US 20100095391A1

a9y United States

12) Patent Application Publication

Silver

(10) Pub. No.: US 2010/0095391 A1l
(43) Pub, Date: Apr. 15,2010

(34) REGULATION OF LIPID DROPLET
FORMATION BY MODULATION OF FIT1
AND FIT2 AND USES THEREOF

(76) Inventor: David L. Silver, New York, NY

(US)

Correspondence Address:
AMSTER, ROTHSTEIN & EBENSTEIN LLP
90 PARK AVENUE
NEW YORK, NY 10016 (US)
(21) Appl. No.: 12/448,840
(22) PCT Filed: Jan. 8, 2008

(86) PCT No.:

§ 371 (e)(1),
(2), (4) Date:

PCT/US08/00258

Nov. 20, 2009

Related U.S. Application Data

(60) Provisional application No. 60/880,279, filed on Jan.
12, 2007.

Publication Classification

(51) Int.CL
AOIK 67/00 (2006.01)
AGIK 31/711 (2006.01)
AGIK 31/7105 (2006.01)
AGIK 39/395 (2006.01)
GOIN 33/53 (2006.01)
AGIP 3/04 (2006.01)

(52) US.CL ... 800/13;514/44 A; 514/44 R; 424/130.1,
435/7.21; 436/86

(57) ABSTRACT

This invention provides methods of regulating fat storage in
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regulation of fat storage in tissue, assays for identifying
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REGULATION OF LIPID DROPLET
FORMATION BY MODULATION OF FIT1
AND FIT2 AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/880,279, filed Jan. 12, 2007.

STATEMENT OF GOVERNMENT SUPPORT

[0002] The invention disclosed herein was made with U.S.
Government support under grant number P30-DK42196
from the National Institutes of Health. Accordingly, the U.S.
Government has certain rights in this invention.

FIELD OF THE INVENTION

[0003] The invention is directed to methods of regulating
fat storage in tissue by modulating the levels of Fibrate
Induced Transcript 1 (FIT1) and/or Fibrate Induced Tran-
script 2 (FIT2), as well as to assays for identifying agents that
can regulate fat storage in tissue through modulating the
levels of FIT1 and/or FIT2. Preferred forms of the invention
are directed to methods of reducing fat storage in tissue by
decreasing the levels of FIT1 and/or FIT2, as well as to assays
for identifying agents that can reduce fat storage in tissue
through decreasing the levels of FIT1 and/or FIT2. The reduc-
tion of fat storage may aid in treatment of any disease that
involves storage of cytoplasmic fat in droplets, such as obe-
sity, diabetes, metabolic syndrome, fatty liver disease (steato-
sis and steatohepatitis), atherosclerosis, diabetic nephropa-
thy, and hepatitis C infection. Also provided are diagnostic
screens for disorders involving regulation of fat storage in
tissue, which involve assaying the level of expression oractiv-
ity of FIT1 and/or FIT2 in a blood, fluid, tissue or cell sample
from a subject. The invention also provides genetically
altered mammals in which expression of FIT1 and/or FIT2 is
altered in one or more tissue.

BACKGROUND OF THE INVENTION

[0004] Throughout this application various publications
are referred to in parenthesis. Full citations for these refer-
ences may be found at the end of the specification immedi-
ately preceding the claims. The disclosures of these publica-
tions are hereby incorporated by reference in their entireties
into the subject application to more fully describe the art to
which the subject application pertains.

[0005] Theability to store energy in the form of triglyceride
(TG) is conserved from S. cerevisiae to humans. Triglycer-
ides are stored in the cytoplasm surrounded by a monolayer of
phospholipid in distinct structures or organelles given numer-
ous names such as lipid particles, oil bodies, adiposomes,
eicosasomes, and more commonly lipid droplets (1). Under
normal physiological conditions, lipid droplets are involved
in maintaining energy balance at the cellular and organismal
level; but under conditions of extreme lipid droplet acquisi-
tion as in obesity, type 1l diabetes and cardiovascular diseases
may ensue (2-6).

[0006] Recently, a great body of information has been gen-
erated revealing details of the composition and functions of
many of the components of lipid droplets from S. cerevisiae
(7), drosophila and mammalian cells (8-10). In mammalian
cells, the catabolism of lipid droplets is a highly regulated
process involving hormonal signals, droplet structural pro-
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teins and lipases (2, 11, 12). While much has been learned
about the components and catabolism of lipid droplets, the
molecular mechanism of lipid droplet biogenesis remains
unknown. The identification of many components of lipid
droplets has not revealed obvious proteins that would be
involved in their formation. A widely accepted model of lipid
droplet biogenesis involves the budding of a single leaflet of
the endoplasmic reticulum (ER) membrane with a newly
forming core or “lens” of triglyceride (1). The evidence that
cytosolic lipid droplets are derived from the ER is based on
the findings that some lipid droplet associated proteins are
also associated with the ER membrane, and in many instances
lipid droplets have been shown to be in close association with
the ER membrane (8, 13-16).

[0007] The occurrence of obesity is approaching epidemic
proportions. Many of the diseases associated with obesity,
namely diabetes, hepatic steatohepatitis and atherosclerosis
are the result of inappropriate storage of fat. Thus, there is a
need for means that can effectively reduce fat storage in
human tissues.

SUMMARY OF THE INVENTION

[0008] The present invention provides methods of reducing
fat storage in a subject by administering to the subject an
amount of an agent that is effective to decrease the level of
FIT1 and/or FIT2 in the subject.

[0009] The invention also provides methods of increasing
fat storage in a subject by administering to the subject an
amount of an agent that is effective to increase the level of
FIT1 and/or FIT2 in the subject.

[0010] The invention also provides methods of screening
for a disorder involving regulation of fat storage in tissue, the
methods comprising determining the level of expression and/
or activity of FIT1 and/or FIT2 in a blood, body fluid, tissue
biopsy or cell sample from a subject, wherein alternation
from normal of the level of expression or activity of FIT1
and/or FIT2 is indicative of a disorder involving regulation of
fat storage in tissue.

[0011] The invention provides methods for screening for
candidate agents that can reduce fat storage in tissue by deter-
mining whether or not an agent is effective to decrease the
level of FIT1 and/or FIT2 in tissue or cells, wherein the
method comprises contacting an agent with a cell line or
tissue culture that expresses FIT1 and/or FIT2, and wherein
reduction in expression and/or activity of FIT1 and/or FIT2 is
indicative that the agent is a candidate agent for reducing fat
storage in tissue.

[0012] The invention also provides methods for screening
for candidate agents that can increase fat storage in tissue by
determining whether or not an agent is effective to increase
the level of FIT1 and/or FIT2 in tissue or cells, wherein the
method comprises contacting an agent with a cell line or
tissue culture that expresses FIT1 and/or FIT2, and wherein
an increase in expression and/or activity of FIT1 and/or FIT2
is indicative that the agent is a candidate agent for increasing
fat storage in tissue.

[0013] The invention also provides transgenic mammals in
which FIT1 and/or FIT2 is overexpressed in one or more
tissue. The invention further provides mammals that have
been genetically altered so that expression of FIT1 and/or
FIT2 is reduced in one or more tissue.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 1A-1D. Analysis of FIT gene expression. (A)
Total RNA (15 pg) from mouse tissues were subjected to
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Northern blot analysis for murine FIT1 and FIT2 (mfitl and
mfit2). The tissues analyzed were as follows: 1, brain; 2, eye;
3, heart; 4, lung; 5, liver; 6, kidney; 7, adrenal; 8, spleen; 9,
skeletal muscle; 10, white adipose; 11, brown adipose; 12,
ovary; 13, testis; 14, stomach. Gapdh served as a positive
hybridization probe. (B) Total cell lysates (80 pg) from
selected mouse tissues were subjected to Western blot analy-
sis. The following tissues were analyzed: 1, lung; 2, heart; 3,
skeletal muscle; 4, liver; 5, kidney; 6, adrenal gland; 7, white
adipose tissue; 8, brown adipose tissue; 9, HEK293 cell posi-
tive control expressing FIT1 or FIT2. Calnexin served as a
loading control. (C) A human RNA blot containing 2 pg of
poly(A) RNA per lane (FirstChoice Human Blot 1 from
Ambion) was analyzed for both fitl and fit2 (hfitl and hfit2)
expression in the following tissues: 1, brain; 2, placenta; 3,
skeletal muscle; 4, heart; 5, kidney; 6, pancreas; 7, liver; 8,
lung; 9, spleen; 10, colon. (D) Amino acid sequences of
murine FIT1 (SEQ ID NO:3) and FIT2 (SEQ ID NO:4) and
hydropathy plots. The horizontal line (slightly below +2)
indicates the average hydrophobicity.

[0015] FIG. 2A-2B. Subcellular localization of FIT pro-
teins. (A) Total post-nuclear membranes from mouse hearts
were separated by continuous sucrose gradients. Fractions
were subjected to Western blot analysis using antibody mark-
ers for the plasma membrane (Na K-ATPase), Golgi appara-
tus (Golgi 58 kDa), endoplasmic reticulum (calnexin), and
FIT1 and FIT2. (B) Immunofluorescence localization of
mouse FIT1-V5 and FIT2-V5 with the ER marker protein
RFP-KDEL in HEK293 cells.

[0016] FIG. 3A-3C. Lipid droplet formation induced by
FIT1 and FIT2. (A) HEK293 cells were transiently trans-
fected with mouse FIT1, FIT2, or DGAT1 and lipid droplets
were visualized using fluorescence microscopy by staining
with BODIPY 493/503. (B) Triglyceride mass measurements
from transiently transfected cells. M, mock transfected; F1,
FIT1 transfected; F2, FIT2 transfected; D1, DGAT1 trans-
fected; D2, DGAT2 transfected. Data are represented as the
average+SD. N=4 transfections per construct. (C) Triglycer-
ide (TG) biosynthesis was determined by incubating tran-
siently transfected HEK293 cells with the indicated con-
structs with **C glycerol for the indicated times. '*C TG were
separated using TLC analysis and quantified using phospho-
rImager analysis. DGATs served as positive controls for TG
biosynthesis.

[0017] FIG. 4A-4C. shRNAi mediated knockdown of
FIT2. NIH-3T3 or RAW246.7 cells were infected with len-
tivirus expressing shRNA sequence targeting murine FIT2
(FIT2shRNA), or control shRNA (contshRNA), orno lentivi-
rus (control). (A) FIT2shRNA reduced lipid droplet forma-
tion during NIH-3T3 cell differentiation (days of differentia-
tion are shown above image) as visualized by BODIPY493/
503 staining. (B) Northern blot analysis shows that
FIT2shRNA significantly reduced FIT2 mRNA levels com-
pared to control or contshRNA infected cells. Expression of
differentiation markers Apt and PPARgamma, were not
changed in FIT2shRNA treated cells compared to controls.
(C) Western blot analysis shows that FIT2 protein is reduced
in FIT2shRNA cells compared to controls.

[0018] FIG.5A-5B. Sequence alignments of FIT orthologs
in multiple species. (A) Cladogram generated with Clutal W
showing the amino acid sequence homologies among FIT
proteins. Accession numbers for each FIT ortholog is indi-
cated next to the cladogram. (B) Amino Acid sequence align-
ment of some FIT orthologs shown in A. Alignment was
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generated using the ClustalW algorithm. S. cerevisiae
(YDR319-C, U32517, AAB64755) (SEQ ID NO:5), C.
elegans (SEQIDNO:7), D. melanogaster (SEQIDNO:8), D.
rerio (SEQ ID NO:11), X laevis (SEQ ID NO:12), G. gallus
(SEQID NO:13), mFIT2 (NM173397, NP775573) (SEQ ID
NO:4), hFIT2 (XM371399, XP371399) (SEQ ID NO:2),
hFIT1 (NM203402, NP981947) (SEQ ID NO:1), and mFIT1
(NMO26808, NP081084) (SEQ ID NO:3). Additional FIT
sequences are shown in the Sequence Listing: S. cerevisiae
(SCS3,NP011389, NC001139) (SEQ ID NO:6), A. gambiae
(SEQ ID NO:9), T nigroviridis (SEQ 1D NO:10), P. troglo-
dytes FIT2 (SEQ ID NO:14), C. familiaris FIT2 (SEQ ID
NO:15), B. taurus FIT2 (SEQIDNO:16), P. troglodytes FIT1
(SEQIDNO:17), C. familiaris FIT1 (SEQIDNO:18),and B.
taurus FIT1 (SEQ ID NO:19).

[0019] FIG. 6. Fenofibrate induction of FIT1 and FIT2 in
mouse liver and heart. Mice were fed fenofibrate (FF) as
described in materials and methods. Total RNA (15 pg) was
subjected to Northern blot analysis. PPARalpha deficient
mice (a—/-) served to demonstrate dependence of induction
on PPARalpha. GAPDH served as a loading control.

[0020] FIG. 7. Titration of FIT expression plasmids in
HEK293 cells. HEK293 cells were transiently transfected
with the concentrations of plasmid DNA indicated for each
construct shown above the Western blots. M, mock trans-
fected; F1V5, mouse FIT1-V5; F2V5, mouse FIT2-V5; F1,
mouse FIT1; F2, mouse FIT2. p-actin served as a loading
control. The Western blot on the far left was probed with
anti-V5 antibody, and blots to the right were probed with
either anti-FIT1 or anti-FIT2 antibodies. 2.4 pg of FIT1-V5
and 0.9 pg of FIT2-V5 plasmid consistently gave similar
expression levels and were used thought this study.

[0021] FIG. 8. V5 epitope tagged FIT proteins produce
lipid droplets. HEK293 cells were transiently transfected
with FIT1-V5 and FIT2-VS5 and lipid droplets were visual-
ized by staining cells with BODIPY493/503. Control cells
were mock transfected.

[0022] FIG. 9. FIT proteins cause lipid droplet formation in
Hela cells. HelLa cells were transiently transfected with
mouse FIT1 and FIT2 and lipid droplets were visualized by
staining cells with BODIPY493/503. Control cells were
mock transfected.

[0023] FIG. 10. Expression analysis of genes involved in
TG biosynthesis in FIT expressing cells. Northern blot analy-
sis was performed on total RNA (15 pg) from HEK 293 cells
transfected with mouse FIT1 or FIT2, and hybridized to
human DNA probes that listed. Acl, citrate lyase; acc, acteyl-
CoA carboxylase; fas, fatty acid synthase; gpat, glyceralde-
hyde phosphate acyltransferase; dgat2, diacylglycerol acyl-
transferase 2; dgatl, diacylglycerol acyltransferase 1; adrp,
adipocyte differentiation related protein; fit, either human fit1
or fit2. f-actin was used as a loading control.

[0024] FIG. 11A-11B. Triglyceride biosynthesis and
lipolysis assays in FIT2 knockdown cells. (A) Triglyceride
synthesis measurements were performed at each time point
during differentiation using **C glycerol and TLC analysis of
triglyceride levels quantified by Phosphorlmager analysis.
Each time point contained 3 independent samples for each
condition, and represented as mean+std, p<0.001. 3 indepen-
dent samples were used for each condition, and represented as
means=std, p<0.001. (B) Lipolysis assays performed on cell
lysates from NIH 3T3-L1 cells at day 4 and day 6 of differ-
entiation. No differences were observed between control and
shRNAcont and FIT2shRNA adipocytes.
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[0025] FIG.12.FIT1 is overexpressed in steatotic livers of
ob/ob mice. RNA was isolated from wild-type and ob/ob
mouse livers and adipose tissue and analyzed by Northern
blot (20 pg of RNA per lane). Figure shows results from two
independent mice per genotype. FIT1 is upregulated in both
livers and adipose tissue of ob/ob mice compared to wild-type
lean controls.

[0026] FIG. 13A-13B. FIT1 and FIT2 overexpression in
mouse liver increases lipid deposition. (A) Control adenovi-
rus injected mice had normal lipid deposition and liver mor-
phology, while mice injected with the AAFIT1 and AdFIT2
adenovirus showed an accumulation of lipid in livers. Left
column, Ad control; middle column, Ad FIT1; right column
Ad FIT2. (B) FIT1 and FIT2 protein levels are increased in
mouse livers injected with FIT1 and FIT2 adenoviruses com-
pared to control injected mice.

[0027] FIG. 14. Rosiglitazone induces mFIT2 expression.
NIH 3713 preadipocytes were differentiated for the days indi-
cated and treated or not treated with 1 uM rosiglitazone for 24
hrs. FIT2 mRNA was increased at all time points of differen-
tiation by treatment with rosiglitazone (-, no rosiglitazone;
+1 UM rosiglitazone). All lanes are from duplicate wells of
cells.

[0028] FIG. 15. Lipid droplet formation in HEK 293 cells
expressing wild-type or mutant FIT2. Mock, mock trans-
fected control; WT, wild-type FIT2; FLL 157-9 AAA muta-
tion, L164A mutation, E169A mutation.

[0029] FIG.16. Western blot of FIT2 protein levels in HEK
293 cells expressing wild-type or mutant FIT2. M, mock
transfected control; WT, wild-type FIT2; FLL, 157-9FL-
LAAA mutation, L, L164A mutation, E, E169A mutation.
All mutants and wild-type are c-terminally tagged with the
V5 epitope.

[0030] FIG. 17. Human FIT2 expression produces lipid
droplets. Overexpression of human FIT2 (hFIT2) and human
FIT2 with a C-terminal V5 epitope tag (hFIT2-V5) in
HEK293 cells resulted in numerous lipid droplets compared
to mock transfected control cells.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The invention provides a method of reducing fat
storage in a tissue in a subject by administering to the subject
an amount of an agent that is effective to decrease the level of
FIT1 and/or FIT2 in the tissue in the subject. Preferably, the
reduced fat storage involves reduced storage of cytoplasmic
fat.

[0032] The subject can be a mammal, such as a mouse, rat,
cat, dog, horse, sheep, cow, steer, bull, livestock, or monkey or
other primate. Preferably, the subject is a human. The subject
can have a disease involving storage of cytoplasmic fat in
droplets. For example, the subject can have one or more of
obesity, diabetes, metabolic syndrome, fatty liver disease,
steatosis, steatohepatitis, atherosclerosis, diabetic nephropa-
thy, and hepatitis C infection.

