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MICROSONIAI. 'I‘RIGI.YCICRI[)IC TRANSl<'I£R
PROTEIN

CROSS—REFERENCE TO RELATED
APPLICATIONS

This is a divisional of US. Ser. No. 08,t1'l7,362, filed on
Sep. 3, 1993 now U.S. Pat. No. 5,595,872.

This is a continuation-in-part of U.S. patent application
Ser. No. 08f0'15.4-49 Filed Feb. 22, 1993 now abandoned,
which is a continuation—in—part of U.S. patent application
Ser. No. 082847.503, filed Mar. 6, 1992, now abandoned,
each of which is hereby incorporated by reference.

FIELD OF THE INVENTION

This invention relates to microsomal triglyceride transfer
protein, genes for the protein, expression vectors comprising
the genes, host cells comprising the vectors, methods for
producing the protein, methods for detecting inhibitors of
the protein, and methods of using the protein andfor its '
inhibitors.

BACKGROUND OF THE INVENTION

The microsomal triglyceride transfer protein (MTP) cata-
lyzes the transport of triglyceride (TG), cholesteryl ester
[(_'l_-L), and phosphatidylcholine (PC) between small unila-
mellar vesicles (SUV). Wetterau & Zilversmit, Cflmit. t"."r_vs.
Lr'pid.5' 38, 205-22 (1985). When transfer rates are expressed
as the percent of the donor lipid transferred per time, MTP
expresses a distinct preference for neutral lipid transport
("PG and CE), relative to phospholipid transport. The protein
from bovine liver has been isolated and characterized.

Wetterau & Zilversmit, Chem. Pltys. Lipids‘ 38, 205-22
(1985). Polyacrylamide gel electrophoresis(PA(}I_-'.) analysis
of the purifier] protein suggests that the transfer protein is a
complex of two subunits of apparent molecular weights
58,000 and 88,000, since a single band was present when
purified MTP was electrophoresed under nondenaturing
condition, while two bands of apparent molecular weights
58,000 and 88,000 were identified when electrophoresis was
performed in the presence of sodium dodecyl sulfate (SDS).
l‘hese two polypeptides are hereinafter referred to as 58 kDa
and 88 kDa, respectively, or the 58 kDa and the 88 kDa
cotnponent of MTP, respectively, or the low molecular
weight subunit and the high molecular weight subunit of
MTP, respectively.

Characterization of the 58,000 molecular weight compo-
nent of bovine MTP indicates that it is the previously
characterized multifunctional protein, protein disulfide
isomerase (l’Dl). Wetterau et al.,J. Biol. Clieiir. 265, 9800-7
(1990). The presence of PDI in the transfer protein is
supported by evidence showing that (1) the amino terminal
25 amino acids of the bovine 58,000 kDa component of
MTP is identical to that of bovine PDI, and (2) disulfide
isomerase activity was expressed by bovine MTP following
the dissociation of the 58 k|)a—88 kl)a protein complex. In
addition, antibodies raised against bovine PI)I, a protein
which by itself has no TG transfer activity, were able to
immunoprecipitate bovine TG transfer activity frotn a solu-
tion containing purified bovine MTP.

PDI normally plays a role in the folding and assembly of
newly synthesized disulfide bonded proteins within the
lumen of the endoplasmic reticulum. llulleid & lireedman,
Nature 335, 649-51 (1988). It catalyzes the proper pairing
of cysteine residues into disulfide bonds, thus catalyzing the
proper folding, of disulfide bonded proteins. In addition, PD]
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has been reported to be identical to the beta subunit of
human prolyl 4—hydroxylase. Koivu et al., J. Biol. Chem.
262, 6447-9 (1987). The role of PDI in the bovine transfer
protein is not clear. It does appear to be an essential
component of the transfer protein as dissociation of PDI
from the 88 kDa component of bovine MTP by either low
concentrations of a denaturant (guanidine IICI), a cliaotropic
agent (sodium perchlorate}, or a nondenaturing detergent
(octyl glucoside) results in a loss of transfer activity. Wet-
terau et al., Bios.-'rrmti.5'tJ'y 30, 97%—35 (1991). Isolated
bovine PD] has no apparent lipid transfer activity, suggest-
ing that either the 88 kDa polypeptide is the transfer protein
or that it confers transfer activity to the protein complex.

The tissue and subcellular distribution of MTP activity in
rats has been investigated. Wetterau & Zilversmit, Biocltem.
Biripkys. Actrt. 875, 610-7 (1986). Lipid transfer activity
was found in liver and intestine. Little or no transfer activity
was found in plasma, brain, heart, or kidney. \Vithin the
liver, MTP was a soluble protein located within the lumen of
the microsomal fraction. Approximately equal concentra-
tions were found in the smooth and rough microsomcs.

Abetalipoproteineniia is an autesental recessive disease
characterized by a virtual absence of plasma lipoproteins
which contain apolipoprotein B (apoR)_ Kane & Havel in
The t efnboiic Basis of Irthrzrircd Dismi-.99, Sixth edition,
1139-64 (1989). Plasma TG levels may be as low as a few
mgfdl., and they fail to rise after fat ingestion. Plasma
cholesterol levels are often only 20-45 mg_.=’dI__ These abnor-
malities are the result of a gene-tic defect in the assembly
andfor secretion of very low density lipoproteins (VI.DI.) in
the liver and chylomicrons in the intestine. The molecular
basis for this defect has not been previously determined. In
subjects examined, triglyceride, phospholipid, and choles-
terol synthesis appear normal. At autopsy, subjects are free
of atherosclerosis. Schaefer et al_, Chit. Ci'trmt_ 34, R9—l2
(1988). A link between the apoll gene and abetalipopro-
teinemia has been excluded in several families. Talmud et

al., J. Chin. invest. 82, 1803-6 (1988) and Huang, et al.,.rtm.
J. Hum. Genet. 46, 1141-8 (1990).

Subjects with abetalipoproteinemia are aillicted with
numerous maladies. Kane & Havel, supra. Subjects have fat
malabsorption and TG accumulation in their entcrocytes and
hepatocytes. Due to the absence of TG-rich plasma
lipoproteins, there is a defect in the transport of fat-soluble
vitamins such as vitamin E. This results in acanthocytosis of
erythrocytes, spinocerebellar ataxia with degeneration of the
fasciculus cuneatus and gracilis, peripheral neuropathy,
degenerative pigmentary retinopalhy, and ceroid myopathy.
Treatment of abetalipopmteinemic subjects includes dietary
restriction of fat intake and dietary supplementation with
vitamins A, 1:; and K.

To date, the physiological role of MTP has not been
demonstrated. In vitro, it catalyzes the transport of lipid
molecules between phospholipid membranes. Presumably, it
plays a similar role in vivo, and thus plays some role in lipid
metabolism. The subeellular [lumen of the microsomal
fraction) and tissue distribution (liver and intestine) of MTP
have led to speculation that it plays a role in the assembly of
plasma lipoproteins, as these are the sites of plasma lipo-
protein assembly. Wetterau & Zilversmit, Bioeiiem. Br'opIty.s'.
Actrr. 875, 610-7 {1 986). The ability of MTP to catalyze the
transport of TG between membranes is consistent with this
hypothesis, and suggests that MTP may catalyze the trans-
port of TC: from its site of synthesis in the endoplasmic
reticulum (ER) membrane to nascent lipoprotein particles
within the lumen of the ER.

Olofsson and colleagues have studied lipoprotein assem-
bly in lIepG2 cells. Bostrom et al., J. Biol. Chem. 263,
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443442 (1988). Their results suggest small precursor lipo-
proteins become larger with time. This would be consistent
with the addition or transfer of lipid molecules to nascent
lipoprotcins as they are assembled. MTP may play a role in
this process. In support of this hypothesis, Howell and
Palade, J’. Celt’ Biol’. 92, 833-45 ([982), isolated nasoent
lipoproteins from the hepatic Golgi fraction of rat liver.
There was a spectrum of sizes of particles present with
varying lipid and protein compositions. Particles of high
density lipoprotein (IIDL) density, yet containing apoB,
were found. Higgins and llutson, J. Lipid Res. 25
1295-1305 (1984), reported lipoproteins isolated from
Golgi were consistently larger than those from the endo-
plasmic reticulnm, again suggesting the assembly of lipo-
protcins is a progressive event. Ilowever, there is no direct
evidence in the prior art demonstrating that MTP plays a role
in lipid metabolism or the assembly of plasma lipoprotein.

SUMMARY OF THE INVENTION

The present invention concerns an isolated nucleic acid
molecule comprising a nucleic acid sequence coding for all
or part of the high molecular weight subunit of MTP andfor
intron, 5', or 3' flanking regions thereof. Preferably, the
nucleic acid molecule is a DNA (deoxyribonucleic acid)
molecule, and the nucleic acid sequence is a DNA sequence.
l-‘urther preferred is a nucleic acid having all or part of the
nucleotide sequence as shown in SEQ. ID. NOS. 1, 3, 5, 7,
8, 1 together with 5, 2 together with 7, the first 108 bases of
2 together with 8, the first 108 bases of 2 together with 7 and
8, or 8 together with 31 and 32.

The present invention also concenrs a nucleic acid mol-
ecule having a sequence complementary to the above
sequences andfor intron, 5', or 3' flanking regions thereof.

The present invention further concerns expression vectors
comprising a DNA sequence coding for all or part of the
high molecular weight subunit of M’l'P.

The present invention additionally concerns prokaryotic
or eukaryotic host cells containing an expression vector that
comprises a DNA sequence coding for all or part of the high
molecular weight subunit of MTP.

The present invention additionally concerns polypeptides
molecules comprising all or part of the high molecular
weight subunit of MTP. Preferably, the polypeptide is the
high molecular weight subunit of human MTP or the recom-
binantly produced high molecular weight subunit of bovine
MTP.

The present invention also concerns methods for detecting
nucleic acid sequences coding for all or part of the high
molecular weight subunit of MTP or related nucleic acid
sequences.

The present invention further concerns methods for
detecting inhibitors of MTP and, hence, anti-atherosclerotic
and lipid lowering agents.

