homologs thereof. 
Therapeutic agents include, but are not limited to, antime 






































































































