[0033] An examination of human tissues showed that FIT1
is primarily expressed in heart and skeletal muscle, while
FIT2 is expressed in all tissues investigated (FIG. 1). Accord-
ingly, agents that reduce FIT1 would be expected to decrease
fat storage primarily in the heart and skeletal muscle, while
agents that reduce FIT2 would be expected to decrease fat
storage in a wide range of tissues including, for example,
heart, lung, liver, kidney, brain and adipose tissue. Decreasing
fat storage especially in adipose tissue would be expected to
result in loss of body weight.
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[0034] The methods can involve intervention at the level of
DNA, RNA, and/or protein. For example, the presence or
activity of FIT1 and/or FIT2 can be reduced by addition of an
antisense molecule, a ribozyme, or an RNA interference
(RNAi) molecule such as short hairpin RNA (shRNA), where
the antisense molecule, ribozyme or RNAi molecule specifi-
cally inhibits expression of FIT1 or FIT2. The antisense mol-
ecule, ribozyme, or RNAi molecule can be comprised of
nucleic acid (e.g., DNA or RNA) or nucleic acid mimetics
(e.g., phosphorothionate mimetics) as are known in the art.
Methods for treating tissue with these compositions are also
known in the art. The antisense molecule, ribozyme or RNAi
molecule can be added directly to the tissue in a pharmaceu-
tical composition that preferably comprises an excipient that
enhances penetration of the antisense molecule, ribozyme or
RNAi molecule into the cells of the tissue. The antisense
molecule, ribozyme or RNAi can be expressed from a vector
that is transfected into the tissue. Such vectors are known in
the art.

[0035] The presence oractivity of FIT1 and/or FIT2 can be
reduced by addition of an antibody or aptamer to the tissue,
wherein the antibody or aptamer specifically binds to and
reduces the activity of FIT1 or FIT2 in the tissue. The anti-
body or aptamer can be added directly to the tissue, preferably
in a pharmaceutical composition comprising an agent that
enhances penetration of the antibody or aptamer into the
tissue. The antibody or aptamer can be encoded on a vector
that is used to transfect the tissue. The antibody can be a
polyclonal antibody or a monoclonal antibody. The antibody
can be a humanized antibody. Preferably, the antibody is an
internalizing antibody that is taken up by cells. The agent can
be a small molecule.

[0036] The invention also provides a method of increasing
fat storage in a tissue in a subject by administering to the
subject an amount of an agent that is effective to increase the
level of FIT1 and/or FIT2 in the tissue in the subject. The
commercial compounds TZDs (e.g. rosiglitazone) can be
used to increase FIT2. Increasing fat storage in tissues may be
useful for treating malnutrition or for creating animal models
for disease. In addition, since the anti-diabetic drugs TZDs
also increase body weight and data presented herein show that
they increase FIT2 in adipocytes, increased FIT2 expression
in adipocytes might be part of the anti-diabetic effect of
TZDs.

[0037] In different forms of the methods disclosed herein,
the agent can target amino acids phenylalanine-leucine-leu-
cine (FLL), corresponding to amino acids 157 through 159 of
mouse FIT2 (mFIT2); amino acid leucine (L), corresponding
to amino acid 164 of mFIT2; and/or amino acid glutamic acid
(E), corresponding to amino acid 169 of mFIT2.

[0038] The invention also provides a method of screening
for a disorder involving regulation of fat storage in tissue, the
method comprising determining the level of expression and/
or activity of FIT1 and/or FIT2 in a blood, body fluid, tissue
biopsy or cell sample (e.g., skin cells) from a subject, wherein
alternation from normal of the level of expression or activity
of FIT1 and/or FIT2 in the sample is indicative of a disorder
involving regulation of fat storage in tissue. For example, the
assays can involve measuring the level of FIT1 and/or FIT2
mRNA expression, the level of FIT1 and/or FIT2 protein, or
FIT1 and/or FIT2 protein activity levels. In different
examples, the expression or activity of FIT1 and/or FIT2 is
increased or decreased in comparison to the level found in
subjects not having a disorder involving regulation of fat
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storage. The disorder may be; for example, obesity, type 2
diabetes, metabolic syndrome, fatty liver disease (steatosis
and steatohepatitis), atherosclerosis, diabetic nephropathy,
hepatitis C infection, viral infection, or a disorder of cardiac,
kidney, muscle or liver function.

[0039] The invention also provides a method for screening
for a candidate agent that can reduce fat storage in tissue by
determining whether or not the agent is effective to decrease
the level of FIT1 and/or FIT2 in tissue or cells, wherein the
method comprises contacting the agent with cells or tissue
that express FIT1 and/or FIT2, and wherein reduction in
expression and/or activity of FIT1 and/or FIT2 is indicative
that the agent is a candidate agent for reducing fat storage in
tissue.

[0040] The invention further provides a method for screen-
ing for a candidate agent that can increase fat storage in tissue
by determining whether or not the agent is effective to
increase the level of FIT1 and/or FIT2 in tissue or cells,
wherein the method comprises contacting the agent with a
cells or tissue that express FIT1 and/or FIT2, and wherein an
increase in expression and/or activity of FIT1 and/or FIT2 is
indicative that the agent is a candidate agent for increasing fat
storage in tissue.

[0041] To screen for activators or inhibitors of FIT1 or
FIT2, mammalian, insect, or yeast cells can be stably or
transiently transfected with FIT1 or FIT2 gene under regu-
lated control (such as the tet-on system) or constitutively
active regulation. FIT1 and FIT2 expressing cells can be
treated with molecules such as chemicals, proteins, nucleic
acids (e.g., RNAI, antisense oligonucleotides (ASO), aptam-
ers) and then or prior to treatment FIT1 and FIT2 expression
is induced. Cells can be screened for fluorescence of lipid
droplets (automated using a fluorimeter, facs sorter, micro-
scope with camera, or manually visibly) by incubating cells
with BODIPY 492/503 or Nile red, or other lipophilic dye
(specific for neutral lipids such as oil-red-o0). Alternatively,
cellular neutral lipids can be screened by mass measurements
of lipids (e.g., using TLC, mass spec, gas chromatography).
Compounds that result in cells having enhanced fluorescent
signals or neutral lipid mass will be considered as activators
and further studied/verified. Compounds that result in cells
having decreased fluorescent signals or neutral lipid mass
will be considered as inhibitors and further studied/verified.
[0042] The following is a description of a specific example
of a protocol that can be used to screen for small molecule
inhibitors of FIT proteins. Infect NIH-3T3 L1 preadipocytes
in 96 well plates with adenoviruses (1x10® particles per m])
expressing either FIT1 or FIT2 for 2 hours in normal growth
media (DMEM). Remove virus and incubate cells in normal
growth conditions (37 deg C., 5% CO, chamber) overnight.
Next day, a single species of chemical will be added to indi-
vidual wells and incubated for 24 hrs. The next day the pres-
ence of lipid droplets will be detected by adding 20 pg/ml of
BODIPY 492/503 lipid stain for 20 minutes. Cells will be
washed and imaged using a fluorimeter or fluorescent micro-
scope. Drugs or agents that are effective in blocking lipid
droplet formation are those that result in a decrease in fluo-
rescence signal at a wavelength of 510-665 nm. Drugs or
agents that are identified through this screen can be further
analyzed for specificity toward FIT proteins and cytotoxicity.
[0043] Inaddition, mouse embryo fibroblasts isolated from
FIT2 knockout embryos may also serve as a suitable model
for the screening methods described herein. These fibroblasts
canbe stably or transiently transfected with FIT1 and/or FIT2
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under the control of regulated or constitutively active promot-
ers. These cells may have the advantage over other cell types
because they do not have endogenous FIT2 or FIT1 expres-
sion and thus have lower “background” lipid droplet forma-
tion.

[0044] The cell culture screens for activator and inhibitors
of FIT 1 and FIT2 can use, for example, human FIT1 and/or
human FIT2 genes or mouse FIT1 and/or TIF2 genes.
[0045] Theinventionalso provides a transgenic mammal in
which FIT1 and/or FIT2 is overexpressed in one or more
tissue. Preferably, fat storage is increased in the tissue com-
pared to a wild-type mammal. For example, FIT1 and/or FIT2
can be overexpressed in the liver, heart, and/or skeletal
muscle. As another example, FIT2 can be overexpressed in
adipose tissue. The adipose tissue can be white and/or brown
adipose tissue. The invention further provides a mammal that
has been genetically altered so that expression of FIT1 and/or
FIT2 is reduced in one or more tissue. Preferably, fat storage
is reduced in the tissue in comparison to a wild-type mammal.
For example, the mammal can be a FIT1 knockout or FIT1
conditional knockout or can be heterozygous for FIT1. The
mammal can also be heterozygous for FIT2 or be a FIT2
conditional knockout. The mammal can be a non-human
mammal such as a mouse.

[0046] This invention will be better understood from the
Experimental Details that follow. However, one skilled in the
art will readily appreciate that the specific methods and
results discussed are merely illustrative of the invention as
described more fully in the claims that follow thereafter.

EXPERIMENTAL DETAILS
Materials and Methods

[0047] Reagents. FirstChoice Human Blot 1 (purchased
from Ambion, cat#3140). Mouse total RNA was extracted
from C57BL/6] mice and 15 pg of total RNA was used for
Northern blot analysis. Rabbit polyclonal antibodies were
raised against peptides corresponding to the C-terminal 15
amino acids of murine FIT1 and FIT2. Anti-V5 antibodies
were purchased from Invitrogen Corporation. Full length
FIT1 and FIT2 cDNAs were amplified from cDNA generated
from mouse liver RNA using Thermoscript RT with polyDT
primers (Invitrogen Corporation), followed by subcloning
into pcDNA3.1 Directional TOPO (Invitrogen Corporation).
BODIPY 493/503 and Nile Red were purchased from Invit-
rogen Corporation and used at 10 pg/ml.

[0048] Mice and gene arrays. 3 male wild-type mice and 3
male PPARalpha-/- mice (purchased from Jackson labs, Bar
Harbor, Me.) were fed a chow diet containing 0.2% fenofi-
brate (purchased from Sigma-Aldrich) for 7 days. After day 7,
mice were euthanized and liver RNA extracted. RNA from
the 3 wild-type mice and 3 PPARalpha—/- mice were pooled
in equal proportions to create 2 pools of RNA (wild-type
versus PPARalpha—/-). RNA was processed by standard
Affymetrix protocols to screen the MG__430 2.0 mouse gene
expression array.

[0049] Manual analysis of the gene array data revealed the
presence of sequence 1451488 on the array (See Affymetrix
data file at Gene Expression Omnibus) to be induced in the
wild-type mice relative to the PPARalpha-/- mice. 1451488
corresponds to gene bank accession number NM_ 026808.
Using the BLAST search algorithm by NCBI, FIT2 (Affyme-
trix number 1454935 and accession number NM__173397)
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and many other FIT orthologs were identified (FIG. 6).
Sequence alignments were made using the publicly accessed
program ClustaW.

[0050] Cell culture. HEK293, and HeL a cells were grown
in DMEM 10% FBS.NIH-3T3 L1 adipocytes were a kind gift
from Philip Scherer and grow and differentiated by standard
methods (24).

[0051] Membrane fractionation. Mouse hearts were
homogenized with 25 strokes using a dounce homogenizer in
a buffer containing 10 mM Hepes pH7.4, 1 mM MgCl2 and
proteinase inhibitors (Complete EDTA free, Roche) followed
by 3 brief sonication pulses on ice. Nuclei were removed by a
2000xg spin for 5 min and samples were loaded on the top of
a continuous sucrose gradient and centrifuged in a SW41
rotor at 100,000xg for 18 hrs. The continuous sucrose gradi-
ent was prepared by mixing a 1.1 M sucrose solution made in
the above buffer used for homogenization with a 0.58M
sucrose solution made in the same buffer using a standard 12
ml gradient maker. After centrifugation, the top 3 fractions
(800 pl each) were discarded because of visible cellular
debris. All subsequent 800 pl fractions were collected for
Western blot analysis.

[0052] Confocal  immunofluorescence  microscopy.
HEK293 cells were transiently transfected with expression
plasmids for mFIT1 and mFIT2 with C-term V5 tags and
RFP-KDEL. Cells were fixed with 10% formalin for 15 min-
utes at room temperature, followed by permeablization with
0.1% triton X-100. Cells were then blocked with Goat serum
(5%) followed by consecutive incubations with anti-V5 anti-
body, and anti-mouse Alexa 488. After several post-antibody
washes, cells were visualized by confocal microscopy using a
BioRad Radiance 2000 Laser Scanning Confocal Micro-
scope.

[0053] Human FIT expression. Human FIT2 cDNA
(hFIT2) was amplified from the human hepatic cell line
HepG2 using primers forward primer: 5'-CACCATGGAG-
CATCTGGAGCGCTGCGAGTGGTTGTTGCG-3'  (SEQ
ID NO:56) and reverse primer: 5'-TTATTTCTTGTAAC-
TATCTTGCTTCAAATTCAAAC-3' (SEQ ID NO:57). To
produce a V5-epitope tagged version of hFIT2 (hFIT2-V5)
the following reverse primer was used instead of the one
described  above:  S-TTTCTTGTAACTATCTTGCT-
TCAAATTCAAACTAC-3' (SEQ ID NO:58). The amplified
hFIT2 ¢cDNA was subcloned into pcDNA3.1 topo directional
plasmid (Invitrogen Corp.). To test if hFIT2 and hFIT2-V5
can produce droplets, HEK293 cells were transfected with
2.4 ug of the above described plasmid expressing hFIT2 and
stained 36 hr posttransfection with the lipid droplet stain
BODIPY493/503. Lipid droplets were visualized by fluores-
cence microscopy.

[0054] TLC assays. Lipids were extracted from cells in
culture using HIP: Hexane:isopropanol (3:2 V/V). Triglycer-
ide and cholesterol ester mass was quantified using TLC
according (21, 25). The TLC solvent system used was Hex-
ane:Ethyl ether: Acetic acid (80:20:1).

[0055] Triglyceride biosynthesis and DGAT assays. Cells
in culture were incubated with 7.5 uCi/mL of 14C-glycerol
(Specific activity: 125-180 mCi/mmol, NEN-Amersham) for
the indicated times, followed by extraction with HIP and
separation by TLC as referenced above. Radioactive triglyc-
erides were quantified using Phosphorlmager analysis and
represented as arate of triglyceride production using arbitrary
units obtained from Phosphorlmager analysis.
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[0056] Lipase activity assay. Total cellular lipase activity
was measured using the established method of Holm and
Osterlund in Methods in Molecular Biology 1999; 109, p
109-121.

[0057] Lentivirus shRNA. The following short hairpin
RNA (shRNA) sequences (sense strand shown) were used to
knockdown mouse FIT2 expression: shRNAcont, CAC-
CGAATTCTCCGAACGTGTCACGC-
GAACGTGACACGTTCGGAGAA (SEQ ID NO:20y;
shRNAFIT2, (SEQ ID NO:21) CACCGCACCATGTTTG-
GTTTGTTGGCGAACCAACAAACCAAACATGGTGC.

[0058] Double stranded shRNA DNAs were used to gener-
ate lentiviruses using the U6 promoter driven BLOCK-iT
Lentivirus RNA1 expression system (Invitrogen Corpora-
tion). Knockdown of human FIT2 in HEK293 cells was per-
formed by stably transfection using pEntryU6 vector (Invit-
rogen Corp). NIH-3T3 L1 pre-adipocytes and HepG2 cells
were infected with an MOI of 10-50.

[0059] FIT2 mutations. FLL157-9 and single 164L and
169E residues were changed to alanines using standard PCR
mutagenesis methods on the mouse FIT2 ¢cDNA. Mutants
were subcloned into pcDNA3.1 Topo Directional plasmid
(Invitrogen corp.) for expression in HEK 293 cells. HEK 293
cells were transfected with 2 pg of DNA from each construct
and cells were stained 36 hrs after transfection with
BODIPY493/503 (10 pg/ml for 10 minutes) to visualize lipid
droplets.

[0060] Mouse transgenic models of FIT) and FIT2 overex-
pression: liver-specific expression. Transgenic mice were
generated that overexpress mouse FIT1 and FIT2 specifically
in liver using the murine albumin promoter (Albe/p vector,
kind gift from Ronald Kahn, Harvard University). FIT1 and
FIT2 located in pcDNA3.1 Directional vector were digested
with HindIII-EcoRV and blunt ended using Klenow enzyme.
A bovine growth hormone polyadenylation sequence was
amplified by PCR from pcDNA3.1 using primers containing
a 5' BamHI site and a 3' EcoRV site. This PCR product was
digested with the aforementioned restriction enzymes and
subcloned into Albe/p vector digested with the same enzymes
and now designated Albe/p-BGH. This step introduced a
necessary polyadenylation sequence. Next, the FIT1 and
FIT2 blunt ended DNA fragment was subcloned into Albe/p-
BGH digested with EcoRV yielding FIT1-, FIT2-Albe/p-
BGH construct. This construct was then used to create trans-
genic mice at the Albert Einstein College of Medicine.

[0061] Mouse transgenic models of FIT1 and FIT2 overex-
pression: muscle-specific expression. Transgenic mice were
generated that overexpress mouse FIT1 specifically in skel-
etal muscle using the muscle creatine kinase promoter (MCK
pCK4800, kind gift from Rhonda Bassel-Duby, UT South-
western Medical Center). The transgene was constructed by
subcloning HindIII-EcoRV blunt ended FIT1 ¢cDNAs into
MCK pCK4800 digested with EcoRV to yield MCK-FIT1.