The present invention further concerns a novel method for
treatment of atherosclerosis, or for lowering the level of
serum lipids such as serum cholesterol, TG, PC, or CE in a
mammalian species comprising administration of a thera-
peutically effective amount of an agent that decreases the
activity or amount of MTP. Such agents would also be useful
for treatment of diseases associated or affected by serum
lipid levels, such as pancreatitis, hyperglycemia, obesity and
the like. In particular, this invention concerns a method of
treatment wherein the agent that decreases the activity of
MTP is a compound of the formula
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wherein:

l{' is alkyl, alkcnyl, alkynyl, aryl, hcteroaryl, arylalky.,
heleroarylalkyl, cycloalkyl, cycloalkylalkyl (all option-
ally substituted through available carbon atoms with I,
2, or 3 groups selected from halo, alkyl, alkcny,
alkoxy, aryloxy, aryl, arylalkyl, alkylmercapto,
arylmereapto, eycloalkyl, cycloalkylalkyl, heteroary.,
heteroarylalkyl);

R2, R3, R4 are independently hydrogen, halo, alky.,
alkenyl, alkoxy, aryloxy, aryl, arylalkyl, alkylmercapto,

arylmercapto, cycloalkyl, cyeloal.kylal.kyl, heteroary.,
heteroarylalkyl;

RS and R" are independently hydrogen, alkyl, alkeny.,
aryl, hctcroary], arylalkyl, heleroarylalkyl, eyeloa1ky-,
eycloalkylalkyl (all optionally substituted through

available carbon atoms with 1, 2, or 3 groups selected
from hydrogen, halo, alkyl, alkenyl, alkoxy, aryloxy,
aryl, arylalkyl, alkylmercapto, arylmercapto,
eycloalkyl, cyeloalkylalkyl, hetcroaryl, heteroaryla—

lkyl; with the proviso that when R5 is CII3, R5 is not
hydrogen.

R7 is alkyl (optionally substituted with oxo), aryl, or
arylalkyl (wherein the alkyl portion is optionally sub-
stituted with oxo). Examples of such oxo-sustitutecl
groups are described in Cortizo, I... J’. Med. Chem. 34,
2242-224? (1991).

Also in accordance with the present invention are novel

compounds of formula I, wherein R1 is alkyl, alkenyl, aryl,
heteroaryl, arylalkyl (wherein the alkyl comprises at least
two carbon atoms), heteroarylalkyl (wherein the alkyl com-
prises at least two carbon atoms), cycloalkyl, or
cyeloalkylalkyl, all optionally substituted as described
above.

The present invention further concerns novel compounds
of formula II wherein R' is arylalkyl or heteroarylalkyl,
wherein the alkyl portion of each comprises at least two
carbon atoms and wherein each is optionally substituted as
described above.

Further still in accordance with the present invention are
novel compounds of the formula
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows bovine eD.\lA clones. The live bovine

cDNAinserts are illustrated. The continuous line at the top
of the figure represents the total c[)N/\ sequence isolated.
Small, labeled bars above this line map peptide and probe
sequences. The open reading frame is indicated by the
second line, followed by ““‘ corresponding to 3' noncoding
sequences. Clone number and length are indicated to the left
of each line representing the corresponding region of the
composite sequence. Clones 64 and '.-'6 were isolated with
probe 2A, clones 22 and 23 with probe 37Aand clone 2 with
probe 19/\. Eco RI linkers added during the cDNA library
construction contribute the Eco RI restriction sites at the 5'
and 3' ends of each insert. The internal Eco RI site in inserts

22 and 76 is encoded by the cDNA sequence. The Nhe I
restriction site was utilized in preparing probes for isolation
of human cI)N[\ clones (below). The arrows under each
insert line indicate individual sequencing reactions.

FIG. 2 shows TG transfer activity in normal subjects.
Protein-stimulated transfer of “(T-'l'G from donor SUV to

acceptor SUV was measured in homogenized intestinal
biopsies obtained from five normal subjects. The results are
expressed as the percentage of donor TG transferred per
hour as a function of homogenized intestinal biopsy protein.

FIG. 3 shows TG transfer activity in abetalipoprotcinemic
subjects. Protein-stimulated transfer of "'C—TG from donor
SUV to acceptor SUV was measured in homogenized intes-
tinal biopsies obtained from four abetalipoproteinemic sub-
jects. The results are expressed as the percentage of donor
TG transferredfhour as a function of homogenized intestinal
biopsy protein.

FIG. 4 shows TG transfer activity in control stlbjects.
Protein stimulated transfer of “C-TG from donor SUV to

acceptor SUV in homogenized intestinal biopsies were
obtained from three control subjects, one with chylomicron
retention disease (open circles), one with homozygous hypo-
betalipoproteinemia (solid circles), and one non-fasted (x).
The results are expressed as the percentage of donor 'l'G
transferredfhour as a function of homogenized intestinal
biopsy protein.

FIG. 5 shows western blot analysis of MTP in normal
subjects. An aliquot of purified bovine MTP (lane 1) or the
post l03,00fl><g proteins following deoxycholate treatment
of 23 gig of homogenized intestinal biopsies from 3 normal
subjects (lanes 2-4) were fractionated by SDS—l-’AGl_i and
then transferred to nitrocellulose. The blots were probed
with anti—88 kDa.

FIG. 6 shows western blot analysis of MTP in control
subjects. An aliquot of purilied bovine MTP (lane 1) or the
post 'lf)3,000xg proteins following dcoxyeholate treatment
of 15 gig, 25 gig, and 25 gig homogenized intestinal biopsies
from a subject with chylomicron retention disease (lane 2),
a subject with homozygous hypobetalipoproteinemia (lane
3), and a non—fasted subject (lane 4), respectively, were
fractionated by SDS-PAGE and then transferred to nitrocel-
lulose. 'lhe blots were probed with anti-88 kDa.
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FIG. 7 shows western blot analysis of MTP in normal
subjects with affinity—purified antibodies. An aliquot ofpuri—
lied bovine MTP (lane '1) or the post 'lO3,000><g proteins
following deoxycholate treatment of 34 pg (lane 2) or 25 gig
(lane 3) of homogenized intestinal biopsies from 2 normal
subjects were fractionated by SDS-PAGE and then trans-
ferred to nitrocellulose. The blots were probed with aflinity
purified anti-88 kDa.

FIG. 8 shows western blot analysis of MTP in abetalipo-
proteincmic subjects. An aliquot of purified bovine MTP
(lane 1] or post 1{)3,0UUxg proteins following deoxycholale
treatment of 18 Jug (lane 2), 23 pg (lane 3], 33 pg (lane 4),
23;ig (lane 5) of homogenized intestinal biopsies from four
different abetalipoproteinemic subjects were fractionated by
SIJS-P.«'\(il_" and then transferred to nitrocellulose. In lanes 6

and 7, ‘I00 ,ug of the whole intestinal homogenate (subjects
corresponding to lane 4 and 5) was fractionated by SD8-
PAGE and transferred to nitrocellulose. The blots were

probed with anti-88 k[)a.
FIG. 9 shows a Southern blot analysis of a gene defect in

an abetalipoprotcinemic subject. Ten gig of genomic DNA
from a control, the abetalipoproteinemic subject {proband),
and front the subject’s mother and father were cut to
completion with 'laq I, electrophorescd on 1% agarosc and
transferred to nitrocellulose. Southem hybridization was
performed using exon '13 cDNA as a probe. Two hybridizing
bands in the normal lane indicated the presence of a Taq I
site in the normal exon 13. One hybridizing band in the
abctalipoproteinemic subject lane demonstrated the absence
of this restriction sequence in both alleles in exon 13,
conftmting a homozygous mutation in this subject. The
heterozygous state in the mother and father is shown by the
three hybridizing bands, corresponding to both the normal
and the mutant restriction patterns.

FIG. 10 shows inhibition in MTP-catalyzed transport of
TG from donor SUV to acceptor SUV by compound A
described hereinafter. Compound A was dissolved in DMSD
and then diluted into l5;'40 buffer. Aliquots were added to a
lipid transfer assay to bring the compound to the indicated
final concentrations. DMSL) concentration in the assay never
exceeded 2 ,rrI.f6flU ;rI., a concentration that was indepen-
dently determined to have minimal efleet on the assay.
MTP-catalyzed lipid transport was measured for 30 minutes
at 37° C. 'l'(_i transfer was calculated and compared to a
control assay without inhibitor. Three independent assay
conditions were used to demonstrate MTP inhibition by
compound A. Assay conditions were: 8 nmol donor PC, 48
nmol acceptor PC, and 75 rig MTP [open circles]; 24 nmol
donor PC, 144 nmol acceptor PC, and 100 ng MTP (solid
circles); 72 nmol donor PC, 432 nmol acceptor PC, and 125
ng MTP (open squares).

FIG. II shows the dose response of Compound A on
ApoB, ApoAI and HSAse-eretion from HepG2 cells. HepG2
cells were treated with compound A at the irtdieated doses
for "l 6 hours. The concentration in the cell culture media of

apol-I, apoAI and HSA after the incubation period was
measured with the appropriate Lil.ISA assay and normalized
to total cell protein. The data shown are expressed as a
percentage of the control (DMSO only).

FIG. "[2 shows the elfect of compound /\on '|‘G secretion
from HepG2 cells. HepG2 cells were treated with Com-
pound A at the indicated doses for 18 hours, the last two
hours of which were in the presence of 5 ,rrCi.imI.
3lI—glycerol. The concentration of radiolabelled triglycer-
ides in the cell culture media was measured by quantitative
extraction, followed by thin layer chromatography analysis
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and normalization to total cell protein. The data shown are
expressed as a percentage of the control (DMSO only).

FIG. 13 shows inhibition in MTP-catalyzed transport of
TC} from donor SUV to acceptor SUV by compound I}
described hereinafter. Compound B was dissolved in DMSO
and then diluted into 15;‘4-U buffer. Aliquots were added to a
lipid transfer assay to bring the compound to the indicated
final concentrations. DMSO concentration in the assay never
exceeded 2 ;rL;‘6UU gtL, a concentration that was indepen-
dently determined to have minimal effect on the assay.
M'l‘P—eatalyzed lipid transport was measured for 30 minutes
at 37° C. TG transfer was calculated and compared to a
control assay without inhibitor. Two independent assay
conditions were used to demonstrate MTP inhibition by
compound B. Assay conditions were: 24 nmol donor PC,
144 nmol acceptor PC, and 100 rig MTP (open circles); 72
nmol donor PC, 432 nmol acceptor PC, and [25 ng MTP
(solid circles).

l"I(}. 14 shows the dose response of compound B on
ApoB, ApoAI and I-ISA secretion from I-IepG2 cells. HepG2
cells were treated with compound B at the indicated doses '
for 16 hours. Tlie cortcentration in the cell culture media of

apoli, apoAl and HSA after the incubation period was
measured with the appropriate ELISA assay and normalized
to total cell protein. The data shown are expressed as a
percentage of the control (DMSO only).