[0062] Mouse transgenic models of FIT1 and FIT2 overex-
pression: heart-specific expression. Transgenic mice were
generated that overexpress mouse FIT1 specifically in cardiac
myocytes using the alpha myosin heavy chain promoter
enhancer vector (alpha-MHC vector, a kind gift of Ira Gold-
berg, Columbia University). To generate the transgene con-
struct alpha-MHC vector was digested with Sall and made
blunt using klenow enzyme. A HindIII-EcoRV blunt ended
fragment of FIT1 was subcloned into the digested alpha-
MHC vector to generate alpha-MHC-FIT1.
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[0063] Mouse transgenic models of FIT1 and FIT2 overex-
pression: adipose-specific expression. Transgenic mice were
generated that overexpress mouse FIT2 specifically in adi-
pose tissue (white and brown adipose) using the Ap2 pro-
moter/enhancer (kind gifts from Philip Scherer, Albert Ein-
stein College of Medicine). To produce this transgene the
3'UTR Ap2 enhancer was digested with HindIIT-EcoRV. FIT2
was digested with HindIII-EcoRV (from pcDNA3.1) and
ligated into the vector containing the 3'UTR Ap2 enhancer to
vield FIT2-3'UTR. The Ap2 promoter was digested with
Xmal then made blunt, followed by digestion with Sall. FIT2-
3'UTR was digested with HindIII and made blunt, then cut
with Sall. The Ap2 digested fragment was then ligated into
FIT2-3'UTR to make the final transgene Ap2-FIT2-3'UTR.
[0064] Mouse deficiency models for FIT1 and FIT2: FIT1
gene targeted mice. BAC recombineering methods were uti-
lized according to the protocols found in Warming et al. (26)
and publicly available at http://recombineering.ncifcrf.gov/.
All materials obtained to perform BAC recombineering were
obtained free of charge from NIH Division of Technology
Development and Transfer Office (Phone: 301-435-5502).
BAC RP23-186J4 (referred to as BAC J4) was purchased
from Children’s Hospital Oakland Research Institute. BAC J4
was electroporated into SW102 cells for further use in recom-
bineering. Plasmid p1452 was used as template to add on 50
base pairs of homology flanking the NEO cassette located in
p1452. The primer sequences are as follows: forward primer:
CATTAGCCCCTCCTCAGCCTCCAGCA-
GAGCAGACAGTTAGTGGGGAGGGGCCAT  GGecgat-
catattcaataacce  (SEQ 1D NO:22); reverse primer:
TGTTTGCGCATTGAGCGGGATCGAGG-
GAAGAGCCCGTGGCCTGGGATCCCATAA  CTTCG-
TATAGCATAC (SEQ ID NO:23). Plasmid pl1452 has the
sequence set forth in SEQ ID NO:54.

[0065] Purified PCR product (200 ng) was used to elec-
troporate SW102 cells harboring BAC J4, and Kan and Chlor
resistant colonies were selected for on plates (designated as
BAC J4-NEO). Verification of correct targeting was carried
out using the following pairs of PCR primers:

(SEQ ID NO: 24)

1) FIT1F-TVP, GTTGACCGTCAGTCCTCAAACTGGCCCCTTGC;

(SEQ ID NO: 25)

PGK-R-TVP, GCTTGGCTGGACGTAAACTCCTCTTCAGACC;

(SEQ ID NO: 26)

2) FIT1R-TVP, GAAAAGAATCGGAGGAGACAGAGCCAGGCCTGG;

(SEQ ID NO: 27)

BGH-F-TVP, GAACCAGCTGGGGCTCGACTAGAGCTTGCGG.

[0066] Inaddition, Southernblotanalysis was performed to
confirm proper targeting. BAC J4-NEO DNA was digested
with Ncol and probed with a radiolabeled PCR fragment (300
bp fragment) generated using the following two PCR primers
and BAC J4 as template:

Ncol-F: Acacaagttttgcacagacatagatgcagg (SEQ ID NO:28);

Nco-R: Caacttcacacagectagaatcatctgagaggagaace (SEQ 1D
NO:29).

[0067] Following confirmation that exon 1 and exon 2 were
replaced by the NEO cassette from plasmid p1452, a diph-
theria toxin cassette with Amp resistance, DTA (kind gift of
Chingwen Yang, Rockefeller University) was homologously
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recombined into BAC J4-NEO. 50 bp homology arms were
add by PCR to the DTA cassette using the following pair of
primers:

FIT-DTA-F:
(SEQ ID NO: 30)
ACACAAGTTTTGCACAGACATAGATGCAGGTAAAATATACATAAGTAAGC

GAACAACTCCGCCGCGCGCGCTC;

FIT-DTA-R:
(SEQ ID NO: 31)
CAACTTCACACAGCCTAGAATCATCTGAGAGGAGAACCTCAATGGAGGAA

GAGTAAACTTGGTCTGACAG.

[0068] PCR product (200 ng) was electroporated into
SW102 cells harboring the BAC J4-NEO and colonies were
selected that were Chlor, Kan and Amp resistant. Targeting of
the DTA cassette was verified using the following two sets of
PCR primer pairs:

(SEQ ID NO: 32)

1) FIT3F-TVP, CAGGCTGCTCTTCAGGAGTATATCTGGGTTC;

(SEQ ID NO: 33)
POLIIP1R-TVP, CCGGGAGCCACCTTCTTCTCCAACCGTCCCGR;

(SEQ ID NO: 34)

2) FIT3R-TVP, AGTTACAGACAATTGTGAGTTGCCATGTGGC;

(SEQ ID NO: 35)

AMP1F-TVP, CTGAGATAGGTGCCTCACTGATTAAGCATTGG.

[0069] 10 pg of BAC J4-NEO-DTA was cut with Notl to
linearize and then electoporated into embryonic stem (ES)
cells at the Columbia University Transgenesis facility. 45 ES
cells were screened for homologous recombination using the
following two PCR primers:

(SEQ ID NO: 36)

FIT-ES1-TVP-F, GTACCCCACAGTCACATCCATAGGACAATCC;

(SEQ ID NO: 37)

FIT-ES1-R, CTAACTGTCTGCTCTGCTGGAGGCTGAGGAGG .

[0070] Targeted ES cells were then confirmed by Southern
blot analysis using the Ncol probe as described above. The
targeted D5 ES cell line was used to generate chimeric mice.
The FIT1 Knockout mice are viable and fertile.

[0071] Mouse deficiency models for FIT1 and FIT2: FIT2
gene targeted mice. BAC recombineering methods were uti-
lized according to the protocols found in Warming et al. (26)
and publicly available at http://recombineering.ncifcrf.gov/.
All materials obtained to perform BAC recombineering were
obtained free of charge from NIH Division of Technology
Development and Transfer Office (Phone: 301-435-5502).
BAC RP23-36P22 (referred to as BAC P22) was purchased
from Children’s Hospital Oakland Research Institute. BAC
P22 was electroporated into SW105 cells for further use in
recombineering to specifically delete exon2. Plasmid p1452
was used as template to add on 50 base pairs of homology
flanking the NEO cassette located in p1452. The primer
sequences are as follows:
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pL452FIT2a-F,
(SEQ ID NO: 38)
GCTCAGAGGAGGCAGACATGGCAGATGTTGCTGTATCTGGCCTAATGAAC

ccgatcatattcaataaccce;

pL452FIT2a-R,
(SEQ ID NO: 39)
ACGTGGGAATCCTATTAGCCATTGTCCTCCTGTCCCTATGTCCTTCTCTT

ataacttcgtatagcatac.

[0072] Purified PCR product (200 ng) was used to elec-
troporate SW105 cells harboring BAC P22, and Kan and
Chlor resistant colonies were selected for on plates (desig-
nated as BAC P22-NEO). Verification of correct targeting
was carried out using the following pairs of PCR primers:

(SEQ ID NO: 40)
1) FIT2-TVPlc-F, TAAGAATAGAGTGTAAGGGTGGTAGTTGTTCC;

(SEQ ID NO: 25)

PGK-R-TVP, GCTTGGCTGGACGTAAACTCCTCTTCAGACC;

(SEQ ID NO: 41)
2) FIT2-TVP1ld-F, CCTTCATCCTTCCCCACTCGTAGTGGCTGGTC;

(SEQ ID NO: 27)

BGH-F-TVP, GAACCAGCTGGGGCTCGACTAGAGCTTGCGG.

[0073] Following confirmation that exon 2 were replaced
by the NEO cassette from plasmid p1452, a diphtheria toxin
cassette with Amp resistance, DTA (kind gift of Chingwen
Yang, Rockefeller University) was homologously recom-
bined into BAC P22-NEQO. 50 bp homology arms were add by
PCR to the DTA cassette using the following pair of primers:

FIT2-DTA-F,
(SEQ ID NO: 42)
ACAGTCCCAGCTCCCATGGCACTCCTCACTGTAAATATAACTCGCCGATG

gaacaactccgecgegegaegete;

FIT2-DTA-R,
(SEQ ID NO: 43)
GCTGGCCTGGAACTCACTT TATAGAGAGGGCTGGTTTTGAACCTGTGTT

Ggagtaaacttggtctgacag.

[0074] 200 ng of PCR product was electroporated into
SW102 cells harboring the BAC P22-NEO and colonies were
selected that were Chlor, Kan and Amp resistant. Targeting of
the DTA cassette was verified using the following two sets of
PCR primer pairs:

(SEQ ID NO: 44)
1) FIT2-TVP5-F, CTTCGTGCACACTAGTCAAGCATCCTACCAAC;

(SEQ ID NO: 33)
POLIIPLR-TVP, CCGGGAGCCACCTTCTTCTCCAACCGTCCCGE;

(SEQ ID NO: 45)
2) FIT2-TVP7-R, CTATTTTGAAACAGGATCTCTTACGTGACCC;

(SEQ ID NO: 35)

AMP1F-TVP, CTGAGATAGGTGCCTCACTGATTAAGCATTGG.

[0075] 10 pg of BAC P22-NEO-DTA was cut with Notl to
linearize and then electoporated into ES cells at the Columbia
University Transgenesis facility. 48 ES cells were screened
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for homologous recombination by Southern blot analysis. ES
cell DNA was digested in 96 well plates with Ncol and probed
with a 300 bp fragment, which is the same fragment replaced
by the DTA cassette on the P22 BAC. Wild-type alleles
vielded a 2.8 kb fragment and targeted alleles resulted in the
appearance of a 3.5 kb fragment.

[0076] The targeted A3, ES cell line was used to generate
chimeric mice. It was been determined that deletion of FIT2
results in embryonic lethality and therefore conditional FIT2
targeted mice were generated as described below.

[0077] FIT2 Conditional targeted mice. Based on the find-
ing described herein that gene targeted deletion of FIT2
results in embryonic lethality, BAC recombineering was used
to produce a “foxed” allele of FIT2 to conditionally knock it
out in adult mice.

[0078] The same BAC, P22 was used for generating an
engineered targeting vector. For insertion of a single loxP site
withinintron 1 upstream of exon 2, pl.451 was PCR amplified
to introduce 50 bp homology arms to this region using the
following primers (uppercase letters correspond to vector
sequences of pL.451):

FIT2pL45la-F,
(SEQ ID NO: 46)
taatgaaccaggagcccagcagcectggcacgecaattgtttaggggtage

GATATCGAATTC;

FIT2pL45l1a-R,
(SEQ ID NO: 47)
gaaaaaaagaaagaaagaaagcgagcaagctttagttcaagctacaagac

AGTGGATCCACC.

Plasmid p1451 has the sequence set forth in SEQ ID NO:55.
[0079] 200 ng of PCR product was electroporated into
SW105 cells harboring the P22 BAC and cells were selected
for kanamycin resistance yielding P22-NEO. Homologous
recombination was verified using the following primers:

(SEQ ID NO: 48)
1) FIT2-TVPC1l-R, accacatggtggctcataaccatctgtcatyg;

(SEQ ID NO: 27)

BGH-F-TVP, GAACCAGCTGGGGCTCGACTAGAGCTTGCGG
(SEQ ID NO: 49)
2) FIT2-TVPlc-F, TAAGRAATAGAGTGTAAGGGTGGTAGTTGTTCC;
(SEQ ID NO: 25)

PGK-R-TVP, GCTTGGCTGGACGTAARACTCCTCTTCAGACC.

[0080] The Neo cassette was then removed from BAC-
NEO by treating cells with arabinose to induce the endog-
enous flip recombinase resulting in a single loxP and Frt site
left behind in intron 1, and also sensitivity to kanamycin. This
construct is called BAC-Frt-1oxP.

[0081] Next, insertion of a second loxP site downstream of
exon 2 was made by PCR amplification of pL451 with the
following primers:

FIT2pL451b-F,
(SEQ ID NO: 50)
acaagcttagttggcagactetgetggeggtgecaccatgttgecageayg

GATATCGAATTC;
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-continued
FIT2pL451b-R,

(SEQ ID NG: 51)
acgatgaggcaggctgctetecctetgetgagectecagetctecetetygg

AGTGGATCCACC.

[0082] 200 ng of PCR product was electroporated into
SW105 cells harboring BAC-Frt-loxP and cells were again
selected for kanamycin resistance and the new recombined
BAC was designated BAC-Frt-Loxp-exon2-NEO-loxP.
[0083] Homologous recombination was verified using the
following primers:

(SEQ ID NO: 52)
1) FIT2-TVPC-4R, agtgagttccagaacacgcagggcetacacag;

(SEQ ID NO: 27)

BGH-F-TVP, GAACCAGCTGGGGCTCGACTAGAGCTTGCGG;

(SEQ ID NO: 53)
2) FIT2-TVPC5-F, gctcagcagagggagagcagectgectgategt;

(SEQ ID NO: 25)

PGK-R-TVP, GCTTGGCTGGACGTAAACTCCTCTTCAGACC.

[0084] Following confirmation that exon 2 was flanked by
both an upstream loxp-fit site and downstream loxp-neo cas-
sette from pL.451, a diphtheria toxin cassette with Amp resis-
tance, DTA (kind gift of Chingwen Yang, Rockefeller Uni-
versity) was homologously recombined into BAC P22-NEO.
50 bp homology arms were add by PCR to the DTA cassette
using the following pair of primers:

FIT2-DTA-F:
(SEQ ID NO: 42)
ACAGTCCCAGCTCCCATGGCACTCCTCACTGTAAATATAACTCGCCGATG

gaacaactcegecgegegegete;

FIT2-DTA-R:
(SEQ ID NO: 43)
GCTGGCCTGGAACTCACTTTATAGAGAGGGCTGGTTTTGAACCTGTGTTG

gagtaaacttggtctgacag.

[0085] 200 ng of PCR product was electroporated into
SW105 cells harboring the BAC-P22 Frt-Loxp-exon2-NEO-
loxP and colonies were selected that were Chlor, Kan and
Amp resistant. The completed vector is now designated BAC-
P22 Frt-Loxp-exon2-NEO-loxP-DTA. Targeting of the DTA
cassette was verified using the following two sets of PCR
primer pairs:

(SEQ ID NO: 44)
1) FIT2-TVP5-F, CTTCGTGCACACTAGTCAAGCATCCTACCAAC;

(SEQ ID NO: 33)
POLIIP1R-TVP, CCGGGAGCCACCTTCTTCTCCAACCGTCCCGR;

(SEQ ID NO: 45)
2) FIT2-TVP7-R, CTATTTTGAAACAGGATCTCTTACGTGACCC;

(SEQ ID NO: 35)

AMP1F-TVP, CTGAGATAGGTGCCTCACTGATTAAGCATTGG.

[0086] 10 ug of BAC-P22 Frt-Loxp-exon2-NEQ-loxP-
DTA was cut with Notl to linearize and then electoporated
into ES cells at the Columbia University Transgenesis facility.
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ES cells will be screened for homologous recombination by
Southern blot analysis. ES cell DNA will be digested in 96
well plates with Ncol and probed with a 300 bp fragment
which is the same fragment replaced by the DTA cassette on
the BAC-P22 Frt-Loxp-exon2-NEO-loxP-DTA. Wild-type
alleles yield a 2.8 kb fragment and Neo-floxed exon 2 allele
will result in the appearance of a 5.6 kb fragment. Removal of
the Neo cassette by crossing Neo-foxed mice with a flip-
recombinase expressing mouse line (e.g. constitutive expres-
sion driven by the beta-actin promoter available for purchase
from Jackson Laboratories, Bar Harbor Me.) will result in a
floxed exon 2 allele (without the neo cassette downstream of
exon 2) of 6 kb. Exon 2 can be deleted in a tissue- and
stage-specific manner by crossing mice to cre or flip recom-
binase transgenic mice with the recombinase under the con-
trol of a tissue or developmentally regulated promoter. Many
ofthese transgenic lines expressing cre or flip are available for
purchase.

[0087] Regulated promoter for FIT1 and FIT2 expression.
To generate an inducible expression system for murine FIT1
and FIT2, FIT1-V5 and FIT2-V35 (both having c-terminal V5
epitopes) have been subcloned from pcDNA3.1 topo direc-
tional (plasmid from Invitrogen corp.) using restriction
enzymes HindIIl and Pmel into pcDNAS5/TO cut with restric-
tion enzymes HindITl and EcoRV. pcDNAS5/TO contains two
tetracycline operator sites in the promoter region of the plas-
mid that serve as binding sites for the tetracycline repressor.
Induction of either FIT1 or FIT2 expression will be achieved
by treating cells with 1 pg/ml of tetracycline or doxycycline.
All cell lines that will be used must express the tetracycline
repressor. Tetracycline repressor expressing cells will be gen-
erated by stably transfecting cells with pcDNA6/TR (from
Invitrogen corp.) and selecting for G418 resistance. pcDNA6/
TR harboring cells will also be made to stably harbor FIT1
and FIT2 pcDNAS5/TO constructs by selection on hygromy-
cin.

Results and Discussion

[0088] Identification of FIT genes. The initial goal was to
identify genes involved in intracellular fatty acid transport
toward either storage in lipid droplets as triglyceride or
catabolism via beta-oxidation in peroxisomes and mitochon-
dria. Fenofibrate and other fibrate drugs are agonists for the
peroxisome proliferator-activated receptor alpha (PPARal-
pha) nuclear hormone receptor, and activation of PPARalpha
leads to the induction of the genes coding for proteins
involved in the entire biochemical repertoire of beta-oxida-
tion (17-19). To carry out this goal, genotype matched wild-
type and PPARalpha deficient mice were fed a diet containing
fenofibrate for 7 days. mRNA from livers were used to query
gene arrays. Since most of the genes activated by PPARalpha
likely have been identified, the focus was exclusively on
genes that were listed as expression sequence tags (ESTs) or
having unknown function. By performing BLAST searches
against the mouse genome, many of the ESTs to the 3 prime
end of the final exons of genes were located. This analysis was
followed by both an examination using the Signal P algorithm
to determine the putative cellular location of the gene product
and using Novartis SymAltas (http://symatlas.gnf.org/Sy-
mAtlas/) to determine the putative tissue expression pattern.
Attention was directed toward a particular unknown tran-
script, named Fibrate Induced Transcript 1 (FIT1, Affymetrix
number 1451488). FIT1 potentially has multiple transmem-
brane domains (FIG. 1D), was putatively located in the secre-
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tory pathway (determined by Signal P), and highly expressed
in heart and skeletal muscle by gene array studies (determined
by Novartis Gene Atlas). However, FIT1 did not have homol-
ogy to known proteins or known protein domains found in any
species. These characteristics indicated a protein potentially
involved in lipid transport in oxidative tissues.

[0089] Performing a BLAST search of the full-length
mouse FIT1 amino acid sequence against the expressed data
base, a second FIT1 homolog was identified in mammals that
was designated FIT2. Mammals have two FIT genes, FIT1
and FI1T2, while amphibians, birds, fish, insects, worms have
a single FIT gene exhibiting higher homology to FIT2 (FIG.
5B) S. cerevisiae is an exception because it has two FIT2
orthologs. A second FIT2 ortholog not shown in the clada-
gram of FIG. 5A is called SCS3. FIT2 was found on the same
Affymetrix gene array used to identify FIT1 (Affymetrix
number 1454935) and was also increased by fenofibrate on
the gene array. The expression of both mouse FIT1 and FIT2
were confirmed to be induced by fenofibrate in a PPARalpha-
dependent fashion in liver (FIG. 6). Northern blot analysis of
mouse tissues indicated that FIT1 is highly expressed in heart
and skeletal muscle, and to lower levels in liver, kidney,
brown adipose, testes, and eye (FIG. 1A). Western blot analy-
sis of mouse tissues indicated that FIT1 protein was detected
primarily in heart and at low levels in liver and skeletal muscle
(FIG. 1B). Mouse FIT2 mRNA was detected as two tran-
scripts in most tissues examined with highest levels in heart,
skeletal muscle and brown adipose tissue (FIG. 1A). Note that
mFIT2 but not mFIT1 is expressed in white adipose tissue
(FIG.1A). Western blot analysis indicated FIT2 protein high-
est in heart, and lower levels in lung, liver, and kidney (FIG.
1B) An examination of human tissues showed that FIT1 was
primarily expressed in heart and skeletal muscle, while FIT2
was expressed in all tissue represented on the Northern blot
(FIG.1C). Together, these analyses indicated that both mouse
and human FIT 1 have a more restricted expression pattern to
oxidative tissues, while FIT2 has a broader tissue expression
pattern.

[0090] FIT1 and FIT2 are localized to the endoplasmic
reticulum. In order to define a specific function to FIT pro-
teins, both subcellular fractionation of mouse heart mem-
branes and confocal immunolocalization studies were carried
out. Sucrose density fractionation of mouse heart membranes
indicated that both FIT1 and FIT2 were co-localized exclu-
sively with endoplasmic reticulum (ER) membrane fractions
(FIG. 2A). Expression of a c-terminal V5 tagged FIT1 and
FIT2 in HEK 293 cells co-localized with the ER resident
protein calnexin (FIG. 2B). Importantly, the V5 tag on FIT1
and FIT?2 did not abolish its activity (FIG. 8). Together, the
data indicated that FIT1 and FIT2 are localized in the ER.

[0091] Overexpression of FIT1 and FIT2 results in the for-
mation of lipid droplets. In order to determine if FIT proteins
play arole in lipid metabolism, experiments were designed to
overexpress FIT proteins in cells. FIT1 and FIT2 were over-
expressed in HEK293 cells and examined using the fluores-
cent lipid droplet stain BODIPY493/503. FIG. 3A shows that
overexpression of FIT1 or FIT2 resulted in the accumulation
of lipid droplets. FIT1 overexpression led to the accumulation
of multiple droplets per cell with one or two larger droplets
per cell, while FIT2 expressed to similar levels as FIT1 (FIG.
7) led to the frequent appearance of a single large droplet.
Cells expressing DGAT1, one of two acyltransferases impor-
tant in the committed step in TG biosynthesis (20) showed
multiple lipid droplets smaller than those produced in FIT1
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and FIT2 expressing cells (FIG. 3). Overexpression of FIT1
and FIT2 in HeLa cells resulted in similar findings except that
FIT2 expression resulted in multiple large droplets per cell,
together indicating that FIT1 and FIT2-induced lipid droplet
accumulation is not cell-type specific (FIG. 9). Compared to
mock transfected cells, cellular TG mass was significantly
increased in cells expressing FIT1 and FIT2 (FIG. 3B). These
data are consistent with the fluorescent images indicating the
presence of lipid droplets in FIT1 and FIT2 expressing cells
(FIG. 3A). As a positive control, cells were transfected with
DGAT1 or DGAT2, a second acyltransferases important in
the committed step in TG biosynthesis (20). Overexpression
of DGAT1 or DGAT2 resulted in increased levels of cellular
TG that were significantly greater than in FIT1 and FIT2 cells
(FIG. 3A).

[0092] Human FIT expression produces lipid droplets.
Overexpression of human FIT2 (hFIT2) and human FIT2
with a C-terminal V5 epitope tag (hFIT2-V5) in HEK293
cells resulted in numerous lipid droplets compared to mock
transfected control cells (FIG. 17).

[0093] FIT proteins do not enhance triglyceride biosynthe-
sis. It was also determined whether FIT1 and FIT2 enhance
TG biosynthesis causing lipid droplets to form by quantifying
the rate of TG biosynthesis using radiolabeled glycerol as a
precursor for TG. Cells expressing FIT1 or FIT2 showed
similar rates of TG biosynthesis compared to mock trans-
fected cells, indicating that the accumulation oflipid droplets
inFIT1 and FIT2 expressing cells is not the result of enhanced
TO biosynthesis. The mRNAs of genes important in fatty acid
and TG biosynthesis were not changed in cells expressing
FIT1 or FIT2 (FIG. 10). As expected from previous studies,
DGAT1 and DGAT2 overexpression led to a significant
increase in TG biosynthetic rate (20) (21). To test if increased
cellular TG is the result of partitioning of TG into lipid drop-
lets, cells were incubated with **C glycerol tracer for 24 hrs
and radiolabel in lipid droplets were quantified. FIG. 3C
shows that cells expressing FIT1 and FIT2 had a significant
increase in the percent of labeled glycerol in lipid droplets
compared to mock transfected cells. As a positive control,
DGAT1 and DGAT?2 expressing cells exhibited a significant
increase in radiolabeled glycerol in lipid droplets compared
to mock, FIT1 and FIT2 expressing cells (FIG. 3C). Taken
together, these results indicate that FIT1 and FIT2 do not
directly mediate triglyceride biosynthesis, but lipid droplet
formation leading to the accumulation of cellular neutral
lipids.

[0094] shRNA suppression of FIT2 abolishes lipid droplet
formation during adipogenesis. To provide a direct test if FIT
proteins are essential for the formation of lipid droplets,
knockdown of FIT expression was sought in established cel-
lular models of lipid droplet formation. If FIT genes are
essential for lipid droplet formation, then the NIH-3T3 L1
cell line, a classic adipocyte differentiation cell model that
produces large amounts of lipid droplets during differentia-
tion of pre-adipocytes into adipocytes, should express FIT
genes during adipogenesis at the onset of lipid droplet accu-
mulation. FIGS. 4B and 4C show that high levels of FIT2 at
both mRNA and protein levels, but not FIT1 (data not shown),
were detected during adipogenesis at the onset of formation
of visible lipid droplets (FIG. 4A). This is in line with the
observation that Fin and not FIT1 are expressed in white
adipose tissue in vivo (FIGS. 1A,B). IfFIT2 is indeed essen-
tial for droplet formation, then suppression of FIT2 expres-
sion should abolish lipid droplet formation. Pre-adipocytes
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cells infected with lentivirus expressing shRNA against FIT2,
a control shRNA, or no virus were induced to differentiate.
FIT2 mRNA and protein were significantly suppressed in
adipoctyes infected with lentivirus expressing FIT2 shRNA.
Examination of these cells for lipid droplets showed that cells
having suppressed FIT2 expression had an almost complete
absence of lipid droplets in pre-adipocytes (day 0) and in
mature adipocytes (between day 4 and 9) (FIG. 4A). Only a
low level of cells expressing the FIT2shRNA exhibited mul-
tiple lipid droplets per cell between day 6 and 9 (FIG. 4A).
Further examination of FIT2 suppressed cells showed that the
expression of PPARgamma and AP2, genetic markers of adi-
pocyte differentiation, were not changed (FIG. 4B). Triglyc-
eride biosynthesis or triglyceride lipase activities were simi-
lar in adipocytes having a knockdown of FIT2 compared to
controls (FIG. 11-11B). Taken together, the data indicate that
knockdown of FIT2 specifically inhibited lipid droplet for-
mation.

[0095] FIT is overexpressed in steatotic livers of ob/ob
mice. Ob/ob mice are insulin resistant, have fatty livers and
are obese. RNA was isolated from wild-type and ob/ob mouse
livers and adipose tissue and analyzed by Northern blot (20 pg
of RNA per lane). FIG. 12 shows results from two indepen-
dent mice per genotype. FIG. 12 indicates that FIT1 is
upregulated in both livers and adipose tissue of ob/ob mice
compared to wild-type lean controls. This data suggests that
FIT1 overexpression in livers of obese animals might be
responsible for the formation of fatty liver.

[0096] FIT1 and FIT2 overexpression in mouse liver
increases lipid deposition. Overexpression of mouse FIT1
and FIT2 in mouse liver causes triglyceride accumulation.
Mouse FIT1 and FIT2 were first subcloned into adenovirus
shuttle vector (pVW-CVM K-NpA) and adenovirus was syn-
thesized (service provided by Viraquest, Iowa). Two groups
of 6 wild-type male C57BL6J mice were injected intrave-
nously with 1x10® pfu with empty adenovirus control
(adEmpty) oradenovirus expression FIT1 (adFIT1). All mice
were fed a standard chow diet for the first 3 days, then
switched to a high fat diet (cat#TD.93075 Harlan Teklad) for
4 days. Perfused livers from mice were either frozen in OTC
for producing frozen sections for oil-red-o staining, or fixed
in 10% formalin and embedded in paraffin for H&E staining.
FIG. 13A shows that control adenovirus injected mice had
normal lipid deposition and liver morphology, while mice
injected with the AdFIT1 and AdFIT2 adenovirus showed an
accumulation of lipid in livers. FIG. 13B shows increased
protein levels of FIT1 and FIT2 in mouse livers injected with
FIT1 and FIT2 adenoviruses compared to control injected
mice.

[0097] Rosiglitazone induces mFIT2 expression. NIH 3T3
preadipocytes were differentiated as in FIG. 14 for the days
indicated (0, 1, 2, or 3 days) and treated or not treated with 1
uM rosiglitazone for 24 hrs. mRNA was isolated and ana-
lyzed by Northern blot analysis. FIT2 mRNA was increased
at all time points of differentiation by treatment with rosigli-
tazone. Importantly, rosiglitazone increased FIT2 at time
point zero indicating that the effect is likely independent of
differentiation of the preadipocytes into adipocytes.

[0098] Lipid droplet formation in cells transfected with
wild-type and mutant FIT2. The effects of mutations in amino
acids comprising a highly conserved domain in mouse FIT2
were observed on lipid droplet formation. Amino acids 157
phenylalanine (F), 158 leucine (L), 159 leucine (L), 164 leu-
cine (L), and 169 glutamic acid (E) are among the most highly
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conserved amino acids found in all species having a FIT2
homolog. Mutations in the tandem amino acids FLL (amino
acids 157 through 159) substituted with alanine (A) residues
resulted in a FIT2 protein that produced more and brighter
droplets than the wild-type FIT2 (FIT2-V5) transiently
expressed in HEK 293 cells (FIG. 15). FIT2 mutants having
either the 1641 or 169E residue substituted by alanine
resulted in a greatly diminished ability to produce droplets.
Moreover, the [L164A and E169A mutants both produced
multiple small droplets, a phenotype distinct from the large
droplets produced by wild-type and FLL157-9AAA mutant
FIT2 proteins (FIG. 15). Importantly, the phenotypes
observed were not due to changes in FIT2 protein levels,
although 164 A and E169A mutants had aminor decrease in
levels as well as minor cleavage of the signal peptide as shown
in Western blot FIG. 16. Together, the results indicate that the
FLL domain plays a role to limit FIT2 activity, while the 164L,
and 169E residues are essential for FIT2 to form droplets.
Thus, these amino acid domains on FIT?2 can serve as targets
for small molecule activators and inhibitors that may interact
with these amino acid domains to either augment FIT?2 activ-
ity or inhibit FIT2 activity.

[0099] Mouse transgenic models of FIT1 and FIT2 overex-
pression: liver-specific expression. Transgenic mice were
generated that overexpress mouse FIT1 and FIT2 specifically
in liver. Based on the finding that overexpression of FIT1 and
FIT2 in mouse liver using adenovirus results in fatty liver on
ahigh fat diet, these transgenic mouse models are expected to
have fatty liver on high fat diets. These animal models should
be suitable to study the progression of fatty liver diseases
(alcoholic and non-alcoholic) and steatohepatitis as well as
the role of fatty liver in type 2 diabetes and insulin resistance.
In addition, these models will be useful in testing therapies for
these diseases, such as screening therapeutic compounds
(small molecules, proteins, RNAi, aptamers).

[0100] Mouse transgenic models of FIT1 and FIT2 overex-
pression: skeletal muscle-specific expression. Transgenic
mice were generated that overexpress mouse FIT1 specifi-
cally in skeletal muscle. This animal model is expected to be
useful in studying type 2 diabetes and obesity, and muscle
metabolism and function. This model will be useful in testing
therapies or screening therapeutic compounds (small mol-
ecules, proteins, RNAi, aptamers) for diseases (thabomyoly-
sis, myostitis, type 2 diabetes, lipotoxycity) as well as
improving normal physiology (i.e. muscle function, lipid and
glucose metabolism).

[0101] Mouse transgenic models of FIT) and FIT2 overex-
pression: heart-specific expression. Transgenic mice were
generated that overexpress mouse FIT1 specifically in cardiac
myocytes. These mice are expected to be suitable models to
study cardiomyopathy, and defects in cardiac function related
to altered cardiac metabolism. This model will be useful in
testing therapies or screening therapeutic compounds (small
molecules, proteins, RNAi, aptamers) for diseases such as
cardiomyopathy, cardiac dysfunction, cardiac ischemia, and
altered cardiac metabolism, as well as improving normal
physiology (i.e. cardiac function, lipid and glucose metabo-
lism).

[0102] Mouse transgenic models of FIT1 and FIT2 overex-
pression: adipose-specific expression. Transgenic mice were
generated that overexpress mouse FIT2 specifically in adi-
pose tissue (white and brown adipose). These transgenic mice
are expected to be useful as a model of obesity and type 2
diabetes and metabolic syndrome. These transgenic mice can
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be used to test therapeutic compounds or other therapies to
treat obesity, type 2 diabetes and metabolic syndrome.

[0103] Mouse deficiency models for FIT1 and FIT2: FIT1
gene targeted mice. FIT1 Knockout mice have been generated
and found to be viable and fertile. These mice might be a
suitable model for defects in cardiac, skeletal muscle, liver
and kidney dysfunction and therefore are expected to also be
useful to test therapeutic agents that regulate muscle, heart,
liver, and kidney function.

[0104] Mouse deficiency models for FIT1 and FIT2: FIT2
gene targeted mice. The targeted A3 ES cell line was used to
generate chimeric mice. It was determined that deletion of
FIT2 results in embryonic lethality. Mouse embryonic fibro-
blasts from FIT2 knockouts may be useful as a model to
screen for small molecule inhibitors of FIT genes. In addition,
mice heterozygous for FIT2, which are viable, might be a
suitable model to study the effects of inhibitors or activators
of FIT2, as well as assessing the effects of having reduced
levels of FIT2 on cardiac, muscle, liver, kidney and brain
function. These mice having 50% less FIT2 might mimic
humans that are heterozygous for mutations in FIT2, since
homozygous mutations would be expected to be extremely
rare.

[0105] FIT2 Conditional targeted mice. Based on the find-
ing that gene targeted deletion of FIT2 results in embryonic
lethality, BAC recombineering was used to produce a
“floxed” allele of FIT2 to conditionally knock it out in adult
mice. Conditional knockout mice for FIT2 are expected to be
useful for studying organ specific effects of FIT2 inhibition
on normal and pathophysiology. Conditional knockout mice
will be an important model to test the safety and efficacy of
inhibiting FIT2 in specific cell types and organs. For example,
knockdown of FIT2 specifically in white adipose tissue
should result in resistance to obesity and enhanced insulin
sensitivity.