DETAILED DESCRIPTION OF TIIE
INVENTION

Dlzil-‘INITION OF 'I'I:‘RMS

The following definitions apply to the terms as used
throughout this specification, unless otherwise limited in
specific instances.

The term "MTP” refers to a polypeptide or protein
complex that (1) if obtained from an organism (e.g., cows,
llumans, etc.), car] be isolated front tlle nlicrosornal fraction
of homogenized tissue; and (2) stimulates the transport of
triglycerides, cholesterol esters, or phospholipids from syn-
thetic phospholipid vesicles, membranes or lipoproteins to
synthetic vesicles, membranes, or lipoproteins and which is
distinct from the cholesterol ester transfer protein [Drayna et
al., Nnmrc 327, 632-634 (1987)] which may have similar
catalytic properties. Ilowever, the MTP molecules of the
present invention do not necessarily need to be catalytically
active. For example, catalytically inactive MTP or fragments
thereof may be useful in raising antibodies to the protein.

The term "modified", when referring to a nucleotide or
polypeptide sequence, means a nucleotide or polypeptide
sequence which differs from the wild—type sequence found
in nature.

The term “related”, when referring to a nucleotide
sequence, means a nucleic acid sequence which is able to
hybridize to an oligonucleotide probe based on the nucle-
otide sequence ofthe high molecular weight subunit ofMTP.

The phrase “control regions” refers to nucleotide
sequences that regulate expression of MTP or any subunit
thereof, including but not limited to any promoter, silencer,
enhancer elements, splice sites, transcriptional initiation
elements, transcriptional termination elements, polyadeny-
lation signals, translational control elements, translational
start site, translational termination site, and message stability
elements. Such control regions may be located in sequences
5' or 3' to the coding region or in introns interrupting the
coding region.

The phrase "stabilizing” atherosclerosis as used in the
present application refers to slowing down the development
of andlor inhibiting the formation of new atherosclcrotic
lesions.
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The phrase “causing the regression of” atherosclerosis as
used in the present application refers to reducing andfor
eliminating atherosclerotic lesions.

The terms “alkyl” and “alk" refer to straight and branched
chain hydrocarbon radicals of up to 20 carbon atoms, with
1 to 12 carbon atoms preferred and 1 to 8 carbon atoms most
preferred. Exemplary alkyl groups are methyl, ethyl, propyl,
isopropyl, butyl, t—butyl, isobutyl, pentyl, hexyl, isohcxyl,
hcptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl, dodccyl, the various branched chain
isomers thereof, and the like.

The term “alkylene"' refers to alkyl groups having single
bonds for attachment to other groups at two different carbon
atorus. Exerriplary alkylene groups are —CH—
CH3CH3CH—,—CH—Cl-l(CH3)—CH._:—CH—, and the
like.

The term “alkenyl” refers to both straight and branched
chain hydrocarbon groups of up to 20 carbon atoms, with 1
to 12 carbon atoms preferred and l to 8 carbon atoms most
preferred, having at least one double bond. The term "cis-
alkenyl” refers to alkenyl groups having a cis double bond
orientation.

The term "alkenylene” refers to alkenyl groups having
single bonds for attachment at two different carbon atoms.
Exemplary alkenylene groups are —CII,:—CII=CII—
(TI[:—, —{.‘lI:—(fll[(fll3)—(II[=(Tll—(7ll2—(TlI2—,
and the like. The term “cis-alkenylene" refers to alkenylene
groups having a cis double bond orientation.

The term “alkynyl" refers to both straight and branched
chain hydrocarbon groups of up to 20 carbon atoms, with l
to 12 carbon atoms preferred and '1 to 8 carbon atoms most
preferred, having at least one triple bond.

The term “cycloal1<y1" refers to saturated cyclic hydro-
carbon groups containing 3 to 20 carbons, preferably 3 to 12
carbons. Excnrplary cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, eyelodecyl, and eyelododecyl

The terms "aryl" or ‘‘air''' as employed herein refer to
monocyclic or bicyclic aromatic groups containing from 6 to
"[0 carbon atoms in the ring portion, such as phenyl or
napthyl, may be optionally substituted.

The term "heteroaryl" refers to (1) 5- or 6-membered
aromatic rings having 1 or 2 heteroatoms in the ring wherein
the heteruatoms are selected from nitrogen, oxygen, and
sulfur, {2} such rings fused to an aryl [e_g., benzothiophenyl,
indolyl). Exemplary heteroaryl groups include pyrrolyl,
furanyl, thiuphenyl, irnidazolyl, oxazolyl, tlriazolyl,
pyramlyl, pyridyl, pyrimidinyl, and the like, and may be
optionally substituted andfor fused to an aryl as in indolyl
and benzothioplieuyl.
Preferred Moities

lior methods of use and novel compounds in accordance
with the present invention, the following moities of formu-
lae l and II are preferred:

Rl is —R"— "' or

R" and R” are each independently alkylene or cis-
alkenylene of up to 6 carbon atoms;

R” is aryl or heteroaryl; and
R" and R: are each independently alkyl, alkenyl, aryl,

arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, or
eycloalkylalkyl.
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For the methods ofuse and novel compounds of formulae
I and II, R“ and R‘ are most preferred to be independently
aryl, arylalkyl, heteroaryl, or heteroarylalkyl.
Use and Utility

The nucleic acids of the present invention can be used in
a variety ol‘ ways in accordance with the present invention.
l-‘or example, they can be used as DNA probes to screen
other CDNA and genomic DNA libraries so as to select by
hybridizatioii other DNA sequences that code for proteins

10

buffer, antibacterial, bulking agent [such as mannitol), anti-
oxidants (ascorbic acid or sodium bisulfite) or the like. Oral
dosage forms are preferred, although parenteral forms are
quite satisfactory as well.

The dose adiiiinistered must be carefully adjusted accord-
ing to the age, weight, and condition ol‘ the patient, as well
as the route of administration, dosage form and regimen, and
the desired result. In general, the dosage forms described
above may be administered in single or divided doses of one

related to the high molecular weight subunit of M'l'l’._In 1U 10 four tirrlcg Ci,-,j1y_
addition, the nucleic acids of the present invention coding

l.‘II_)1' ("Ill DI part Il'lC lTl0lCClll£l1' Wtllglll Sl.llJlJl']ll OT l']Ul'l1‘c1l'l
or bovine M ll’ can be used as DNA probes to screen other EMBODIMENTS
cDNA and genomic DNAIrbraries to select by l]yh['lCl1Zall(')I'l , ,
DNA_, , h , _ H, _, __ _ NuclcicAcidssequenees t at eode for Mll molecules from other is _ _ _ _ I
organisms. The nucleic acids may also be used to generate The llr'-5-"*‘-“ll l'_“_'Crlllr’r‘ Cr’rl_C°rrl§ all l5r‘l3rr"‘3l llurlelf 3‘31rl
1,,-[mm-5 to ampfify ¢r)NA or gcmmfc DNA Ming p(,|y_ molecule oomprising a nucleic acid sequence corling tor all
mcrase chain reaction (PCR) techniques. The DNA or l-“lrl Ul lrle lllgll rrlr_3l3‘-'“lar Wlilglll 5‘-lburlll Ol MTP-
sequences of the present invention can also be used to Prererahllttlhfi ft‘-1Cl'«‘-1'3 acid 1'T1_0lt’«C11l'3 I-‘MUN/\ m0lt’«C1ll'3 and
identify adjacent sequences in the CDNA or genome; for an ll“? "“Cl*”f5 iiclrl Srfrluritlffi 15 3 DNA -‘}°rt11t‘v“‘5“~ lrurlller
example, those that encode the gene, its flanking sequences I"'r5rr5""r5rl '9 3 ""‘3lr':l‘3 arflrl 5*‘-rlll°"r3‘3 llrlvlng rllc "llclcrlrlrlc
and its I-cgutmm-y ctcmcms‘ sequence as shown 11'1'5]_'.Q. ID. N05. 1, 2, 5, 7, 8, 1 together

The polypeptides ofthe present invention are useful in the Wllll 5: 2 lrlgcrllcr Wrlh 7: llw llrrtl log rla-W-‘5‘ Ur 3 lrlgclher
study of the characteristics of MTP, for example, its Wtth 8.-or the} first 108 Itasca at Ztogcthcrwtth 7 ‘<1t1(l3»{‘t'
structure, mechanism of action, and role in lipid metabolism 15 8 l_°E';°ll'l°r Wllrl 31 arlrl 33 or “Y Prlrl ll'“=‘vr°0rs 01 51 Huclttlc
or ]ip0p1-0131‘,-1 particle aSSernhly_ acid sequence complementary _to one of these DNA

Various other methods of using the nucleic acids, -‘9r3rl“¢"CC5- lnlllfi C3-ji30la1'11lClC0l1‘lC fiflrttlmtiti (sign 3 UN/\
polypeptides, expressiuri vectors and host cells are described 3°rl"”1'lr—'5l r—'0rl1rl!% l0r P3-rl Ur ll“: lllgll molecular Wslglll
in detail 1-,e]0w_ subunit ol‘ MTP, it is preferred that the nucleotide sequence

In carrying out the methods of the present invention, the so be at least about 15 sequential rtuclc-ottdcs In length, more
agents that decrease the activitv or amount of M'l'l’ can be Preferably ‘ll l"?-Sr abr”-ll 20 lo 30 Serll-lerllla-l rluclcorrrlfi lrl
administered to various mammalian species, such as l°rlL~‘,lll-
monkeys, dogs, cats, rats, humans, ect., in need of such The following text shows a bovine cDNA nucleotide
treatment. These agents can be administered systemically, sequence (SEQ. ID. NO. 1), a human cDNA.-sequence (SEQ.
such as orally or parenterally. 35 II). NU. 2), a comparison of the human and bovine c[JNr\

The agents that decrease the activity or amount of MTP sequences, the bovine amino acid scqucncc(SEQ_ ID. NO.
can be incorporated in a conventional systemic dosage form, 3), the human amino acid sequence (SEQ. ID. NO. 4), and
such asatablet, capsule, elixir or injectable l‘ormulation.The a comparison ol‘ the human and bovine amino acid
above dosage forms will also include the necessary physi— sequences. In the sequence comparisons, boxed regions
ologically acceptable carrier material, cxcipicnt, lubricant, represent perlect identity between the two sequences.