[0106] The present study describes for the first time the
identification of a highly conserved family of proteins that are
essential in mammalian cells for the formation of lipid drop-
lets, independent of TG biosynthesis. FIT genes encode for
multi-transmembrane, endoplasmic reticulum localized pro-
teins. Overexpression of FITs in cell culture and mouse liver
resulted in the formation of lipid droplets without enhancing
triglyceride biosynthesis. Moreover, shRNA silencing of FIT
genes in white adipocytes prevented lipid droplet formation
during adipogenesis. Reagents that regulate FIT expression
or activity are expected to impact the many diseases associ-
ated with excessive lipid droplet formation, such as obesity,
diabetes, and atherosclerosis. Regulation of energy metabo-
lism, feeding behavior and hepatic glucose output is highly
regulated by lipids and energy status (ATP, AMP) in the brain.
Inhibiting or activating FIT1 or FIT2 genes or protein activity
in the brain (using small molecules, or nucleic acids, ASO,
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RNAI, aptamers) may beneficially alter energy metabolism,
feeding behavior and hepatic glucose output in humans.
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SEQUENCE LISTING

«160> NUMBER OF SEQ ID NOS: 58

«210> SEQ ID NO 1
«211> LENGTH: 292
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-continued

<212> TYPE: PRT

<213> ORGANISM: Human

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT1

<400> SEQUENCE: 1

Met Glu Arg Gly Pro Val Val Gly Ala Gly Leu Gly Ala Gly Ala Arg
1 5 10 15

Ile Gln Ala Leu Leu Gly Cys Leu Leu Lys Val Leu Leu Trp Val Ala
20 25 30

Ser Ala Leu Leu Tyr Phe Gly Ser Glu Gln Ala Ala Arg Leu Leu Gly
35 40 45

Ser Pro Cys Leu Arg Arg Leu Tyr His Ala Trp Leu Ala Ala Val Val
50 55 60

Ile Phe Gly Pro Leu Leu Gln Phe His Val Asn Pro Arg Thr Ile Phe
65 70 75 80

Ala Ser His Gly Asn Phe Phe Asn Ile Lys Phe Val Asn Ser Ala Trp
85 90 85

Gly Trp Thr Cys Thr Phe Leu Gly Gly Phe Val Leu Leu Val Val Phe
100 105 110

Leu Ala Thr Arg Arg Val Ala Val Thr Ala Arg His Leu Ser Arg Leu
115 120 125

Val Val Gly Ala Ala Val Trp Arg Gly Ala Gly Arg Ala Phe Leu Leu
130 135 140

Ile Glu Asp Leu Thr Gly Ser Cys Phe Glu Pro Leu Pro Gln Gly Leu
145 150 155 160

Leu Leu His Glu Leu Pro Asp Arg Ary Ser Cys Leu Ala Ala Gly His
165 170 175

Gln Trp Arg Gly Tyr Thr Val Ser Ser His Thr Phe Leu Leu Thr Phe
180 185 190

Cys Cys Leu Leu Met Ala Glu Glu Ala Ala Val Phe Ala Lys Tyr Leu
195 200 205

Ala His Gly Leu Pro Ala Gly Ala Pro Leu Arg Leu Val Phe Leu Leu
210 215 220

Asn Val Leu Leu Leu Gly Leu Trp Asn Phe Leu Leu Leu Cys Thr Val
225 230 235 240

Ile Tyr Phe His Gln Tyr Thr His Lys Val Val Gly Ala Ala Val Gly
245 250 255

Thr Phe Ala Trp Tyr Leu Thr Tyr Gly Ser Trp Tyr His Gln Pro Trp
260 265 270

Ser Pro Gly Ser Pro Gly His Gly Leu Phe Pro Arg Pro His Ser Ser
275 280 285

Arg Lys His Asn
290

<210> SEQ ID NO 2

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: Human

<220> FEATURE:

<221> NAME/KEY: misc_feature
«223> OTHER INFORMATION: FIT2

«<400> SEQUENCE: 2
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-continued

Met Glu His Leu Glu Arg Cys Glu Trp Leu Leu Arg Gly Thr Leu Val
1 5 10 15

Arg Ala Ala Val Arg Arg Tyr Leu Pro Trp Ala Leu Val Ala Ser Met
20 25 30

Leu Ala Gly Ser Leu Leu Lys Glu Leu Ser Pro Leu Pro Glu Ser Tyr
35 40 45

Leu Ser Asn Lys Arg Asn Val Leu Asn Val Tyr Phe Val Lys Val 2Ala
50 55 60

Trp Ala Trp Thr Phe Cys Leu Leu Leu Pro Phe Ile Ala Leu Thr Asn
65 70 75 80

Tyr His Leu Thr Gly Lys Ala Gly Leu Val Leu Arg Arg Leu Ser Thr
85 90 85

Leu Leu Val Gly Thr Ala Ile Trp Tyr Ile Cys Thr Ser Ile Phe Ser
100 105 110

Asn Ile Glu His Tyr Thr Gly Ser Cys Tyr Gln Ser Pro Ala Leu Glu
115 120 125

Gly Val Arg Lys Glu His Gln Ser Lys Gln Gln Cys His Gln Glu Cly
130 135 140

Gly Phe Trp His Gly Phe Asp Ile Ser Gly His Ser Phe Leu Leu Thr
145 150 155 160

Phe Cys Ala Leu Met Ile Val Glu Glu Met Ser Val Leu His Glu Val
165 170 175

Lys Thr Asp Arg Ser His Cys Leu His Thr Ala Ile Thr Thr Leu Val
180 185 190

Val Ala Leu Gly Ile Leu Thr Phe Ile Trp Val Leu Met Phe Leu Cys
195 200 205

Thr Ala Val Tyr Phe His Asn Leu Ser Gln Lys Val Phe Gly Thr Leu
210 215 220

Phe Gly Leu Leu Ser Trp Tyr Gly Thr Tyr Gly Phe Trp Tyr Pro Lys
225 230 235 240

Ala Phe Ser Pro Gly Leu Pro Pro Gln Ser Cys Ser Leu Asn Leu Lys
245 250 255

Gln Asp Ser Tyr Lys Lys
260

<210> SEQ ID NO 3

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT1

<400> SEQUENCE: 3

Met Glu Arg Gly Pro Thr Val Gly Ala Gly Leu Gly Ala Gly Thr Arg
1 5 10 15

Val Arg Ala Leu Leu Gly Cys Leu Val Lys Val Leu Leu Trp Val Ala
20 25 30

Ser Ala Leu Leu Tyr Phe Gly Ser Glu Gln Ala Ala Arg Leu Leu Gly
35 40 45

Ser Pro Cys Leu Arg Arg Leu Tyr Hisg Ala Trp Leu Ala Ala Val Val
50 55 60

Ile Phe Gly Pro Leu Leu Gln Phe His Val Asn Ser Arg Thr Ile Phe
65 70 75 80
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Ala Ser His Gly Asn Phe Phe Asn Ile Lys Phe Val Asn Ser Ala Trp
85 90 85

Gly Trp Thr Cys Thr Phe Leu Gly Gly Phe Val Leu Leu Val Val Phe
100 105 110

Leu Ala Thr Arg Arg Val Ala Val Thr Ala Arg His Leu Ser Arg Leu
115 120 125

Val Val Gly Ala Ala Val Trp Arg Gly Ala Gly Arg Ala Phe Leu Leu
130 135 140

Ile Glu Asp Leu Thr Gly Ser Cys Phe Glu Pro Leu Pro Gln Gly Leu
145 150 155 160

Leu Leu His Glu Leu Pro Asp Arg Lys Ser Cys Leu Ala Ala Gly His
165 170 175

Gln Trp Arg Gly Tyr Thr Val Ser Ser His Thr Phe Leu Leu Thr Phe
180 185 190

Cys Cys Leu Leu Met Ala Glu Glu Ala Ala Val Phe Ala Lys Tyr Leu
195 200 205

Ala His Gly Leu Pro Ala Gly Ala Pro Leu Arg Leu Val Phe Leu Leu
210 215 220

Asn Val Leu Leu Leu Gly Leu Trp Asn Phe Leu Leu Leu Cys Thr Val
225 230 235 240

Ile Tyr Phe His Gln Tyr Thr His Lys Val Val Gly Ala Ala Val Gly
245 250 255

Thr Phe Ala Trp Tyr Leu Thr Tyr Gly Ser Trp Tyr Hig Gln Pro Trp
260 265 270

Ser Pro Gly Ile Pro Gly His Gly Leu Phe Pro Arg Ser Arg Ser Met
275 280 285

Arg Lys His Asn
290

<210> SEQ ID NO 4

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: Mouse

<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT2

<400> SEQUENCE: 4

Met Glu His Leu Glu Arg Cys Ala Trp Phe Leu Arg Gly Thr Leu Val
1 5 10 15

Arg Ala Thr Val Arg Arg His Leu Pro Trp Ala Leu Val Ala Ala Met
20 25 30

Leu Ala Gly Ser Val Val Lys Glu Leu Ser Pro Leu Pro Glu Ser Tyr
35 40 45

Leu Ser Asn Lys Arg Asn Val Leu Asn Val Tyr Phe Val Lys Leu 2la
50 55 60

Trp Ala Trp Thr Val Cys Leu Leu Leu Pro Phe Ile Ala Leu Thr Asn
65 70 75 80

Tyr Hisg Leu Thr Gly Lys Thr Ser Leu Val Leu Arg Arg Leu Ser Thr
85 90 95

Leu Leu Val Gly Thr Ala Ile Trp Tyr Ile Cys Thr Ala Leu Phe Ser
100 105 110

Agn Ile Glu Hisg Tyr Thr Gly Ser Cys Tyr Gln Ser Pro Ala Leu Glu
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115 120 125

Gly Ile Arg Gln Glu His Arg Ser Lys Gln Gln Cys His Arg Glu Cly
130 135 140

Gly Phe Trp His Gly Phe Asp Ile Ser Gly His Ser Phe Leu Leu Thr
145 150 155 160

Phe Cys Ala Leu Met Ile Val Glu Glu Met Ala Val Leu His Glu Val
165 170 175

Lys Thr Asp Arg Gly His His Leu His Ala Ala Ile Thr Thr Leu Val
180 185 190

Val Ala Leu Gly Phe Leu Thr Phe Ile Trp Val Trp Met Phe Leu Cys
195 200 205

Thr Ala Val Tyr Phe His Asp Leu Thr Gln Lys Val Phe Gly Thr Met
210 215 220

Phe Gly Leu Leu Gly Trp Tyr Gly Thr Tyr Gly Tyr Trp Tyr Leu Lys
225 230 235 240

Ser Phe Ser Pro Gly Leu Pro Pro Gln Ser Cys Ser Leu Thr Leu Lys
245 250 255

Arg Asp Thr Tyr Lys Lys
260

<210> SEQ ID NO 5

<211> LENGTH: 274

<212> TYPE: PRT

<213> ORGANISM: S. cerevigiae

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: YDR319 FIT

<400> SEQUENCE: 5

Met Ile Arg Gln Leu Asn Tyr Trp Ser Arg Lys Ala Tyr Leu Ile Tyr
1 5 10 15

Pro Phe Gln Val Phe Val Gly Ala Leu Leu Ser Ile Val Val Ser Ser
20 25 30

Glu Thr Leu Asn His Gln Lys Glu Thr Cys Ala Leu Leu Lys Ser Ser
35 40 45

Asn Ile Phe Asn Val Ile Phe Ala Tyr Lys Ala Asn Gln Leu Trp Pro
50 55 60

Phe Leu Phe Phe Ser Leu Ala Phe Leu Gln Ile Tyr Phe His Tyr Leu
65 70 75 80

Ala Arg Met Asp Ile Leu Pro Leu Pro Ile Ser Ser Thr Glu Thr Ser
85 90 85

Ser Ser Tyr Leu Thr Tyr Thr Asn His Trp Pro Leu Leu Lys Asn Arg
100 105 110

Ile Ile Ser Ile Met Ile Thr Gln Tyr Ala Cys Lys Phe Val Leu Lys
115 120 125

Tyr Leu Leu Leu Phe Leu Asn Phe Gln Phe Ile Asp His Val Phe Ile
130 135 140

Trp Thr Gly Gly Glu Cys Ser Ser Gly Ser Lys Thr Thr Ser Ala Glu
145 150 155 160

Lys Cys Arg Leu Glu Asn Gly Lys Trp Asp Gly Gly Phe Asp Ile Ser
165 170 175

Gly His Phe Cys Phe Leu Val Ser Ile Ser Met Ile Leu Trp Met Glu
180 185 190
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Leu His Leu Phe Ser Arg Phe Val Gln Ala Glu Asp Met Phe Trp Val
195 200 205

Val Asn Lys Trp Val Arg Ala Cys Leu Ala Ile Val Cys Ala Val Leu
210 215 220

Val Ile Trp Ile Cys Ile Leu Trp Val Thr Ala Ile Tyr Tyr His Thr
225 230 235 240

Ile Leu Glu Lys Val Leu Gly Cys Leu Met Gly Phe Ile Cys Pro Val
245 250 255

Phe Ile Tyr His Ile Leu Pro Lys Ile Gly Ile Leu His Asn Tyr Leu
260 265 270

Tyr Leu

<210> SEQ ID NO 6

<211> LENGTH: 380

<212> TYPE: PRT

<213> ORGANISM: S. cerevisiae
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: SCS3 FIT

<400> SEQUENCE: 6

Met Ser Ser Lys Trp Phe Asn Ala Ile His Leu Leu Val Cys Pro Leu
1 5 10 15

Thr Val Leu Val Gly Tyr Leu Met Asn Ala Tyr Gly Tyr Gly 2la 2Ala
20 25 30

Leu Gln Ala Thr Leu Asn Lys Asp Gly Leu Val Asn Ala Met Leu Val
35 40 45

Lys Lys Gly Trp Phe Trp Thr Ser Leu Val Gly Trp Trp Cys Ile Ile
50 55 60

Arg Tyr Arg Ala Val Pro Gly Ala Thr Gly Arg Asp Arg Arg His Ile
65 70 75 80

Val Gln Ser Phe Lys Arg Tyr Ala Ile Leu Thr Val Trp Trp Tyr Val
85 90 85

Phe Thr Gln Gly Ile Trp Phe Gly Val Gly Pro Ile Met Asp Leu Val
100 105 110

Phe Val Tyr Thr Gly Gly His Cys His Tyr Asp Val Phe Asp Asp Ala
115 120 125

Gly His Val Asn Glu Asp Phe Gln Gly Ser Val Thr Arg Thr Asn Arg
130 135 140

Ala Leu Ala Leu Ile His Asn Val Leu Thr Leu His Gly His His Gln
145 150 155 160

Glu His Arg Gln Gln Gln Leu Trp Asp Arg Ser Ile Gly Ser Ile Gln
165 170 175

Gly Ala Leu Gln Ala Thr Gln Pro Lys Thr Pro Lys Asn Val Thr Ala
180 185 190

Ser Ala Ala Ala Ala Ile Asn Thr Phe Ile His Asp Gln Met His Arg
195 200 205

Trp Gln Gly Pro Leu Thr Thr Ser Ala Gln Cys Arg Arg Phe Gly Gly
210 215 220

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

Leu Met Cys Met Phe Leu Leu Gly Glu Leu Arg Val Phe Gly Arg Arg
245 250 255
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Ala Leu Ala His Leu Tyr Ala Gln Lys Trp Gln Leu Val Arg Leu Val
260 265 270

Thr Arg Leu Phe Asp Thr Gly Pro Leu Trp Thr Trp Arg Arg Cys Gly
275 280 285

Gly Gly Ser Met Thr Cys Gly Ala Arg Leu Trp Arg Ala Ile Val CGlu
290 295 300

Pro Pro Val Thr Cys Ala Ala Ala Leu Leu Arg Leu Thr Arg Cys Ile
305 310 315 320

Ala Cys Asp His Pro Val Ile Ile Leu Leu Thr Leu Leu Val Thr Trp
325 330 335

Leu Trp Gln Leu Leu Leu Thr Ala Val Ala Ser Arg Phe His Thr Val
340 345 350

Arg Glu His Met Ser Gly Leu Leu Ala Ala Tyr Ile Val Thr Gly Leu
355 360 365

Val Tyr Ala Arg Asp Ala Ala Ala Leu Arg Pro Val
370 375 380

<210> SEQ ID NO 7

<211> LENGTH: 283

<212> TYPE: PRT

<213> ORGANISM: C.elegans
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

<400> SEQUENCE: 7

Met Ser Thr Arg Arg Ser Ser Thr Arg Ala Asp Ser Thr Thr Lys Arg
1 5 10 15

Pro Ala Ser Pro Asn Ser Thr Pro Asn Ala Ala Leu Gly Ile Phe Val
20 25 30

Ala Ile Ala Arg Gln Ile Leu Phe Ile Asp Ala Arg Lys Val Ala Leu
35 40 45

Phe Tyr Leu Ala Phe Val Thr Val Leu Ser Phe Ile Glu Ser Arg Ile
50 55 60

Glu Leu Asp Ser Thr Tyr Tyr Leu Val Gln Lys His Ser Val Leu Asn
65 70 75 80

Gln Tyr Gly Val Lys Met Gly Trp Phe Trp Thr Leu Val Ile Val CGly
85 90 85

Pro Phe Ile Trp Phe Ser Ser Lys Ala His Asn Arg Arg Asp Arg Asp
100 105 110

Gln Pro Ile Val Asp Val Cys Arg Leu Gly Val Gly Thr Ala Cys Trp
115 120 125

Tyr Phe Ser Val Gln Phe Phe His Lys Val Leu Ala Leu Thr Ser Met
130 135 140

Cys Asp Lys Gly Arg Thr Leu Thr Arg Ala Gln Cys Ser Glu Lys Glu
145 150 155 160

Gly Val Trp Thr Pro Gly Tyr Asp Ile Ser Gly Hig Cys Phe Leu Met
165 170 175

Ile Tyr Ser Ile Leu Ile Ile Thr Glu Glu Ala Ile Ala Tyr Arg His
180 185 190

Tyr Gln Gln Val Thr Asp Ala Val His Gln Met Asp Gly Asp Arg Glu
195 200 205

Glu His Asp Arg Leu Thr Arg Cys Ile Gln Tyr Phe Phe Val Ala Met
210 215 220
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Leu Phe Leu His Ala Phe Trp Phe Lys Gln Ile Ile Ile Ser Val Leu
225 230 235 240

Tyr Tyr His Ile Phe Ile Glu Glu Ile Leu Gly Ala Val Ala Ala Val
245 250 255

Val Cys Trp Phe Val Thr Tyr Arg Met Leu Tyr Pro Ala Gly Phe Leu
260 265 270

Ala Ser Pro Ile Arg Arg Thr Val Gly Arg Lys
275 280

<210> SEQ ID NO 8

<211> LENGTH: 423

<212> TYPE: PRT

<213> ORGANISM: D.melancgaster
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