BOVINE CDNA SEQUENCE
(SEQ. ID. No. it

to 20 30 40 50
123450990 1234567'890 1234557890 1234567890 l23*156?890

AAACWTIACAT il'-\t"_'T'(‘_CAC'T'GA .t\(-‘.'l"'l"l"'l"t'(I"l‘(‘. C-‘.A"t"(‘.C-‘.GG-C-‘.CJ-\ AAc;c;;e=tAcc'r 5n

CCAAGAEAGT GTGGGCTAJCC GAATTTCATC CAATGTGG1-l"I' GTCGCTTTAC inn

Terceiiecac TCCTGATG-GT Giireiirimcc AACTGNIVCCA AATTACGATG 150

AAAG-ATGTAA ACCTTGAAAA Toroiuvrciui caohoiztoono AG-AAGAGCAT 200

TTICAABGGA nruamaercivr CTCRABTCRT RAGAAAG-GAA HACTTGGAAG 250

CABTGCABAG i=tccTGTGcTc CTTCATCTAA TTCATGGAAA GATCAAAGAG 300

TEt*c'IAcTc.a'I' ATCAAAATGA ACCAGCAGCC 1'-t':'AGAAAA'Ic TCAAGAGAGG 350

CCTGGCTAGC CTATTTCAGA TGCAGITAAG c':'c:'i'GGAAc'I' ACCAATGAGG «too

TAGACATCTC TGGAGATTGT AAAGTGACCT ACCAGGCTCA TCAAGACAAA 450

G'I'GACC.t'-IAAA 'I"I'AAGGC"I.'I"'I.' GGATTCATGC AAAATAGAGA ccccmccnm sou

TACGACCCCA cnrcneercr TG-G-G-TGTCAC Tcccnnnocc ACATCTGTCA 550
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—continued

BOVINE CDNA SEQUENCE
SE . ID. NO. 1

1 D 2 0 3 0 40 50
1234567890 1234567890 1234567890 1234567390 1234557390

CTACCTATAA G-ATAG-AAGAC AG-CTTTSTTG TAGCTGTGCI‘ CTCAGAAGEG E O 0

ATRCG-TG-CTT TAAG-G-CTCD3-1 TTTTCT3-ICE-IA TCRATDGCJ-IG GCAAAATAGT 6 5 0

ATCGAGG-Ci’-LG AA}-1C'I‘G-GAGC TGAAAACCAC GGAAGCAAGC GTGAGACTGA T O 0

AG-CCAGGAAA GCAGG-TTGCA GCCATCATTA AAGCAGTCGA TTCAAAGTEC T 5 0

ACGGCCATTC CCR'I"'DG'TGGG GCAGGTCTPC CAGAGCAAGT GCAAAGGA'I'G E 0 0

CCCTTCTCTC TCAGAGCACT G-G-CAGTCCAT CAGAAAACAC C'I‘G-CRGCCTG 8 5 0

ACAACCTCTC CAAGG-CTGAG G-CTGTCAGAA GCTTCCTGGC CTTCRTCBAG 9 0 0

CHCCTCAGGB CGGCBBBGBA AGABGASHTC CTCCHARTTC TBBBGGCBGB 9 5 U

AAACAAGGAA G-Ti’-LCTACCCC AG-CTAGTGG3-1 TGCTGTCACC TCTGCTCAGA 1 U 0 U

CACCAC-ACTC ATTAGACGCC RTTTTEBCT 'I"I’C'E‘GG.HT'I'I' CBBBAGCBCC 1 0 5 U

GASBGCGTTA TCCTCCBG-GA AAGGTTTCTC TATGCCTGTG CBTTTGCCTC 1 1.0 U

ACATCCTGAT GAAGBBCTCC TGAGAKCCT CHTTRGTABG 'I'I'CBAAG-G'I"I' 1 I 5 U

CTTTTC-GBAG CAATGACATC RGAGABTCTG TTBTGATCBT CBTCG-GG-GCC 1 2 0 U

CTTGTCAGGA AGTTGTGTCA GAACCAAGGC 'I‘G-CA1‘-XACTGA RAG-GAGTAAT 1 2 5 0

AGAAGCCAAA AAGTTAATCT TGGGAGGAICT TGAAAAAGCA GAG 1 3 0 0

AGGACATCGT GATGTACCTG CTGGCTCTGA AGAACG-CCCG GCTTCCAGRB 1 3 5 0

G-G-C‘..RTC.CC.G-C TC.CT'DC'IG-AA GTACACAGI-1G ACAGGAGAAG GGCCCATTAG 1 -It 0 0

CCLA£IC'I"J.‘GCC GCCACCACAC '1'CCAGAI.§A'J.‘A 'J.‘G.H'l'G'l'CCC'J.‘ 'l'l'Cfl'J.'AAC'l.'G I. 4 5 U

ATGRGGTPLAA GBBGACTRTG AACAGGRTAT ACCACCBGAA TCGTBBRBTB 1 5 0 U

CATGAAAAAA CTGTG-CGTAC TACTGCAGCT GCC3-\'I'CHT'I'I' T hB 1 5 5 U

TCCATCCTAC BTGGABGTRB RAABCATCCT GCTCTCTATP GGG-GBACTTC 1 6 0 U

CCAAAC-BEAT GAATBBGTAC RTGCTCTCCR TTGTCCRAGH CBTCCTACGT 1 6 5 U

T"I"l‘GJ'-LAACAC CTGCAAGCAA AATGGTCCGT CRAGTTCTGA 3-’\GGAAA'I'GGT 1 T 0 0

CGCTCATAAT TACG-ATCG-TT ‘TCTCCAAG3-LG TGGGTCCTCC TCTGCATRTR 1 T 5 0

CTETACG-T 1'-LG-AACG-GACT TCCCATTOGG CATCTACTTA CAGCCTTGAC 1 El 0 0

ATTCTTTACT CTGGTTCTGG CATTCTRAGG AGAAGTAATC TGAACATCTT 1 8 5 0

TCAGTRTATT GAGAAAACTC CTCTTCATGG TATCCAGGTG GTCATTGAAG 1 9 0 0

CCEGG-ACT GGAGGCATTA ATTGCASCC3-1 CTCCTGATGA GGGGGAAGEG 1 9 5 0

AACCTTG-ACT CCTATG-CTGG CTTG-TCACGT CTCCTCTTTG RTGTTCAGCT 2 0 O 0

CA3}-XCCTGTC BCTTTTTTCA RCGGGTHCBG TGBTTTGATG 'I‘CCB.M-XATG-C 2 0 5 U

TGTCAGCATC TAG-TG-ACCCT ATG-h.GTS'I‘GG TGAAAGGACI‘ 'I‘C'I'I‘C'I‘GCTA 2 1.0 0

ATAGATCATT CCCAG-G-AGCT ‘TCAGCTSCAA TCTGGACTTA AGGCCAATRT 2 1.5 0

GGRTGTTCI-LA G-GTGGTCTAG CTATTGRTRT TRCAGGTGCC HTG-GHG'I"I‘TA 2 2 O U

GTCTATG-GTA TCGTGAATCT AAAACCCGAG TGAAAAATCG GGTRAGTGTG 2 2 5 0

TTAATAACTG GTGGCATCAC GGTG-G%'DCC TCT'l‘T'I‘GTGA AAGCTGGCTT 2 J 0 0

GGRARTTGGT GCAGAABCAG AAGCAGGCTT GGJ‘-lG'I'T'I‘A'I‘C 'I‘CC.BCGGTG-C 2 3 5 U

AGTTTTCTCA GTACCCATTT TTAGTTTGTC TGCAGATGGA CAAGGAAGRT 2 -I1 0 0

1 5 of 97
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—continued

BOVINE CDNA SEQUENCE
SE . ID. NO. 1

1 0 2 0 3 0 40 50
1234537890 1234567890 1234557390 1234537390 1234567890

GTMCATACA GGCAGTTTGA GACAAAATAT GAAAGGCTGT CCACAGGCAG 2 4 5 0

AGGTTACJLTC TCTCG-G-AAGA Gmmemnc CCTAATAGGA GGIQTGTGAAT 2 5 0 0

TCCCGCTGCA CCAAGAGAAC TCTGACATGT GCAAGGTGGT GTTTGCTCCT 2 5 5 0

cnnccnenen G-Ci’-’\G-TI‘CCAG ‘TG-GTTG-G'I'I‘T TGAAACTGAT GGGGGCTGTI‘ 2 5 0 0

TCATTAGACT TCATCTCGCC AGAAC-G-GATE AG}-kCG'I'GACA '1\'3ccT1mG'1'n 2 6 5 0

'1'Tx'rc'1'c'1's AGAGCACAGT GTTTACATAT TTACCTGTAT TTAAGAGTTT 2 7 0 0

TGTAGAACGT GATGAAAAAC CTCACATAAT TAAGTTTGGG CCTGAATCAT 2 7 5 0

TTGATACTAC CTACAGGGTC ATTCTG-AGCC ACTCTATGTG ATIQCTTTAGT 2 3 0 0

AGCGTTCTGT TTTCCTGCAT c:-rc-rc-rcrum Tcncm-rmc 'mcTc;'rc;mm 2 3 5 0

CTAGTTCTG-C CCTAAGAAGA AACCATTGTT T mnananann 2 9 0 0

HUMAN cums. SEQUENCE
53 . ID . no . 2

1 0 2 0 3 0 40 50
1234537390 1234557390 1234557390 1234537390 1234557390

GTGRCTCCTH GCTGGGCACT GGATGCAGTT GAGGATTGCT GGTCAATATG 5 0

ATTCTTCTTG CTGTGCTTTT TCTCTGCTTC ATTTCCTCAT ATTCAGCTTC 100

TGTTAAAGGT cncncnncwe G'rc'rc'r:n'r'r nnnmmsnc OGGCTGTACA 15 0

AGCTCACGTA CTCCACTGAA GTTCTTCTTG ATCGGGGCAA AGGAAAACTG 200

CBAGACAGCG TGGGCTACCG CATTTCCTCC AACGTGGAIG TGGCCTTACT 250

ATGGBGGBAT CCTGATGGTG ATGATGACCA GTTGATCCAA ATAACGATGA 300

AGGATGTAAA TGTTGAAAAT GTGAATCASC AGAGAGGAGA Gnacnscnrc 350

TTCRARGGAR AAAGCCCATC TAAAATAATG GGAAAGGAAA BCTTGGEBGC 400

TCTGCABRGA CCTACGCTCC TTCATCIAAT CCHTGGHBHG GTCBBBGBGT 450

TCTRCTCRTA TCAAAATGAG GCAGTGGCCA TAGAAAATAT CAAGAQAGGT 500

CTECTRGCC TATTTCAGAC ACAGTTAAGC TCTGGAACCA CCAATGAGGT 5 5 0

AGRTRTCTCT GGAAATTGTA AAGTGASCTA CCAGGCTCAT CAAGACAAEG 5 0 0

TGATCMMT TAAGGCCTTG GATTCATGCA AAATAGCGAG GTCTGGATTI‘ 5 5 0

ACSACCCCM ATCAGGTCTT GGGTGTCAGT TCAAAAGCTA CA'I’C'I’G'I'CAC ? 0 0

CACCTRTAAG ATAGAAGAEA GCTTTGTTAT AGCTGTGCTT GCTGAAGAAA ?50

CACACAATTT TGGACTGAAT TTCCTACAAA ccawwnaccc CAAAATAGTA 800

TC GAAGCAGA AATTAGAGCT <;2u».<;AcAAcc czmecacccc CAAGATTGAT 9 5 0

GTCTGGBABG CAGGCTGCAG CCATAATCAA AGCAGTTGET 1CAAAGTACA 900

CGGCCRTTCC CATTGTGGGG caeuwcrucc Auauccacuu Taaasunmuw 950

CCTTCTCTCT CGGAG-CTCTG GCGGTCCACC AGGAAATACC TGCBGCCTGA 1 0 0 0

CMCCTTTCC AAGGCTGAGG CTGTCAGAAA CTTCCTGGCC 'I'I‘(1A'1'I‘(‘.AGC 1 0 5 0

1 6 of 97
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—continued

HUMAN EDNA SEQUENCE
SE . ID. NO. 2

1 0 2 0 3 0 40 50
1234567890 1234567890 1234567890 1234567390 1234567390

ACCTCAGGBC TGCGAAGAAA GAAGAGATCC T7cAAATAcE AAAGAEGGRA 1100

MTMGGMG TATTACCTCA GCTGGTSGAT GCTGTCACCT cTGc'I'cA(;Ac 1 15 0

CTCAGACTCA TTAGAAGCCA TTTTGGACTT TTTGGATTEC AAAAGTGACA 1200

GCAGCATTAT CCTCCAGGAG AGGTTTCTCT ATCCCTCTGC AETTGCTTCT 1250

CATCCCAATG AAGAACTCCT GAGAGCCCTC ATTAGTAAGT TCAAAGGTTC 1300

TATTGGTHGC AGTGACATCA Gnsmmw TATGATCATC AC'I’GGGACAC 1 3 5 0

TTSTCAGABA GTTGTGTCAG AATGAASGCT GCAAACTCAA AGCAGTAGTG 1400

GBRGCTMGA AGTTAATCCT GGGAGGACTT GAAAAAGCAG BGBBAAAAGA 1 4 5 0

GGACACCAGG ATGTATCTGC "1‘G-GCTTTGRA Gmmcccm CTTCCAGAAG 1 5 0 0

GC‘-RTCCCBAG TCTTCTGAAG TATGCASAAG CAGGAGAAGG GCCCATCAGC 1 5 5 0

CRSCTGGCTA CCACTGCTCT CCAGAGATAT GATCTCCCTT TCATAACTGA 1600

TGBSGTGBAG AAGACCTTAA ACAGAATATA CCACCAAAAC CGTAAAGTTC 1650

ATGAAAAGAC TGTGCGCACT GCTGCASCTG CTATCATTTT RABTBRCRAT 1700

CCETCCTRCR TGGACGTCAA GAACATCCTG CTGTCTATTG GGGBGCTTCC 1750

CCARGRBRTG AATAAATACA TGCTCGCCAT TGT7canGAc BTCCTACGTT 1900

TTSMATGCC TGCAAGCAAA A'rTc;'I'<:c(;'I'c: GAGTTCTGAA GGAAATGGTC 1 3 5 0

GCTCHCBBTT ATGACCGTTT CTCCAGGAGT GGAECTTCTT CTGCCTACEC 1900

TGGCTRCIKTJI GAACGTAGTC c:c:cc;'I"I'c(;c;c: A'rc'rAc'I"I'Ac BGCCTAGACA 1 9 5 0

TTCTCTACTC GGGTTCTGGC ATTCTAAGGA GAAGTAACCE GAACAECTTT 2000

CASTACATTG G-GAAG-GCTGG '1'cT'rcmGG'r AGCCAGGTGG '1'r2;T'1'GAAGc 2 05 0

CCRAGGBCTG GAAGCCTTAA TCGCAGCCAC CCCTGACGAG GGGGAGGAGA 2100

ACSTTGACTC CTATGCTGGT ATGTCASCCA TCCTCTTTGA mwrrcnscrc 2150

AGACCTGTCA CCTTTTTCAA CGGATACAGT GATTTGATGT ccnnnaTGcT 2200

CTCRCCRTCT GGCGAECCTA TCAGTGTGGT GABAGGACTT BTTCTGCTBA 2250

TBGATCRTTC TCAGGBBCTT cAGTTa:aaT CTGGACTAAA BGCCBATATA 2300

GP-GGTCCAGG GTGGICTAGC TATTGATATT TCAGGTTSCAA 'I‘GGBGT'I'I‘RG 2 3 5 0

CTTGTGGTRT CGTGAGTCTA AAACCCSAGT GAAAAATAGG GTGBCTGTGG 2 4 0 U

TMTMCCP-C TGACATCACA GTGGACTCCT C'I"I"E"I‘G'I‘I31-1?-1 BGCTGGCCTG 2 4 5 0

GNKACCP-GT1! CAGAAACAGA Aecasmrrc c;Ac;'1"I"m'I'-::'I' CCBCAGTGCA 2 5 0 0

GTTTTCTGRG TACCCATTCT TAGTTTSCAT ccAGATnGAc AAGGAWGAAG 2550

CTCCATTCBG GCAATTTGAG AAAAAGTACG AAAGGCTGTC cncnsccnen 2600

GGTTATGTCT CTCAGAAAAG AAAAGBABGC GTATTAGCRG GATGTGAATT 2550

CCCGCTCCAE cnnsnsnncw CAGAGATGTG CAAAGTGGTG TTTGCCCCTC 2700

AGCCGGATP-G TACTTCCAGC GGATGGT'I'I"I’ GAAACTGACC 'I‘G'1’GA'I‘ATT‘I‘ 2 7 5 0

TBCTTGHRTT TGTCTCCCCG AAAGGGACAC AATGTGGCAT GACTAAGTEC 2300

TTGCTCTCTG AGAGCACAGC GTTTACATAT TTACCTGTAT 'I'I‘Bi-'1G1-\'I'I"I'I‘ 2 3 5 0

1 7 of 97
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1234567890

TGTAAAAAGC

TATGCTACCC

GTTCTTAGTT

TBSTTATTCT

CAAAACCACA

GTATATGAAG

CACGTTCCCT

20

1234567890

TACAAAAAAC

AEAGCGTCAT

TACTTATACC

CTAAGAGGAA

CAAGGAGAAC

CTCTTGATAG

AATCAGGAAA

17

US 6,492,365 B1

—continued

HUMAN CDNA SEQUENCE

(SEQ. ID. NO. 2}

30

1234567890

TGCAGTTTGA

TTTGAATCAT

TCTCTCAAAT

ACTAGTGTTT

CCAATTTTGT

GACTTCCTTA

40

1234567390

TCAAATTTGG

CATGTGACGC

CTCATTTGGT

GTTAAAAACA

TTCAACAATT

AGCATGRCGG

50

1234567390

GTATATGCAG

ETTCAACAAC

ACAGTCAGAA

AAAATAAAAA

HTTGATCAAT

GBAAACCAAA

18 01'9"!