<400> SEQUENCE: 8

Met Ala Thr Lys Arg Arg Pro Leu Arg Pro Asn Leu Gly Gly Thr 2Ala
1 5 10 15

Gly Ser Pro Ser Ser Ser Gly Ser Asn Met Asn Phe Arg Pro Gly Cly
20 25 30

Pro Asp Ile Thr Arg Ser Glu Ala Arg Gly Thr Arg Pro Thr 2la 2Ala
35 40 45

Pro Thr Ser Ile Arg Glu Ile Leu Val Met Gly Val Ile His Leu Cys
50 55 60

Lys Lys Thr Ile Phe Phe Asn Thr Asp Leu Lys Val Ala Leu Tyr Leu
65 70 75 80

Gly Ser Leu Phe Val Ile Ser Val Ile Gly Asp Phe Val Pro Phe Pro
85 90 85

Lys Thr Tyr Phe Ala Arg Ser Asp Asn Leu Phe Asn Gln Tyr Phe Val
100 105 110

Lys Ile Gly Trp Gly Trp Thr Leu Leu Phe Val Val Pro Phe Leu Val
115 120 125

Leu Ser Ala Tyr Thr Ile Thr Cys Gly Asp His Lys Arg Met Leu Arg
130 135 140

His His Phe Pro Arg Ile Val Ile Ala Thr Phe Phe Trp Phe Phe Trp
145 150 155 160

Thr Lys Leu Phe Asn Val Val Glu Asn Ser Tyr Gly Arg Cys Thr Thr
165 170 175

Lys Gly Tyr Ala Thr Lys Ser Ser Cys Leu Lys Ala Gly His Leu Trp
180 185 190

Lys Gly Phe Asp Ile Ser Gly His Ala Phe Ile Leu Ile His Ser Ser
195 200 205

Leu Val Leu Ile Glu Glu Ala Arg Pro Ile Ile Arg Trp Glu Thr Ile
210 215 220

Lys Glu Hig Ile Arg Asn Glu Arg His Asn Arg Ser Thr Ala Glu 2sn
225 230 235 240

Ser Gly Thr Asn Pro Leu Arg Thr Leu Asn Glu Glu Gln Met Arg Ser
245 250 255

Leu Gln Phe Leu Tyr Lys Arg Leu Thr Pro Ile Ile Arg Thr Leu Phe
260 265 270

Ile Gly Met Ala Ala Leu Gln Leu Leu Trp Asp Ile Met Leu Val Gly
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275 280 285

Thr Met Leu Tyr Tyr His Arg Met Ile Glu Lys Val Ile Ser Gly Ile
290 295 300

Ile Ala Ile Leu Thr Trp Tyr Phe Thr Tyr Arg Phe Trp Tyr Pro Thr
305 310 315 320

Pro Gly Leu Leu Pro Glu Ala Pro Gly Asn Gly Ser Phe Ser Tyr Gln
325 330 335

Arg Glu Ile Pro Thr Phe Pro Phe Lys Arg Pro Ser His Leu Ser Thr
340 345 350

Gly Ala Ala Thr Thr Ser Ser Gly Ser Asn Ser Ser Arg Thr 2Asn Leu
355 360 365

Asn Gly Lys Ala Ala Thr Thr Gly Val Pro Arg Asp Gln Gln Ile Pro
370 375 380

Thr Phe Met Gly Met Pro Leu Phe Thr Ser Pro Lys Ala Ala Ser 2la
385 390 395 400

Ala Ala Asn Leu Leu Met Ser Asp Gln Gln Lys Arg Glu Arg Asp Arg
405 410 415

Glu Gln Gln Thr Leu Glu Ser
420

<210> SEQ ID NO 9

<211> LENGTH: 242

<212> TYPE: PRT

<213> ORGANISM: A.gambiae
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

<400> SEQUENCE: 9

Met Ala Ser Lys Arg Lys Pro Ile His Thr Pro Ser Ala Ala Gly Ala
1 5 10 15

Ala Gly Gly Asn Ala Ala Arg Pro Gln Met Ash Phe Arg Gln Gly Leu
20 25 30

Asn Asp Thr Thr Ala Arg Ala Glu Ala Lys Gly Thr Arg Pro Thr Ala
35 40 45

Thr Pro Thr Ser Ile Arg Glu Val Leu Thr Met Met Val Leu His Val
50 55 60

Cys Lys Lys Ile Ile Phe Phe Asp Thr Ser Leu Lys Val Pro Leu Tyr
65 70 75 80

Leu Gly Ser Leu Phe Ile Val Ser Leu Ile Gly Asp Phe Leu Pro Tyr
85 90 85

Pro Lys Thr Tyr Leu Ala Arg Thr Asp Asn Leu Phe Asn Val Tyr Phe
100 105 110

Val Lys Leu Gly Trp Ala Trp Thr Leu Leu Phe Ala Phe Pro Tyr Leu
115 120 125

Ala Met Thr Ser Ile Thr Ile Cys Cys Gly Asp Asn Gln Arg Leu Ile
130 135 140

Arg Asn Hisg Leu Pro Arg Leu Gly Ile Ala Thr Val Phe Trp Phe Val
145 150 155 160

Trp Thr Lys Leu Phe Asn Val Ile Glu Ser Ser Tyr Gly Arg Cys Ser
165 170 175

Val Arg Gly Phe Asp Ala Lys Thr Pro Cys Leu Lys Ala Gly His Leu
180 185 190
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Trp Asn Gly Phe Asp Ile Ser Gly His Ala Phe Ile Leu Ile Tyr Ser
195 200 205

Ser Leu Val Leu Met Glu Glu Ala Arg Pro Ile Ile Gly Trp Glu Ser
210 215 220

Ile Lys Asp Leu Leu Arg Asn Glu Glu His Asn Arg Ser Asn Asn Asp
225 230 235 240

<210> SEQ ID NO 10

<211> LENGTH: 288

<212> TYPE: PRT

<213> ORGANISM: T.nigroviridis
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

<400> SEQUENCE: 10

Arg Val Thr Ala Ala Leu Arg Ala Ala Ala Arg Arg Phe Leu Gly Leu
1 5 10 15

Leu Asn Ala Ala Leu Val Leu Ala Ser Asp Leu Leu Ala Arg Leu Phe
20 25 30

Gly Ser Gly Pro Val Arg Arg His Phe His Leu Leu Leu Ser Ser Leu
35 40 45

Val Leu Leu Gly Pro Ala Leu Ser Phe Trp Val Ser Lys Tyr Ser Ile
50 55 60

Phe Ala Asn Ser His Asn Tyr Leu Tyr Arg Lys Phe Leu Gly Ser Thr
65 70 75 80

Trp Gly Trp Thr Cys Thr Leu Thr Gly Ser Phe Val Leu Leu Leu Ser
85 90 85

Ile Ser Ala Arg Arg Ser Ala Ser Thr Ser Leu Lys His Leu Ser Arg
100 105 110

Leu Val Val Leu Gly Leu Leu Trp Gly Gly Cys Arg Cys Leu Leu Thr
115 120 125

Leu Leu Glu Asp Ala Ala Gly Ala Cys Tyr Glu Pro Leu Ser Ser Gly
130 135 140

Pro Glu Ser Glu Gly Leu Ala Ser Pro Leu Gln Pro Leu Leu Leu Leu
145 150 155 160

His Glu Asp Gln Ser Lys Ala Ser Cys Leu Lys Ala Gly Leu Leu Trp
165 170 175

Arg Gly Tyr Gln Val Ser Gln Glu Val Leu Val Leu Cys Leu Cys Cys
180 185 190

Leu Ala Leu Val Glu Glu Val Ser Val Phe Arg Phe His Leu Asp Gln
195 200 205

Ala Ala Ser Leu His Arg Pro Pro Ile Gly Pro Leu Arg Cys Leu Phe
210 215 220

Leu Leu Cys Val Leu Leu Leu Gly Leu Trp Val Phe Leu Leu Leu Cys
225 230 235 240

Leu Leu Ala His Phe Pro Gln Phe Pro Ser Gln Gln Leu Gly Gly 2la
245 250 255

Val Gly Tyr Leu Gly Trp Arg Gly Leu Tyr Gln Gly Trp Phe Arg Leu
260 265 270

Pro Pro Ser Trp Met Cys Pro Gly Leu Pro Gly Glu Gly Leu Leu Pro
275 280 285



US 2010/0095391 A1

21

-continued

Apr. 15,2010

<210> SEQ ID NO 11

<211> LENGTH: 290

<212> TYPE: PRT

«<213> ORGANISM: D.rerio
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

<400> SEQUENCE: 11

Met

1

Leu

Ala

Ser

Ser

65

Leu

Ser

Leu

Ala

Leu

145

Met

Leu

Leu

Phe

Leu

225

Gly

Pro

Gln

Ile

Phe Leu Asn Ser Ile Leu
Leu Gly Asn Thr Ser Phe
20

Leu Leu Leu Phe Gly Pro
35

Val Phe Ala Lys Arg Thr
50 55

Gly Trp Gly Trp Thr Cys
70

Ser Phe Ser Val Arg Arg
85

Arg Leu Ala Val Ala Gly
100

Cys Leu Leu Glu Asn Ala
115

Ala Leu Glu Met Thr Ser
130 135

Leu Leu Arg Glu Ala Glu
150

Leu Trp Arg Gly Tyr Glu
165

Cys Cys Leu Leu Leu Ala
180

Asn Leu Gly Gly Pro Ser
195

Cys Val Leu Leu Leu Ser
210 215

Ala Tyr Phe Pro Glu Phe
230

Cys Leu Ser Trp Arg Ala
245

Ser Trp Tyr Cys Pro Gly
260

Ser Lys Gln Asp Glu Leu
275

Asp
290

<210> SEQ ID NO 12

<211> LENGTH: 260

<212> TYPE: PRT

«213>» ORGANISM: X.laevis
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

Val

Arg

Leu

40

His

Ile

Ser

Gly

Thr

120

Gly

Thr

Val

Glu

Glu

200

Leu

Pro

Leu

Arg

Leu
280

Val

Arg

25

Leu

Phe

Phe

Leu

Leu

105

Gly

Thr

Lys

Ser

Glu

185

Ala

Trp

Thr

Tyr

Pro

265

Glu

Ile

10

His

Ser

Leu

Val

Thr

90

Trp

Ser

Asn

Glu

Glu

170

Thr

Pro

Val

Gln

Gln

250

Gly

Thr

Thr

Phe

Leu

Tyr

Gly

75

Leu

Leu

Cys

Gly

Thr

155

Asp

Ala

Leu

Phe

Leu

235

Gly

Val

Gln

Asp

His

Trp

Arg

60

Ser

Ser

Gly

Tyr

Glu

140

Cys

Ala

Val

Arg

Leu

220

Leu

Trp

Gly

Thr

Leu

Leu

Val

45

Val

Phe

Leu

Phe

Glu

125

Gly

Val

Leu

Phe

Ile

205

Leu

Gly

Tyr

Leu

Asn
285

Ala

Leu

30

Ser

Phe

Val

Arg

Arg

110

Pro

Gln

Arg

Leu

Gly

190

Leu

Leu

Arg

Leu
270

Ala

Ala

15

Leu

His

Leu

Phe

His

95

Lys

Leu

Pro

Ser

Leu

175

Pro

Phe

Cys

Ala

Leu

255

Ser

Lys

Gly

Ser

Tyr

Arg

Val

80

Leu

Leu

Ser

Leu

Gly

160

Cys

Tyr

Leu

Leu

Leu

240

Arg

Thr

Glu
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<400> SEQUENCE: 12

Met Glu Arg Leu Glu Asn Cys Ala Gln Met Phe Gln Arg Lys Phe Leu
1 5 10 15

Asn Glu Ala Phe Arg Arg His Cys Pro Val Leu Leu Ala Cys Ile Ala
20 25 30

Leu Gly Gly Ser Leu Leu Lys Glu Leu Ser Pro Leu Pro Asp Ser Tyr
35 40 45

Trp Asn Asn Lys Arg Asn Val Leu Asn Val Tyr Phe Val Lys Phe Cys
50 55 60

Trp Gly Trp Thr Leu Trp Leu Leu Leu Pro Phe Ile Thr Leu Thr Asn
65 70 75 80

Tyr Lys Leu Thr Gly Ser Ile Thr Lys Val Leu Arg Arg Leu Ser Ser
85 90 85

Leu Leu Val Gly Thr Leu Phe Trp Tyr Leu Cys Thr Asn Leu Phe Leu
100 105 110

Tyr Ile Glu His Ile Thr Gly Ser Cys Tyr Glu Ser Glu Ala Leu Leu
115 120 125

Asp Ser Ile Glu His Gln Asp Arg Lys Glu Cys Arg Leu His Gly Gly
130 135 140

Phe Trp His Gly Phe Asp Ile Ser Gly His Cys Phe Leu Leu Ser Tyr
145 150 155 160

Cys Ile Leu Ile Ile Leu Glu Glu Thr Ser Val Ile Arg Ser Ile Gln
165 170 175

Phe Glu Arg His Trp His Arg Met Ala Ile Asn Ala Gln Phe Thr Ala
180 185 190

Leu Ser Ile Leu Val Ile Ile Trp Val Trp Met Phe Leu Cys Thr Ala
195 200 205

Val Tyr Phe His Asn Ile Phe Gln Lys Val Ile Gly Thr Ala Phe Gly
210 215 220

Met Leu Ala Trp Tyr Ile Thr Tyr Arg Trp Trp Tyr Leu Gln Pro Ile
225 230 235 240

Ser Pro Gly Leu Pro Pro Ala Ser Ala Ser His Ser Glu Lys Glu Pro
245 250 255

Val Tyr Lys Asn
260

<210> SEQ ID NO 13

<211> LENGTH: 271

<212> TYPE: PRT

<213> ORGANISM: G.gallus
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT

<400> SEQUENCE: 13

Met Glu Arg Leu Glu Arg Cys Ala Arg Cys Leu Arg Ala Arg Leu Val
1 5 10 15

Ala Ala Ala Val Arg Arg Arg Leu Pro Trp Leu Leu Leu Gly Leu Val
20 25 30

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

Met Gln Asn Lys Arg Asn Val Phe Asn Val Tyr Phe Val Lys Val Ala
50 55 60
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Trp Ala Trp Thr Phe Trp Leu Leu Leu Pro Phe Ile Gly Val Thr Thr
65 70 75 80

Tyr Leu Phe Ala Lys Ser Lys Phe Leu Tyr Gly Pro Thr Lys Ser Ile
85 90 85

Leu Ala Ala Leu Arg Arg Leu Ser Thr Leu Leu Val Gly Thr 2la Val
100 105 110

Trp Tyr Val Cys Thr Glu Leu Phe Met Tyr Ile Glu Asn Leu Thr Gly
115 120 125

Thr Cys Ser Thr Ser Ser Lys Leu Ser Glu Pro His Gln Leu Tyr Ala
130 135 140

Thr Lys Gln Glu Cys His Arg Asn Asn Gly Ile Trp Asn Gly Phe Asp
145 150 155 160

Ile Ser Gly His Cys Phe Leu Leu Ser Tyr Cys Ala Leu Met Ile Val
165 170 175

Glu Glu Met Ala Val Leu Glu Gly Leu Ser Ile Asp Arg Asn Ser Arg
180 185 190

Leu Arg Val Val Ile Asn Gly Leu Phe Val Ser Leu Cys Phe Leu Thr
195 200 205

Met Ile Trp Val Phe Met Phe Leu Cys Thr Thr Val Tyr Phe His Asp
210 215 220

Phe Ser Gln Lys Leu Leu Gly Ala Leu Ile Gly Leu Ala Ala Trp Tyr
225 230 235 240

Ala Thr Tyr Arg Val Trp Tyr Leu Lys Pro Phe Ser Pro Gly Leu Pro
245 250 255

Leu Pro Asn Ile Pro Leu Ser Ser Lys Lys Tyr Ser Tyr Ser Arg
260 265 270

<210> SEQ ID NO 14

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: P.trogledytes
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT2

<400> SEQUENCE: 14

Met Glu His Leu Glu Arg Cys Glu Trp Leu Leu Arg Gly Thr Leu Val
1 5 10 15

Arg Ala Ala Val Arg Arg Tyr Leu Pro Trp Ala Leu Val Ala Ser Met
20 25 30

Leu Ala Gly Ser Leu Leu Lys Glu Leu Ser Pro Leu Pro Glu Ser Tyr
35 40 45

Leu Ser Asn Lys Arg Asn Val Leu Asn Val Tyr Phe Val Lys Val 2la
50 55 60

Trp Ala Trp Thr Phe Cys Leu Leu Leu Pro Phe Ile Ala Leu Thr Asn
65 70 75 80

Tyr Hisg Leu Thr Gly Lys Ala Gly Leu Val Leu Arg Arg Leu Ser Thr
85 90 95

Leu Leu Val Gly Thr Ala Ile Trp Tyr Ile Cys Thr Ser Ile Phe Ser
100 105 110

Agn Ile Glu Hisg Tyr Thr Gly Ser Cys Tyr Gln Ser Pro Ala Leu Glu
115 120 125

Gly Val Arg Lys Glu His Gln Ser Lys Gln Gln Cys His Gln Glu Gly
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130 135 140