2900

2950

3000

3050

3150

3185
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BOVINE PROTEIN SEQUENCE
SE . ID. NO. 3

1 D 2 0 3 0 40 50
1234567890 1234567890 1234567890 1234567390 1234567390

KLTYSTEVFL DRG-KG-NLQDS VG-YRI SSNVD VALLWRSPEG DDNQLIQITM 50

KDVNLENVNQ QRG-EKS IFKG KKSSQIIRKE NLEAMQRPVL LHLIHGKIKE 1 OD

FYSYQNEPRA IENLKRGLAS LFQI-IQLSSGT TNEVDISGDC KVTYQAHQDK 1 50

VTKIIUSLDSC KIERDGFTTP HQVLG-VTSIKA TSVTTYKIED SFVVAVLSEE 200

IDA‘-LLRLNFLQ S IAGKIVSRQ KLELKTTEAS VRLRPGKQVA AI IKAVDSKY 2 SD

TAIPIVGQVF QSKCKGCPSL SEHWQSIRKH LQPDNLSKAE AVRSPLAGIK 3 00

HLRTAKKEE I LQILKAENKE VLPQLVDAVT SAQTPDSLDA ILDFLDFKST 3 50

E SVILQERFL YBCAFASHPD EELLRALISK FKGSFGSNDI RESVPIIIIGA 1-1 00

LVRKLCQNQG CKLKG-VIE}-‘AK KLILGGLEKA EKKEDIVMYL LALKNARLPE 4 50

GIPLLLKYTE TGEGPI SHLA RTTLQRYDVP FITDEVKKTM NRIYHQNRKI 5 00

HEKTVFTTAA AIILKNNPSY MEVKNILLSI GBLPKEMNKY MLSIVQDILR 550

FETPASKMVR QVLKEHVAHN YDRFSKSGSS SRYTGYVERT SHSBSTYSLD 5 00

TT.S’SG.‘EGTT.R RSNT.N'T‘F‘QYT ‘E‘K"|"‘PT.H3TQV VT‘F!AQGT.'F!AT. TAA'T"DD'F!G‘F!R 6 50

‘NLDSYAG-LSA LLFDVQLRPV TFFNGYSDLM SKMLSASSDP MSVVKGLLLL 7 OD

IDHSQELQLQ SGLK.Q.NI-l.D\"Q GGLAIDITGA MEFSLWYRES KTRVKNTVSV T 50

LITGG-ITVDS SFVKAGLE IG AETEAG-LEFI STVQFSQYPF LVCLQMDKED 300

VPYRQFETKY ERLS'IG-RG-YI SRKRKESLIG GCEFPLHQEN SDMCKVVFRP 3 50

QPE S S 5 S GWF 8 6 0

HUMAN PROTEIN SEQUENCE
(SEQ. ID. NO. :1]

1 D 2 0 3 0 40 50
1234567890 1234567890 1234567890 1234567390 1234567390

MILLAVLFLC PI SSYSASVK GHTTGLSLNN DRLYKLTYST EVLLDRCKCK 50

LQDSVG-YRIS SNVDVALLWR NPDGDDDQLI QITMKDVNVE NVNQQRGEIKS 1 OD

IFKGKSPSKI MGKENLEALQ RPTLLHLIHG KVKEFYSYQN ERVBIENIKR 1 50

G-LASLFQTQL SSG-TTNEVDI SGNCKVTYQ1-1 HQDIKVIKIKA LDSCKIARSG 2 DU

FTTPNQVLGV SSKATSVTTY KIEDSFVI3-IV LAEETHNFGL NFLQTIIKGKI 2 50

VSKQKLELKT TEAGPRLI-ISG KQAAAIIK3-IV DSKYTAIPIV GQVFQSHCKG 3 D0

CPSLSELQRS TRKYLQPDNL SKAEAVRNFL AFIQHLRTAK KEEILQILKM 350

ENKEVLPQLV DAVTSBQTSD SLEAILDFLD FKSDSSI ILQ ERFLYBCGFA 4 00

SHPNEELLRA LI SKFKGS IG SSDIRETVI-II I'I'G'E‘I.V'RKLC QNEGCIKLKRV 450

VEAKKLILG-G LEKAEKKEDT RMYLLALKNA LLPEGIPSLL KYAEAGEGPI 500

SHLATTALQR YDLPFITDEV ICKTLNRIYHQ NRKVHEKTVR TAAAAIILNN S 50

‘NPSYI-LDVKNI LLSIGELPQE I-[NKYMLAIVQ DILRLEMP3-LS KIVRRVLKEM 600

VAHNYDRFSR SG-SSSAYTGY IERSPRSAST YSLDILYSGS GILRRSNLNI 650
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29 30

—continued

HUMAN PROTEIN SEQUENCE
(SEQ. ID. NO. 4)

10 20 30 40 SD
123-5J:55?B9D l23456?890 123-|'156?890 123-|156?390 l234'156?89U

FQYIGKAGLH GSQVVIEAQG LEALIAATPD EGEENLDSYR GMSAILFDVQ T00

LRPVTFFNGY SDLMSKJMLS?-L SGDPISVVKG LILLIDHSQE LQLIQSGLKAN 750

IEVQG-GLBID ISGAMEFSLW YRESKTRVKN RVTVVITTDI TVDSSFVKAG 300

LEISTETEAG LEFISTVQFS QYPFLVCI-[QM DKDEAPFRQF EKKYERLSTG B50

RGYVSQKRKE SVLAGCEFPL HQENSEHCKV VFAPQPDSTS 'I‘GWF 994

BOVINE,-'lIIJMAN PROTEIN COMPARISON

'30.‘, X“ --------------------------------" KLTYST E“ 1’ LDRGKG 1' 1°‘IL MAN MILLAVLFLC FISSYSASVTK GHTTGLSLNN DRLY 1:1,-H5-T Ev 1, LDRGKG K -9

BOIV N“ LQDSVGYRIS SNVDVALLWR 5 PDGDD N QLI QITMKDVN L E NVFNQQRGEK5 66"MAN LQDSVGYRIS SNVDVALLW'R N PDGDD D QLI QITMKDVN v E NVFNQQR EK5 1””

SUV NE |
Lil’:

C 15!}NMAN IFKGK |KS KIFKG-K SP
5
S

I IR KENLEA M Q RP V LLHLIHG l( T KEFYSYQN E PA AIEN L KR
I MG KENLEA L Q RP I LLHLIHG K V KEFYSYQN E AV RIEN I KR

sov .\'l:L L66

iuhmxw GLASLFQ M QL SSGTTNEVDI sc 3 CKVTYQA HQDKV 1 KIKA LDscKI E R A G ,0”' ' GLHSLFQ I QI. SSGTTNEVDI SG N CKVTYQR HQDKV I KIKA LDSCKI R R S G _

FTTP H QVLGV : SKATSVTTY KIEDSFV V IN L 5 EE IRRLR L NFDQ s I A GKI' ' FTTP N QVLG-V S SKATSVTTY KIEDSFV I RV L A EE L NFLQ I I X G-KI _'

vs 1; QKLEI.K'T‘ TEA sv RL K13 G ‘KQ V A2-’\TT'KAV nsI<vTATDTv GQVFQS K cxc:‘ vs x QKLELKT Tan an RL MS G KQ A AAIIKAV DSKYTAIPIV GQVFQS 3 cxc *

H W Q 5 ' RK H LQPDNL QKAEAUR S K HI.RTRK KEEIIQILK A
CPSLSE L\AR_|RK Y|I-QPDNI. SKAERVR lN|FL 3FIlQ HI-RTAK KEEILQILK H

ENKEVIIPQIAV DAVTSAQT P D SL D HILDFLD FKS TE V IDQ EHFLYHC A FA

SHP C EELLRA LISKFKGS F G 5 N DIRK 5 VMI I I G R I-VRKI.C QN Q G-CKLK G V
'““‘A” |SHP u EELLRA LISKFKG5 I|G S|S|DIRE|1|VMI 1|1[§J1|LvRKLC QN|E|GcxLx|nlgJ 45”

I EBKKLILGG LEKAEKKED I V MY LELKNA R LPEGIP L LL KY T T GEC-PI‘ v EAKKLILGG LEKAEKKED T R My-LALKNA L LPEGIP 5 LL KY A A GEGPI °

§3:fi:E SHLA A T T LQR YD v PFITDEV KKT M NRIYHQ NRK I HEKTVR T T AAAIIL K N éifl‘ SHLA T T A LQR YD L PFITDEV KKT L NRIYHQ NRK v HEKTVR T A AAAIIL N N m

NPSYM E V_’CNI LLSIGELP K E MNKYML S IVQ DILRFE I PR5 K M VR Q VLKEM
IUMAN Npsm c v:{NI I_.LSIGELP|C|E MNKYML|A|IVQ DILRFE |l-IIPAS I(|I|VR|R VLKEM “U”

VBHNYDRF5 K SGSSSHYTGY V TSH SAST YSLDILYSGS GILRRSNLNI
IUMAN VAH DRFS R SGSSSAYTGY ISPR SAST YSLDILYSGS GILRRSNLNI U5”

 
I‘

5O|vL\-E FQYI E K TP LH G I QVVIEAQG LEALIABTPD EGEENLDSYR G L SE L LFDVQ 000"-MA-‘‘' FQYI G K AG LH G s QWIEAQC: LEALIAATPD EGEENLDSYA G M SA 1 LFDVQ 7""
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—continued

BOVlNF.,I'HUMi‘\h' PROTEIN COMPARISON

LRPVTFFNG-Y SDLI-ISICMLSA 5 5 DP M svvxc; L L LLIDHSQE LQLQSGLKAN‘ LRPVTFFNGY sDL1~isi<MLsi=i s G DP I SVVKG L I LLIDHSQE LOLOSGLKAN *

MD VQGGLAID I I Gni~inFsLw YRESKTRVKN RV 5 v L IT GG I TVDSSFVKAG 76:A‘ IE VQGGLAID I s GAMEFSLW YRESKTRVKN rev I V V IT TD I TVDSSFVKAG 3”

t5()VINl". H16

HUWW LE Ion ETEAG LEFISTVQFS QYPFLVC L QM DK izev P St’ RQF E I KYERLSTG W}- - Lg Tsm ETEAG LEFISTVQFS QYPFLVC K on DK pm p F RQF E K KYERLS-1v_-, -

gear I 5 P. KRKE s 1.1:; GCEFPL nouns c MCKV VFAPQP E s 5 5 sawA‘ ac! v s Q KRKE s VLA GCEFPL HQENS 1.: MCKV VFAPQP D s I 2: saw? -

The bovine cDNA is a 2900 base composite of the (‘DNA EU
sequences of clones 2 and 22 and has an open reading frame '1'1' TTT CTC TGC TTC ATT TCC TCA TAT Tca GCT TCT

between bases 1 and 258i), predicting a translation product 1’ 1- C F I 5 5 ‘-’ 5 A 5

cl‘ 860 amino acids, followed by a TGA stop codon, 298 GTT AAA GGT car: aca ac’: GGT CTC Tea TTA an AA’?,_ _ _vKGI-:'i"I'GLsLNN
bases ol 3 prime non—eoding sequence, and a poly Aregion. 35

In the human CDNA, the 3185 bases predict an 894 amino GEC cgh CEA Tic CEC Rik Tic Tic BET G? GS?
acid translation product from bases 48 to 2729, followed by

3, ]‘GA stop codon, 435 bases of 3 prime non.c-odii-lg The inventors have also extended their knowledge of the 5'3n - - ‘ _\ _\ 1 . 1 n . .

Snnunnce, and a poly A nnginn end of the toregoing human cL)Ni=-Ksequence. [he additional
sequence (bl.-.Q. ll). N0. 7) is as follows:

In the CDNA comparison, there is about an 88% identity

between overlapping sequences in the coding region (bovine nn_nnTC(___M__Tn__TL___n
bases 1-2583 and human bases 150-2732). It is not neces- 35

sary to introduce any gaps to attain this alignment within the Th, 1 d In n_ d f tn h MTP DNA
isse uence ex on s e. on o e uman c

coiling region. The homology is somewhat weaker in the 3' nnnnnnfn hr 15 bnnnn Thane ncnncncnn wan: gnnnnnnd [mm
“"’1'1C"’di1'1g rcglilfly includinglhfllnmlduclitln mi-‘9"3V"'3“il 3305 human liver CDNA clone 754 isolated during the initial
to obtain optimal alignment. 40 human CDNA cloning [see Exaniple 3), but were character-

The bovine protein sequence (SEQ. ID. NO. 3) is the 860 med filler C10”: 693‘

amino acid translation product ofthe combined sequence of Tnn invnnwns have ah-,0 nlncidnlcd n nnnnn nun-n,n

bovine CDNA clones 2 and 22. Sequences for the peptide genomic DNA Sequence (SEQ, ID‘ NO‘ 8) for [he high

fragmcms used to design Ollgonuclcolidc probes am as 45 molecular weight subunit of MTP as shown below. Vertical
follows: Peptide’ 19A is found belwcfln msidues 37 and 51’ lines indicate introniexon boundaries ljxon sequences are in
peptide 37/\ between residues 539 and 550, and peptide 2/\ _ . . . .

_ plain type, intron sequences in bold. Arrows indicate por-
between residues 565 and 572. 1 _ _ _

_ ‘ 50 tions of the 1t]Ii'0I]S for which the sequence is not reported
The human protein sequence (SEQ. ID. NO. 4) is the 894 . . . . , ,

_ _ 1 (arrow lengths do not indicate the 25121.: of the nitrous). [he
amino acid translation product of human CDNA clone 693. . . . . .

numbers in the right column indicate the hrst and last base

In the amino acid comparison’ the bovinc pmlcin Shows ol‘ each exori relative to the human c[)Ni"\ sequence shown

about 86% identity to the human translation product. When 55 nnnrn Thn invnmnrn have nlnn lnnnnnnn their knowledge nf
considering highly conserved substitutions at nonidentical the human genomic DNA Sequence flanking and including

residues’ the two proteins am about 94% homfilogfilm the cDNA sequences corresponding to bases l to 108 of the

The inventors extended their knowledge of the 5' end of an human MT]: gcnc (SEQ [D_ No_ 31, bclnw-)_ The known

lhe foregoing b0Vi“‘3 “DNA 5"3‘l“¢“‘-‘¢ Will‘ “'13 5‘’‘lU‘‘*“‘-‘‘'3 intronfexon boundary is indicated at base 108. Plain type

ShE3WU l')Cl(3W, 5' [U 3'. [Up “TIC Sh(}WS ll'IC T]I.lClC()l1dC 1'¢p1'g_n_.;¢-_-,1']]_n_.; [hr-_-, Qofrespgnding sgqugncg‘

S6qLlt11'1CC (3130. ll). N0. 5]. and ll'|€ bllllflm lint! ll1l'1 ii|T|il'|U extended genomic nucleic acid. as well as the extended

acid sequence (SEQ. ID. NO. 6).'l‘hc new sequence obtained 65 CDNA, and fragments thereof are useful in the present

(83 bases) is uiiderliued. iiivenlioii.
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(SEQ. ID. NO. 3]

HAG-G-'.'I'.'TC CTGAGC CC CACTGTGGTAGAGAGATGCRCTGATGGTGLGACRG

CATGTTCCCT1‘RCfl.hTGA.BBBCTGGATATGTGTCflTTA1'CT‘I‘TATGCAGl3
TCECRCRAIC TGGT CT CT CATTBABTBATGECGGCTGTBCBAGCTCACGT

109

ACTCCAC TGAIKGT TC TT CT TGBTCGGGGCBBBGGAAAACTGCAAGAC HGC EXON 2

GTGGGCTAC CGCATT TC CT CCBACGTGGATGTGGCCTTBCTHTGGAGGAA

TC CTGRTGGTGATGRTGACCRGT TGATCCAIKATAAC TGG-GCll'I‘TT'I'CT

RCCAGATAAATGCAAAGATTAGATATCRGRAGTTTTTGGRGARGTGTACC

ATTGGACAGCACTTGTATTGGGTTCCCGTETATRRTCCRTTAGTTTCTIA

296

'1‘CTATCACTAABACAAGCAGGTCTTTGTTITHAGGTTTGGTGRTGAHAG *1‘-

TTATTTTIULGCCIRBAGICBCAGAGTICTITBAGTATTGCTBTTTIEECC

TTATTRAAAAAOCTAGTTTETAABTACCTTCTCCATTCTTTTAAAGTGAG

'I‘G-GCAAG-GTCCTATAAATCETGAATTGARBAATGRCAGRRGRARTHTBITBG

CCAACTCTTTCTGTTTCTTTATCATTTTETTTTCAGRGETACTCTGRTBR

AG-ACAG-ATATAGG-AAGTTTTTTTTRACAGCTTTCTTTCTG'I'1‘RCTCCRGF
TGAAGGATGTAABTGTTGAAAATG‘1‘GA.\TCEGCB.GAGAGGAGBG.I\I\GJ\.GC

ATCTTCAAAG-GRBARAGCCCRTC TAAAATAATGGGAAAGGAAAACTTGGA

AGCTCTGCAAAGACCTACGCTCC TT CATC TEATCCATGG RBRGG
GGCGTTTRGATTCCACBACTTTTTC TC CIULC TTCATATTTTTCTTCCCTT

CAGTAG-ATATTATTTTGBGGTAATCACATTGTAACTACTTTTATGGTLRR

TGGAATTTCTTCBAGBACTBAAGAACAGBGGTTGTABATTBBAEVTIWCC

AAACTGAATCAATGCCCTGBGTTCC CTTRCETTTACTAGCCRATTTGTTT

CCTRTTTTTCI‘GGRBBTCTTTATAGTGGBATGBBGTATTTATTTBTTGAT

GAARGG-CATTATTABABGGTAARTTTCTCATCARATTATRBGGGRTTRCR

297
EXON 3

440

ABCNI‘RATGTBACRBAGCBAGTCATCABAGCATGBTTGGRTGBREEC —n-

TCTGATAAATGATGCATTTTTGC TTCBTTTGTGTTCTGTICCCCTCTCCC

CACCAt+STCREAG-AGTTCTECTCATATCAAAATGAGGKTGGCCRTRGR
ARATATCAAGAGAGGTCTGGCTAGC CTATTT TTAAGCTCTG

ISAAC C AC CAR'I‘GA+ThCTTACCAATATTAATAAGGATTCAGCATCTCAA
TRABATTTGTRAGGB'I"I"I’C'I'.BCTTRTACBBTTTCAGTAGAAGBGETACTB

crmocrmrcc-rcncmmscrcacrmmmc C-

TCCCCTATGGCKHRTTAGAGBCC TCABTTTTCAEGCCLCTTCTCRCTRGR

ATTCAAATGGCOCRCARGGLBTC CCABGCATTATGCCCTTGCCTTTCTTT

TTA%lTAGATA']R'.1'I'C'Z‘GGBA.BT'I GTAHAGTGAC CTAC CAETCATCAAG
ACAAAGTGATCRAAATTAAGG-CC TT GGATTCATGCAAAATAGCGAGGTCT

GGNI‘T"I‘CAGACCCCBABTChC%TATGAThGnTGTCACTTI‘C‘I‘TTGBIGGCA
TTAAAATAATTACATTTTGTAGAGACTRRTITR C-

441

EXON 4

5:18

549

EXON 5

665

26 of 97

34

PENN EX. 2155

CFAD V. UPENN

lPR20l5-01836



US 6,492,365 B1

35
—contir1ucd

CG-J\'I‘GA'1"I‘LCTTGTTJITAAAGATGGCTATTTATTTATTTA TC'I'I‘GGGT 666

GTCAGTT CEAAAGCTACAT CTGTCACCBCCTBTBAGBTBGBAGACBGCTT
EXON 6

TGTTATAG-CTG'I‘G-CTC‘G-CTGAAGAAACEICECAATTTTGGRCTGJLATTTCC

'T‘}'-LC'IAAA(‘.C‘A"T‘T‘RAGGGGJ\.h.PLhTAG'PATCGA.P%TA.lG.llTAATGCT}U\.lLRTT EU 5'I"I"I‘A'I"I"I‘TCTTIECTATTCTTTGTTATATTATTATACTTGATTIBT —n—

RTGATTBTBATATAGCBTTTCCCTTTGGTBTTBTGCBGISCBGAAATTBGB 8 0 6
GCTGAAGACAACCGAAGCAGC-CCCAAGATTGATGTCTGGAAAGCRGGCTG

EXON 7
CBGCCBTBATCABAGCAGTTGATTCRABGTBCBCGGCCBTTCCCETTCTG

GGGCAGGTCTTCCBGBGCCBCTGTAAAGGBTGTCCTTCTFTJLRGTGCBGJI 956
CAAATATGGGAATABTCATGACRTCAG-AC'I‘C'.DG'I'I"I'I‘CR'I'I‘TTGTCTCC.B

GTGAJLAGCATCAACTCATTCR 

G-GAGRACAC CC '1'1"I‘GTAAATGTGGATGTTCACAGTTATGEGFIGGGGTATG

mac c-recnc:1-c:mTc1-1-TI:-:;cA+Tc'rcc.'_;:L.:c-I*c'1*c.:cGcTc cncc AGG 9 5 7
zmamccTscnscCTGncmxccTTTCCAAGGCTGAGGCTGTCAGAAACTT

EXON B
CCTGGCCTTCETTCJKGCACCTCJIGGJLCTGCGHAGAAAGBAGBGBTCCTTC

AAATACTAAAGATGGnAAATAAGGnAGTA'1'1#'I‘hAGT1'CCCC.HnCCT'r‘1'G 1 1 1-1
TGTGGGGTTGTCTGTCAGAAACATTTCTGGAGTG T-v

GATATCCATGAITATGCCTTTTTTTRT#CTCAG-CTCGTGGATG-CTGT 1 1 15
CAC C"I' CC‘ CC TCAGAC CT CAGAICTCATTJLGAAGCCATTTTCCEC 'I“I'T'I"'PC G