Gly Phe Trp His Gly Phe Asp Ile Ser Gly His Ser Phe Leu Leu Thr
145 150 155 160

Phe Cys Ala Leu Met Ile Val Glu Glu Met Ser Val Leu His Glu Val
165 170 175

Lys Thr Asp Arg Ser His Cys Leu His Thr Ala Ile Thr Thr Leu Val
180 185 190

Val Ala Leu Gly Ile Leu Thr Phe Ile Trp Val Leu Met Phe Leu Cys
195 200 205

Thr Ala Val Tyr Phe His Asn Leu Ser Gln Lys Val Phe Gly Thr Leu
210 215 220

Phe Gly Leu Leu Ser Trp Tyr Gly Thr Tyr Gly Phe Trp Tyr Pro Lys
225 230 235 240

Ala Phe Ser Pro Gly Leu Pro Pro Gln Ser Cys Ser Leu Asn Leu Lys
245 250 255

Gln Asp Ser Tyr Lys Lys
260

<210> SEQ ID NO 15

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: C.familiaris

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: FIT2

<400> SEQUENCE: 15

Met Glu His Leu Glu Arg Cys Ala Arg Leu Leu Arg Gly Thr Leu Val
1 5 10 15

Arg Ala Ala Val Arg Arg Tyr Leu Pro Trp Ala Leu Ala Phe Ser Met
20 25 30

Leu Ala Gly Ser Val Leu Lys Glu Leu Ser Pro Leu Pro Glu Ser Tyr
35 40 45

Leu Ser Asn Lys Arg Asn Val Leu Asn Val Tyr Phe Val Lys Leu Ala
50 55 60

Trp Ala Trp Thr Phe Cys Leu Leu Leu Pro Phe Ile Ala Leu Thr Asn
65 70 75 80

Tyr His Leu Thr Gly Arg Ala Gly Leu Val Leu Arg Arg Leu Ser Thr
85 90 85

Leu Leu Val Gly Thr Ala Ile Trp Tyr Val Cys Thr Ala Ile Phe Ser
100 105 110

Asn Ile Glu Asp Tyr Thr Gly Ser Cys Tyr Gln Ser Pro Thr Leu Glu
115 120 125

Gly Val Arg Lys Glu His Gln Ser Lys Gln Gln Cys His Gly Glu Gly
130 135 140

Gly Phe Trp His Gly Phe Asp Ile Ser Gly His Ser Phe Leu Leu Thr
145 150 155 160

Phe Cys Ala Leu Met Ile Val Glu Glu Met Ala Val Leu His Glu Leu
165 170 175

Lys Met Asp Arg Ser His Cys Leu His Thr Ala Ile Thr Thr Leu Val
180 185 190

Val Ala Leu Gly Phe Leu Thr Phe Ile Trp Val Trp Met Phe Leu Cys
195 200 205
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Thr Ala Val Tyr Phe His Asn Leu Ser Gln Lys Val Phe Gly Thr Leu
210 215 220

Phe Gly Leu Leu Gly Trp Tyr Gly Thr Tyr Gly Phe Trp Tyr Leu Lys
225 230 235 240

Ser Phe Ser Pro Gly Leu Pro Pro Gln Ser Ser Ser Leu Asn Leu Lys
245 250 255

Gln Asp Ser Tyr Lys Lys
260

<210> SEQ ID NO 16

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: B.taurus
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT2

<400> SEQUENCE: 16

Met Glu His Leu Glu Arg Cys Ala Trp Val Leu Arg Gly Thr Leu Val
1 5 10 15

Arg Ser Ala Val Arg Lys Tyr Leu Pro Trp Ala Leu Ala Ala Ser Met
20 25 30

Leu Ala Gly Ser Leu Leu Lys Glu Leu Ser Pro Leu Pro Glu Ser Tyr
35 40 45

Leu Ser Asn Lys Arg Asn Val Leu Asn Val Tyr Phe Val Lys Val Ala
50 55 60

Trp Ala Trp Thr Phe Cys Leu Leu Leu Pro Phe Ile Ala Leu Thr Asn
65 70 75 80

Tyr His Leu Thr Gly Lys Ala Gly Leu Val Leu Arg Arg Leu Ser Thr
85 90 85

Leu Leu Val Gly Thr Ala Ile Trp Tyr Val Cys Thr Ala Ile Phe Ser
100 105 110

Asn Ile Glu His Tyr Thr Gly Ser Cys Tyr Gln Ser Pro Ala Leu Glu
115 120 125

Gly Glu Arg Lys Glu His Gln Ser Lys Gln Gln Cys His Gly Glu Gly
130 135 140

Gly Phe Trp His Gly Phe Asp Ile Ser Gly His Ser Phe Leu Leu Thr
145 150 155 160

Phe Cys Ala Leu Met Ile Val Glu Glu Met Ala Val Leu His Glu Val
165 170 175

Lys Thr Asp Arg Asn His Cys Leu His Ala Ala Ile Thr Thr Leu Val
180 185 190

Val Ala Leu Gly Phe Leu Thr Phe Ile Trp Val Trp Met Phe Leu Cys
195 200 205

Thr Ala Val Tyr Phe His Asn Leu Ser Gln Lys Val Phe Gly Thr Leu
210 215 220

Phe Gly Leu Leu Gly Trp Tyr Gly Thr Tyr Gly Cys Trp Tyr Leu Lys
225 230 235 240

Ser Phe Ser Pro Gly Leu Pro Pro Gln Ser Ser Ser Leu Asn Leu Lys
245 250 255

Gln Asp Thr Tyr Lys Lys
260

«210> SEQ ID NO 17
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<211> LENGTH: 300

<212> TYPE: PRT

<213> ORGANISM: P.trogledytes
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT1

<400> SEQUENCE: 17

Met Asp Lys Asp Ser Pro Glu Gln Leu Ala Leu Arg Tyr Glu Leu CGlu
1 5 10 15

His Gly Pro Gly Ala Arg Ala Arg Ile Gln Ala Leu Leu Asp Cys Leu
20 25 30

Val Lys Val Leu Leu Trp Val Ala Ser Ala Leu Leu Tyr Phe Gly Ser
35 40 45

Glu Gln Ala Ala Arg Leu Leu Gly Ser Pro Cys Leu Arg Arg Leu Tyr
50 55 60

His Ala Trp Leu Ala Ala Val Val Ile Phe Gly Pro Leu Leu Gln Phe
65 70 75 80

His Val Asn Pro Arg Thr Ile Phe Ala Ser His Gly Asn Phe Phe Asn
85 90 95

Ile Lys Phe Val Asn Ser Ala Trp Gly Trp Thr Cys Thr Phe Leu Gly
100 105 110

Gly Phe Val Leu Leu Val Val Phe Leu Ala Thr Arg Arg Val Ala Val
115 120 125

Thr Ala Arg His Leu Ser Arg Leu Val Val Gly Ala Ala Val Trp Arg
130 135 140

Gly Ala Gly Arg Ala Phe Leu Leu Ile Glu Asp Leu Thr Gly Ser Cys
145 150 155 160

Phe Glu Pro Leu Pro Gln Gly Leu Leu Leu His Glu Leu Pro Asp Arg
165 170 175

Arg Ser Cys Leu Ala Ala Gly His Gln Trp Arg Gly Tyr Thr Val Ser
180 185 190

Ser His Thr Phe Leu Leu Thr Phe Cys Cys Leu Leu Met Ala Glu Glu
195 200 205

Ala Ala Val Phe Ala Lys Tyr Leu Ala His Gly Leu Pro Ala Gly Ala
210 215 220

Pro Leu Arg Leu Val Phe Leu Leu Asn Val Leu Leu Leu Gly Leu Trp
225 230 235 240

Asn Phe Leu Leu Leu Cys Thr Val Ile Tyr Phe His Gln Tyr Thr His
245 250 255

Lys Val Val Gly Ala Ala Val Gly Thr Phe Ala Trp Tyr Leu Thr Tyr
260 265 270

Gly Ser Trp Tyr His Gln Pro Trp Ser Pro Gly Ser Pro Gly His Gly
275 280 285

Leu Phe Pro Arg Pro His Ser Ser Arg Lys His Asn
290 295 300

<210> SEQ ID NO 18

«211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: C.familiaris

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: FIT1

«<400> SEQUENCE: 18
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Met Glu Arg Gly Pro Ala Val Gly Ala Gly Leu Gly Ala Gly Ala Arg
1 5 10 15

Ile Arg Ala Leu Leu Gly Cys Leu Val Lys Val Leu Leu Trp Val Ala
20 25 30

Ser Ala Leu Leu Tyr Phe Gly Ser Glu Gln Ala Ala Arg Leu Leu Gly
35 40 45

Ser Pro Cys Leu Arg Arg Leu Tyr His Ala Trp Leu Ala Ala Val Val
50 55 60

Ile Phe Gly Pro Leu Leu Gln Phe His Val Asn Pro Arg Thr Ile Phe
65 70 75 80

Ala Ser His Gly Asn Phe Phe Asn Ile Lys Phe Val Asn Ser Ala Trp
85 90 85

Gly Trp Thr Cys Thr Phe Leu Gly Gly Phe Val Leu Leu Val Val Phe
100 105 110

Leu Ala Thr Arg Arg Val Ala Val Thr Ala Arg His Leu Ser Arg Leu
115 120 125

Val Val Gly Ala Ala Val Trp Arg Gly Ala Gly Arg Ala Phe Leu Leu
130 135 140

Ile Glu Asp Leu Thr Gly Ser Cys Phe Glu Pro Leu Pro Gln Gly Leu
145 150 155 160

Leu Leu His Glu Leu Pro Asp Arg Arg Ser Cys Leu Ala Ala Gly His
165 170 175

Gln Trp Arg Gly Tyr Thr Val Ser Ser His Thr Phe Leu Leu Thr Phe
180 185 190

Cys Cys Leu Leu Met Ala Glu Glu Ala Ala Val Phe Ala Lys Tyr Leu
195 200 205

Ala His Gly Leu Pro Ala Gly Ala Pro Leu Arg Leu Val Phe Leu Leu
210 215 220

Asn Val Leu Leu Leu Gly Leu Trp Asn Phe Leu Leu Leu Cys Thr Val
225 230 235 240

Ile Tyr Phe His Gln Tyr Thr His Lys Val Val Gly Ala Ala Val Gly
245 250 255

Thr Phe Ala Trp Tyr Leu Thr Tyr Gly Ser Trp Tyr His Gln Ser Trp
260 265 270

Ser Pro Gly Ser Pro Gly His Gly Leu Phe Pro Arg Pro His Ser Ser
275 280 285

Arg Lys His Asn
290

<210> SEQ ID NO 19

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: B.taurus
<220> FEATURE:

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: FIT1

<400> SEQUENCE: 19

Met Glu Arg Gly Pro Val Val Gly Ala Gly Arg Gly Ala Gly Ala Arg
1 5 10 15

Ile Arg Ala Leu Leu Gly Gly Leu Val Arg Val Leu Leu Trp Val Ala
20 25 30

Ser Ala Leu Leu Tyr Phe Gly Ser Glu Gln Ala Ala Arg Leu Leu Gly
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35 40 45

Ser Pro Cys Leu Arg Arg Leu Tyr His Ala Trp Leu Ala Ala Val Val
50 55 60

Ile Phe Gly Pro Leu Leu Gln Phe His Val Asn Pro Arg Thr Ile Phe
65 70 75 80

Ala Ser His Gly Asn Phe Phe Asn Ile Lys Phe Val Asn Ser Ala Trp
85 90 85

Gly Trp Thr Cys Thr Phe Leu Gly Gly Phe Val Leu Leu Val Val Phe
100 105 110

Leu Ala Thr Arg Arg Val Ala Val Thr Ala Arg His Leu Ser Arg Leu
115 120 125

Val Val Gly Ala Ala Val Trp Arg Gly Ala Gly Arg Ala Phe Leu Leu
130 135 140

Ile Glu Asp Leu Thr Gly Ser Cys Phe Glu Pro Leu Pro Gln Gly Leu
145 150 155 160

Leu Leu His Glu Leu Pro Asp Arg Arg Ser Cys Leu Ala Ala Gly His
165 170 175

Gln Trp Arg Gly Tyr Thr Val Ser Ser His Thr Phe Leu Leu Thr Phe
180 185 190

Cys Cys Leu Leu Met Ala Glu Glu Ala Ala Val Phe Ala Lys Tyr Leu
195 200 205

Ala His Gly Leu Pro Ala Gly Ala Pro Leu Arg Leu Val Phe Leu Leu
210 215 220

Asn Val Leu Leu Leu Gly Leu Trp Asn Phe Leu Leu Leu Cys Thr Val
225 230 235 240

Ile Tyr Phe His Gln Tyr Thr His Lys Val Val Gly Ala Ala Val Gly
245 250 255

Thr Phe Ala Trp Tyr Leu Thr Tyr Gly Ser Trp Tyr His Gln Pro Trp
260 265 270

Ser Pro Gly Ser Pro Gly His Gly Leu Phe Pro Arg Pro His Ser Ile
275 280 285

His Lys His Asn
290

<210> SEQ ID NO 20

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: shRNA control

<400> SEQUENCE: 20

caccgaatte teegaacgty tcacgegaac gtgacacgtt cggagaa 47
<210> SEQ ID NO 21

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

«223> OTHER INFORMATION: shRNA FIT2

<400> SEQUENCE: 21

caccgocacca tgtttggttt gttggcgaac caacaaacca aacatggtge 50

«210> SEQ ID NO 22
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<211> LENGTH: 76

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22
cattagccce tcectcagect ccagcagage agacagttag tggggagggg ccatggecga

tcatattcaa taaccc

<210> SEQ ID NO 23

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 23
tgtttgcgca ttgagcggga tcgagggaag agcccgtgge ctgggatcec ataacttegt

atagcatac

<210> SEQ ID NO 24

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 24

gttgacegte agtecteaaa ctggecectt ge

<210> SEQ ID NO 25

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 25

gettggetgg acgtaaacte ctetteagac ¢

<210> SEQ ID NO 26

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 26

gaaaagaatc ggaggagaca gagccaggece tgg

<210> SEQ ID NO 27

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 27

gaaccagety gggctcgact agagettgeg g

«210> SEQ ID NO 28

60

76

60

69

32

31

33

31
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<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 28

acacaagttt tgcacagaca tagatgcagg

<210> SEQ ID NO 29

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 29

caacttcaca cagcctagaa tcatctgaga ggagaacc

<210> SEQ ID NO 30

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 30
acacaagttt tgcacagaca tagatgcagg taaaatatac ataagtaage gaacaactece

geegegegeyg cte

<210> SEQ ID NO 31

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

caacttcaca cagectagaa tceatctgaga ggagaaccte aatggaggaa gagtaaactt
ggtctgacayg

<210> SEQ ID NO 32

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 32

caggetgete ttecaggagta tatctgggtt ¢
<210> SEQ ID NO 33

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

cecgggageca ccttettete caaccgtece gg

«210> SEQ ID NO 34

30

38

60

73

60

70

31

32
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<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

agttacagac aattgtgagt tgccatgtgg ¢

<210> SEQ ID NO 35

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

ctgagatagg tgcctcactg attaagcatt gg

<210> SEQ ID NO 36

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 36

gtacccecaca gteacatceca taggacaate ¢

<210> SEQ ID NO 37

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 37

ctaactgtet getctgetgg aggetgagga gg

<210> SEQ ID NO 38

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 38

getcagagga ggcagacatg gcagatgttg ctgtatetgg cctaatgaac ccgatcatat

tcaataacce

<210> SEQ ID NO 39

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

«<400> SEQUENCE: 39

acgtgggaat cctattagee attgtectec tgtecctatyg tecttetett ataacttegt

atagcatac

«210> SEQ ID NO 40

31

32

31

32

60

70

60

69
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<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 40

taagaataga gtgtaagggt ggtagttgtt cc

<210> SEQ ID NO 41

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 41

ccttecatect tecccacteg tagtggetgg te

<210> SEQ ID NO 42

<211> LENGTH: 73

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 42
acagtccecag ctececatgge actecteact gtaaatataa ctegecgatyg gaacaactece

geegegegeyg cte

<210> SEQ ID NO 43

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43
getggeetgy aactcacttt atagagaggg ctggttttga acetgtgtty gagtaaactt

ggtetgacag

<210> SEQ ID NO 44

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44

cttegtgeac actagtcaag catcctacca ac
<210> SEQ ID NO 45

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

ctattttgaa acaggatctc ttacgtgace ¢

«210> SEQ ID NO 46

32

32

60

73

60

70

32

31
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<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46
taatgaacca ggagcccage agcctggcac gecaattgtt taggggtage gatatcgaat

te

<210> SEQ ID NO 47

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 47
gaaaaaaaga aagaaagaaa gcgagcaagc tttagttcaa gctacaagac agtggatcca

ccC

<210> SEQ ID NO 48

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48

accacatggt ggeteataac catetgteat g

<210> SEQ ID NO 49

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

taagaataga gtgtaagggt ggtagttgtt cc

<210> SEQ ID NO 50

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 50

acaagcttag ttggecagact ctgetggegyg tgccaccatyg ttgccageay gatategaat
te

<210> SEQ ID NO 51

<211> LENGTH: 62

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

«<400> SEQUENCE: 51

acgatgagge aggctgetet ccctetgetyg agectcaget cteectetgyg agtggatcca

60

62

60

62

31

32

60

62

60
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<210> SEQ ID NO 52
<211> LENGTH: 31
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 52
agtgagttce agaacacgca gggctacaca g 31
<210> SEQ ID NO 53
<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 53
gctcagcaga gggagagcag cctgectgat cgt 33
<210> SEQ ID NO 54
<211> LENGTH: 4823
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Plasmid
<400> SEQUENCE: 54
ttaatatttt gttaaaattc gcgttaaatt tttgttaaat cagetcattt tttaaccaat 60
aggccgaaat cggcaaaate ccttataaat caaaagaata gaccgagata gggttgagtyg 120
ttgttecagt ttggaacaag agtccactat taaagaacgt ggactccaac gtcaaagggce 180
gaaaaaccegt ctatcaggge gatggeccac tacgtgaace atcaccctaa tcaagttttt 240
tggggtcgag gtgcecgtaaa gcactaaatc ggaaccctaa agggageccece cgatttagag 300
cttgacgggy aaagecggeyg aacgtggega gaaaggaagy gaagaaagedg aaaggagedy 360
gegetaggge getggcaagt gtageggtca cgetgegegt aaccaccaca cccgeegege 420
ttaatgecgee gctacaggge gegtcaggtg geactttteg gggaaatgtg cgeggaacee 480
ctatttgttt atttttctaa atacattcaa atatgtatce gctcatgaga caataaccct 540
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcegtgteg 600
ccettattece cttttttgeg gcattttgee tteetgtttt tgctecaccca gaaacgetgg 660
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatce 720
tcaacagegg taagatcctt gagagtttte gecccgaaga acgttttceca atgatgagea 780
cttttaaagt tctgetatgt ggegeggtat tatcccgtat tgacgeceggg caagagcaac 840
tecggtegeeg catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa 900
agcatcttac ggatggcatg acagtaagag aattatgcag tgetgccata accatgagtg 960
ataacactgc ggccaactta cttetgacaa cgatcggagg accgaaggag ctaaccgett 1020
ttttgcacaa catgggggat catgtaactc gecttgatceg ttgggaaccg gagctgaatg 1080
aagccatacc aaacgacgag cgtgacacca cgatgcectgt agcaatggea acaacgttge 1140
gcaaactatt aactggcgaa ctacttactc tagcttccecyg gcaacaatta atagactgga 1200
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tggaggcgga taaagttgca ggaccacttc tgcgctcgge ccttecgget ggctggttta 1260
ttgctgataa atctggagcc ggtgagcgtg ggtctcgegg tatcattgca gcactgggge 1320
cagatggtaa gccctcccegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 1380
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 1440
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 1500
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 1560
cgttccactg agecgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 1620
ttctgcgegt aatctgctge ttgcaaacaa aaaaaccacce gctaccageg gtggtttgtt 1680
tgccggatca agagctacca actctttttce cgaaggtaac tggcttcage agagcgcaga 1740
taccaaatac tgttcttcta gtgtagccgt agttaggcca ccacttcaag aactctgtag 1800
caccgcctac atacctcget ctgctaatce tgttaccagt ggctgetgcce agtggegata 1860
agtcgtgtet taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg 1920
gctgaacggy gggttcegtge acacagecca gettggageg aacgacctac accgaactga 1980
gatacctaca gegtgageta tgagaaageg ccacgettee cgaagggaga aaggceggaca 2040
ggtatcecggt aagcggcagg gtcggaacag gagagcgcac gagggagcett ccagggggaa 2100
acgectggta tetttatagt cctgtegggt ttegecacet ctgacttgag cgtegatttt 2160
tgtgatgete gteagggggg cggagectat ggaaaaacge cagcaacgeg gectttttac 2220
ggttectygge cttttgetgyg cettttgete acatgttett tectgegtta teccctgatt 2280
ctgtggataa cegtattace gectttgagt gagetgatac cgetegecege agecgaacga 2340
cegagegeay cgagteagty agegaggaag cggaagageg cccaatacge aaaccgecte 2400
teecegegey ttggecgatt cattaatgea getggeacga caggtttece gactggaaag 2460
cgggcagtga gegcaacgea attaatgtga gttagetcac tcattaggca ccccaggett 2520
tacactttat gcetteegget cgtatgttgt gtggaattgt gageggataa caatttcaca 2580
caggaaacag ctatgaccat gattacgeca agetcegaaat taaccctceac taaagggaac 2640
aaaagctggt accgggeccee ccctegaggt cgacctgcag ccaagetate gaattectge 2700
agcccaatte cgatcatatt caataaccct taatataact tcgtataatg tatgetatac 2760
gaagttatta ggtctgaaga ggagtttacg tccagccaag ctagettgge tgcaggtegt 2820
cgaaatteta cecgggtaggg gaggegettt teccaaggeca gtcetggagea tgegetttag 2880
cagceccceget gggeacttgg cgctacacaa gtggectetg gectegecaca cattcecacat 2940
ccaccggtag gegecaaceg gceteegttet ttggtggece cttegegeca ccttetacte 3000
ctccectagt caggaagtte cccccegece cgecagetege gtegtgcagyg acgtgacaaa 3060
tggaagtage acgtctcact agtctcegtge agatggacag caccgetgag caatggaage 3120
gggtaggcet ttggggcage ggccaatage agetttgete cttegettte tgggcetcaga 3180
ggctgggaag gggtgggtee gggggeggge tcaggggegy getcagggge ggggegggeyg 3240
cccgaaggte ctecggagge ccggeattet gecacgettca aaagegcacyg tcetgeegege 3300
tgttectecte ttectecatet cecgggecttt cgacctgroag cctgttgaca attaatcatce 3360
ggcatagtat atcggcatag tataatacga caaggtgagg aactaaacca tgggatcgge 3420

cattgaacaa gatggattgc acgcaggtte tccggcecget tgggtggaga ggctattegg 3480
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ctatgactgg gcacaacaga caatcggctg ctctgatgee gccgtgttce ggectgtecage 3540
gcaggggcege ccggttettt ttgtcaagac cgacctgtee ggtgeccctga atgaactgca 3600
ggacgaggca gcgcggctat cgtggctgge cacgacggge gttecttgeg cagectgtget 3660
cgacgttgtce actgaagcgg gaagggactg gctgctattg ggcgaagtgce cggggcagga 3720
tctectgtea tcectcaccttg ctectgccga gaaagtatce atcatggetg atgcaatgeg 3780
gcggctgeat acgcttgatc cggctacctg cccattcgac caccaagcga aacatcgcat 3840
cgagcgagca cgtactcgga tggaagccgg tcttgtcgat caggatgatc tggacgaaga 3900
gcatcagggyg ctegcegecag ccgaactgtt cgceccaggcte aaggcgegeca tgcccgacgg 3960
cgatgatctce gtecgtgacce atggcgatge ctgcttgccg aatatcatgg tggaaaatgg 4020
ccgettttet ggattcateg actgtggceg getgggtgtg geggaccget atcaggacat 4080
agcgttgget acccgtgata ttgctgaaga gcttggcgge gaatgggctg accgettect 4140
cgtgctttac ggtatcgceg ctcccgattc gcagegcatce gecttcectatce gecttcettga 4200
cgagttctte tgaggggatc aattctctag agctcgctga tcagectcga ctgtgectte 4260
tagttgecag ccatetgttyg tttgecccete cccegtgect tecttgacee tggaaggtge 4320
cactcccact gtectttcct aataaaatga ggaaattgca tcgcattgtc tgagtaggtg 4380
tcattetatt ctggggggty gggtggggca ggacagcaag ggggaggatt gggaagacaa 4440
tagcaggeat getggggatg cggtgggete tatggettet gaggeggaaa gaaccagetyg 4500
gggetegact agagettgeyg gaacccttaa tataactteg tataatgtat getatacgaa 4560
gttattaggt cecctegaggyg gatccactag ttetagageg gecgecaceyg cggtggaget 4620
ccaattegee ctatagtgag tegtattaca attcactgge cgtegtttta caacgtegtyg 4680
actgggaaaa ccetyggegtt acccaactta ategecttge ageacatcece cctttegeca 4740
getggegtaa tagegaagag geccgeaceg ategeccette ccaacagttyg cgcagectga 4800
atggcgaatg gaaattgtaa gcg 4823
<210> SEQ ID NO 55

<211> LENGTH: 4832

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Plasmid

<400> SEQUENCE: 55

ctaaattgta agcgttaata ttttgttaaa attcgegtta aatttttgtt aaatcagcte 60
attttttaac caataggceg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 120
gatagggttyg agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggacte 180
caacgtcaaa gggcgaaaaa ccgtctatca gggcgatgge ccactacgty aaccatcace 240
ctaatcaagt tttttggggt cgaggtgccg taaagcacta aatcggaacc ctaaagggag 300
ccccegattt agagettgac ggggaaagcec ggcgaacgtyg gcgagaaagy aagggaagaa 360
agcgaaagga gcgggcegceta gggegetgge aagtgtageg gtcacgetge gcgtaaccac 420
cacaccecgece gegettaaty cgecgcetaca gggegegtec cattegecat tcaggetgeg 480
caactgttgg gaagggcgat cggtgcggge ctettegeta ttacgccage tggcgaaagg 540

gggatgtget gcaaggegat taagttgggt aacgecaggyg tttteccagt cacgacgttg 600
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taaaacgacg gccagtgaat tgtaatacga ctcactatag ggcgaattgg gtaccgggec 660
ccecectegag gtegacggta tcgataaget tgatatcgaa ttcecgaagtt cctattetet 720
agaaagtata ggaacttcag gtctgaagag gagtttacgt ccagccaagc tagcttgget 780
gcaggtcgte gaaattctac cgggtagggg aggcgetttt cccaaggcag tctggagcat 840
gcgetttage agecccgetg ggcacttgge gctacacaag tggcctetgg cctegcacac 900
attccacate caccggtagg cgccaaccgg cteegttcett tggtggecece ttegegecac 960
cttctactee tcecectagte aggaagttce cccecegeccce gcagetegeg tcgtgcagga 1020
cgtgacaaat ggaagtagca cgtctcacta gtctcgtgca gatggacagc accgctgagce 1080
aatggaagcg ggtaggcctt tggggcagcg gccaatagca gctttgctce ttegetttet 1140
gggcteagag getgggaagg ggtgggtecg ggggeggget caggggeggg ctcaggggeg 1200
gggcgggcege ccgaaggtece tccggaggec cggcattcetyg cacgcettcaa aagcgcacgt 1260
ctgcecgeget gttcetectet tcectcatcte cgggecttte gacctgcage ctgttgacaa 1320
ttaatcatcg gcatagtata tcggcatagt ataatacgac aaggtgagga actaaaccat 1380
gggatceggee attgaacaag atggattgea cgecaggttet ceggecgett gggtggagay 1440
gctattegge tatgactggg cacaacagac aatcggctge tctgatgceg ccgtgttecg 1500
getgteageyg caggggegee cggttetttt tgteaagace gacctgteeyg gtgeectgaa 1560
tgaactgeag gacgaggcag cgeggcetate gtggetggee acgacgggeg ttecttgege 1620
agetgtgete gacgttgtea ctgaageggg aagggactgg ctgctattgg gegaagtgee 1680
ggggcaggat ctectgteat ctecaccttge tectgecgag aaagtatceca tceatggetga 1740
tgcaatgegy cggetgeata cgettgatee ggcetacctge ccattegace accaagegaa 1800
acatcgeate gagegagcac gtacteggat ggaagecggt cttgtegate aggatgatet 1860
ggacgaagayg catcagggyge tegogecage cgaactygtte gecaggetcea aggegegeat 1920
gececgacgge gatgateteg tegtgaccca tggegatgee tgettgecga atatcatggt 1980
ggaaaatgge cgettttetyg gattcatega ctgtggecegy ctgggtgtygyg cggaccegeta 2040
tcaggacata gegttggeta cccgtgatat tgcetgaagag cttggeggeg aatgggetga 2100
cegettecte gtgetttacg gtategeege tecegatteg cagegeateg ccttetateg 2160
cettettgac gagttettet gaggggatca attctcectaga getegetgat cagectegac 2220
tgtgeccttet agttgecage catctgttgt ttgecectee ceegtgectt ccttgacect 2280
ggaaggtgcce actcccactyg tectttecta ataaaatgag gaaattgeat cgcattgtet 2340
gagtaggtgt cattctatte tggggggtgg ggtggggcag gacagcaagg gggaggattyg 2400
ggaagacaat agcaggcatg ctggggatgce ggtgggetet atggettetg aggcggaaag 2460
aaccagcetgg ggetegacta gagettgegg aacccttcega agttectatt ctctagaaag 2520
tataggaact tcatcagtca ggtacataat ataacttcgt ataatgtatg ctatacgaag 2580
ttattaggtg gatccactag ttctagagceg gecgecaccg cggtggaget ccagettttyg 2640
ttccoetttag tgagggttaa tttegagett ggcgtaatca tggtcatage tgtttectgt 2700
gtgaaattgt tatccgctca caattccaca caacatacga gccggaagca taaagtgtaa 2760
agcctggggt gectaatgag tgagetaact cacattaatt gegttgeget cactgeccege 2820

tttccagteg ggaaacctgt cgtgecaget gcattaatga atcggccaac gcgeggggag 2880
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aggcggtttg cgtattggge gctcettcege ttectegete actgactcege tgcgeteggt 2940
cgttcggetg cggcgagcegg tatcagctca ctcaaaggeg gtaatacggt tatccacaga 3000
atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg 3060
taaaaaggcc gcgttgctgg cgtttttcca taggctccocge ccccectgacg agcatcacaa 3120
aaatcgacge tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggegtt 3180
tcecectgga ageteccteg tgegetcectece tgttecgace ctgcegetta ccggatacct 3240
gtccgecttt cteccttegg gaagegtgge getttctcat agetcacget gtaggtatcet 3300
cagttcggtg taggtcgttc gctccaaget gggctgtgtg cacgaaccce ccgttcagec 3360
cgaccgctge gccttatceg gtaactatcg tcttgagtce aacceggtaa gacacgactt 3420
atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgce 3480
tacagagttc ttgaagtggt ggcctaacta cggctacact agaagaacag tatttggtat 3540
ctgcgetetg ctgaagccag ttaccttcgg aaaaagagtt ggtagcectctt gatccggcaa 3600
acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa 3660
aaaaggatet caagaagatce ctttgatett ttetacgggg tetgacgete agtggaacga 3720
aaactcacgt taagggattt tggtcatgag attatcaaaa aggatcttca cctagatcct 3780
tttaaattaa aaatgaagtt ttaaatcaat ctaaagtata tatgagtaaa cttggtetga 3840
cagttaccaa tgettaatca gtgaggcace tatctceageg atetgtetat ttegtteate 3900
catagttgee tgactecceg tegtgtagat aactacgata cgggaggget taccatetgg 3960
ccecagtget gecaatgatac cgegagaccee acgetcaceg getcecagatt tatcageaat 4020
aaaccageca geeggaaggg ccgagegeag aagtggtect geaactttat ccgectecat 4080
ccagtetatt aattgttgece gggaagctag agtaagtagt tegecagtta atagtttgeg 4140
caacgttgtt gecattgeta caggeategt ggtgteacge tegtegtttyg gtatggette 4200
attcagcectee ggtteccaac gatcaaggeg agttacatga tccceccatgt tgtgcaaaaa 4260
ageggttage tectteggte ctecgategt tgtcagaagt aagttggecyg cagtgttate 4320
actcatggtt atggcagcac tgcataattc tcttactgte atgecatcecg taagatgett 4380
ttectgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatge ggcgaccgag 4440
ttgetettge ceggegtcaa tacgggataa taccgegeca catagcagaa ctttaaaagt 4500
gctecatcatt ggaaaacgtt cttcggggeg aaaactctca aggatcttac cgetgttgag 4560
atccagtteg atgtaaccca ctcegtgcace caactgatcet tcageatcett ttactttceac 4620
cagcgtttet gggtgagcaa aaacaggaag gcaaaatgec gcaaaaaagg gaataaggge 4680
gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 4740
gggttattgt ctcatgagcyg gatacatatt tgaatgtatt tagaaaaata aacaaatagyg 4800
ggttccgege acatttecee gaaaagtgee ac 4832
<210> SEQ ID NO 56

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer

«<400> SEQUENCE: 56
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caccatggag catctggagce gctgegagtg gttgttgeg

<210> SEQ ID NO 57

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 57

ttatttcttg taactatctt gcttcaaatt caaac
<210> SEQ ID NO 58

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 58

tttcttgtaa ctatcttget tcaaattcaa actac

39

35

35

1. A method of reducing fat storage in a tissue in a subject
by administering to the subject an amount of an agent that is
effective to decrease the level of FIT1 and/or FIT2 in the
tissue in the subject.

2. The method of claim 1, wherein the subject has a disease
involving storage of cytoplasmic fat in droplets.

3. The method of claim 1, wherein the subject has one or
more of obesity, diabetes, metabolic syndrome, fatty liver
disease, steatosis, steatohepatitis, atherosclerosis, diabetic
nephropathy, and hepatitis C infection.

4. The method of claim 1, wherein the level of FIT2 is
decreased in adipose tissue in the subject.

5. The method of claim 4, wherein the subject loses body
weight.

6. The method of claim 1, wherein the level of FIT1 and/or
FIT2 is decreased in the heart, muscle or liver in the subject.

7. The method of claim 1, wherein the agent is an antisense
molecule, a ribozyme, an RNA interference (RNAi) mol-
ecule, a short hairpin RNA (shRNA), an antibody or an
aptamer.

8. A method of increasing fat storage in a tissue in a subject
by administering to the subject an amount of an agent that is
effective to increase the level of FIT1 and/or FIT2 in the tissue
in the subject.

9. The method of claim 1, wherein the agent affects amino
acids FLL, corresponding to amino acids 157 through 159 of
mFIT2; amino acid L, corresponding to amino acid 164 of
mFIT2; or amino acid E, corresponding to amino acid 169 of
mFIT2.

10. A method of screening for a disorder involving regula-
tion of fat storage in a tissue, the method comprising deter-

mining the level of expression or activity of FIT1 and/or FIT2
in a blood, fluid, tissue or cell sample from a subject, wherein
alternation from normal of the level of expression or activity
of FIT1 and/or FIT2 in the sample is indicative of a disorder
involving regulation of fat storage in a tissue.

11-18. (canceled)

19. A method for screening for a candidate agent that can
reduce fat storage in tissue by determining whether or not the
agent is effective to decrease the level of FIT1 and/or FIT2 in
tissue or cells, wherein the method comprises contacting the
agent with cells or tissue that express FIT1 and/or FIT2, and
wherein reduction in expression or activity of FIT1 and/or
FIT2 is indicative that the agent is a candidate agent for
decreasing fat storage in tissue.

20. A method for screening for a candidate agent that can
increase fat storage in tissue by determining whether or not
the agent is effective to increase the level of FIT1 and/or FIT2
in tissue or cells, wherein the method comprises contacting
the agent with cells or tissue that express FIT1 and/or FIT2,
and wherein an increase in expression or activity of FIT1
and/or FIT2 is indicative that the agent is a candidate agent for
increasing fat storage in tissue.

21-26. (canceled)

27. A transgenic mammal in which FIT1 and/or FIT2 is
overexpressed in one or more tissue.

28-34. (canceled)

35. A mammal that has been genetically altered so that
expression of FIT1 and/or FIT2 is reduced in one or more
tissue.

36-40. (canceled)
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