EXON 9
ET'1' 'l'Cfl.B.B.BG'l' GflCflGCB.G%'l‘TB'I‘CC'J.‘EICB(.5-GHGBGGT'l"J.'C'l '1'.H'l'G-CC

'TG"I‘ GGAT TT GC TT CT CATC CCRATG-hhGAhCTCCTGAGkGCCCTCAT'l#T 2 8 3
RAG-'1‘CAAATAGBAAATAAAGACCCTCARCICCTRTRRARCTTCTTAAGRA

TATTAACAGTBATTAAAAGTTTCTTBGBTOCGBRTTCTICGCCCTATAGT

GAGTCA 

CTHTTTTATCC CTGGGTGGI‘TB.fl'I‘A4AGTBAG'I"I’CAAAGGT'I’C TBTTGGT 12 S 41
AGCAGTGACATCAG-AG-AAACTGTTATGRTCRTCBCTGGGECACTTGTCRG EXON ID

AAAGT TGTGTCAGJLRTGAAGGCTGCAAACTC TABBTGCAAATCCAA 1 3 9 1

TCTCATGTATTRCRTCRTTCTACAIC CATTGTCCATTTGRTACTCACCATG

CTGCC TACTATTGGCJLC TC ETBBTTCTCTITRCTCTBTICTACITRCCTT

RTTTGNATAGCABT I-~

RACACAATAIUCC CATTATTGBTBATACTCBTIGCIECITBBGAATGTRT

RTGTATTTTTTTTAAAAAARGCATAACACCTTTATCAABCTTTACTTGTT

TGC TTTTATTC CACTGTGTGCCTCAGTCABGCRBCCRBEUCARARCTTIG

TERRACTGTAGGTTGCTTTCTTGGACCCABGAATAAAGCCRGTCTCKCCC

JL|\G'1‘C'.I'J'.T.‘C'2TCJul'1‘GTJTGGTCRTGCLTATREETRAGGTATATGATTTIT

CAf%CAGTAGT GGAAG-C TAAGAAGTTAATCCTGGGRGGRCTTGAAAAAGC 1 3 9 2
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AGAGAAAAAAGAGGACACCAGGATGTATCTGC'I'GGC'I'TTGA.IlGAATGC'.CC

TGCTTC CAGRAGGCAT CC CRAGTC TTCTGARGTATGCAGADGCRGGAGRR

G-GGCC CJKTCAGCCNC CT G-GSTBCCACTGCTCTCCBGAGBTRTGATCTCCC

TTT CATAAC TGAT GAC+TAll.BATCTCCAAGAATAT'I'I‘G-CAACATTTRCAG
HAG CATGCTGAACATGAGTC3ALTGC3BLHCCGCTC3

nnrcncrcrcmrrrrccccnaarncrcncrcrccrccrrmnnnrmc

TCTTAAATTGCATTTGGGGCTATTCTAATn-

Ju-c'.'r'r'rAn1'I"rcTcncccrnrgccrnnmcmccnmnnccnncmnmcmccrc

TGAAGTTCACTACAGTCBTGGBAGAAAGBGATGGAGABAGCCACCAGCEC

rrnncecccmcnaccmncnnsmsnmccmcnrnanrrcrnmocnracccmn

ITRGCCAGLACTAGETAC GTGGCC CC CACCARRTCACAAAGGRRTCTKBGG

LIMITGTAGTRRCACATGTATBTTTTTATGAACACTCACTBTICCTGCTBT

EDCCTG-CTGBAATGTCCATTTTAAAAATCTAGATGTGCACPRRGTTIEAAC

.RTCTT.FL'I'GflBC.fl+9'l'GB.BGflBGJ\.C CT 'JIAA.BCJ\GuBfl'i'B'i'BCCBCC.H.B.H.BCC
GTEAAGTTCATGARAEGECT C-T G-C GCACTGCTGCRGCTGCTRTCRTTTTR

HBTEBCEATCCBTC CTACAT C-GAC GTCJKAGBflCJKTCCTGCTG'I’CTB'I'I'G-G

GGRGCTTCCCCRAGEAAT GRATAAATACATGCTCGCCATTGTTCRRGACR

TCCTACGTTTTGARAT GC CT C-CALL‘-FTATAATRCATTGCACATGTCTCTC
'I‘G-TGTATTCAAGCTTLTTTGTGTGTTCATGGGGTRCCGRTGTRGCTAATA

ATRATGLTGTGGTCATTETGCAA

HGCTGGACACCCTTGCCTTGCTGTCATTTTGfiTAGCfiAfiCTfiBATTTCAA

ATATCTGAGTJLRTGJUIGGGGCTJLGCC CT}l.I\TCCTGl\TGC'I‘l|£!Cl\CGOCN3

CTGGCRCCHCCC TGGC TC ITGGBBAGG-CBIGallGGBBBA'I'I"IGGC1'I‘GCTC

'I'I"I"I'TTCCBCTGAGGBTTTTTITITICCBBBTTTGACTTGGGHBRCRGTC

ATTHCAATGAATGTGCAGCTTTTTTTTTCCTCATRTGTIGCRBCRRAATD

G-TC CGTC GAGT TC TGAAG-GAARTG-GTCGCTCEICRRTTRTGRCC GTTTCTC.

CRGG-AG-TGGRTCTTCTTCTGCCTACACTGGCTACATILGILIL ATGTACA

CCABABAGAGGTIC TC C'I"I‘C C3T3CCCCBCBACTTAGCB RBCT

GC'I'.R'I"I'BARTTBCRGTThTTGTGTGTCATCBCFTBGTCCCCGTTCGGCAT
AGTAACCTGAACAT CT TT CAC-TACAT TGGGAAGGCTGGEVCTTCILCGGTAG

CCRCFTARCTCRCTTC ICATGGATTTTGCTTRBTRBBGTRTGCBBGABAT
CRGGCTGRG-GTBBRBTABAACATATATGCTGTGGGTBATGCTRTRGAATG

TRTRAGTTBATGGTGGCTEC 'I‘GTCA'1'A'1'TTTGCCC.RTGAT'I'I‘CCTTATC‘I‘

GTRRGJIGG-C 'I'GTJlTGGTTTRTfl.GTCJlCTCJ|GJ|GJlJ|.BGTI‘TCGllllT1TGAll

 

EXON 11

1504

1605

EXON 12

1816

181?

EXON 1 3

191-1

1915
EXON 1-'1

2036

CTTGBILBCCTflBGTfl.BTTTGuBTCCATTGaBflCTI‘GBCBABTGTCC.hTI' *5‘

TG-G-CC CC TTGAGAAGTTCTAGCTGCAGCTCAGRAGCTTCRCCRTTATTIA
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CAGAGCAGGCAGGGAG-C'I‘TG-CG-TCATG-AACATTATATTGATTTTATCCRG

GT GGTTATTGAAGC C C BAGG-ACTGGAAGCC TTJU-'L'I'C GCAGCCRC CC CTGE

CGAGGGGGJKGGAGAACC TT Gul!ICTCCTATGCTGGTA'I'G'I'CAGCCATCC'I'CT

TTGAT GT TCAG CT CAGACC TGTCA.CCTTTTI‘CAACGGATEeCAG'I'GAT"['I'G

RTG TC CAARAT GC TGTCAGCATCTGGCGACCCTATCAGTGTGGTGALAGG

ECTTATTCTGCTBRTRGRTCBTT C'I'CH(*TlHlTTCBN!CBGTCTGTGAGT
RTTTATTGAGTCC CTAAAC TACGCCRGGCECGTR Cau-

ATCAACACRAC TCAAATGGARTTATCTACIGCAGGAGGTCAAATGTNOCA

'I'I‘GG.l\.FLBGGGGGTTB.B.C '.EB.BJlTTGT.H.CTT.flT'IB1'I‘1'ITBTB.BCT.hTI'.RTT

A'I‘GC'I"I‘T'I"["I‘C'.'|3'I‘C'I‘A+.AACT"I CAGT TRCAATCTGGAC TAAILAGCCAAT
ATAGAGGTC‘.C‘.AGGGTGGTC‘.TBGC TATTGETETTTCAGGTGCAATGGRGTT

TAGCTTGTGGTBTCGTGBGTCTAAAAC CC GBGTGAAAAATA lLBG'l?GT

TTATGCATTRTBICRTTTATGRATTACATATAAGACTATAT CF‘-

CITGGGTRTITCTGBCCIECTGBGRGGAC CTGGGTTCCBBGBBIUITTIT

CATTTTGG-'I‘CT'I'I‘GTTATGCCCATACGARBCARTGTAGTRTCETACAGRC

ACTCCCCRCRTCTGCfiACTGBflGGCAGGGGflGBGCTCAG 

ACCTTCCCTGCOCRATATCTGAIGAC TCAC CEGGCCCTGGTTACCAGCRGR

ACTCTRAG-CRCBTCCAIGGTCECCTCTGAATCCCTTALGTGTTTCCTTCCA

GTCRCTGGCATCATACGTTCAGACC CTGTAILIIGTTACRGCTGTTAGTCCA

ATACCATTAAATRTAATRTGABCABGTTTTTTCTTTTTTTCECRRRTGTT

'I'AC+SG"I‘GACTG"PGGTHATRACECBCTGACBTCACAGTGGACTCCTCTTTTG
TGJUUXG-C."I‘GG-C.CTGGARACCAGTACAGAIKACAGAAGCAGGTTTGCAGTTT

ATCTCCACAGTGCBGTTTTCTCBGTEC CCBTTC TTAGTTTGCJKTGCAGAT

GGBCJLP.GGATGBAG-C'1'CCBTTC.B%T.BAGJl'2GCfi.GCGTflCflGGTCBTGTT
CCAGGJLCCATCOCCAGTGCECCAGGAACTTGCRTTCRGTTTRGRACRTIT

AGTTTC1GAAIThAAACAAARCAGTflGflR£CCCRG EGRATDTP

CTTTAAATGRGTRGBAGAATAATTGATAAGGCCAAAAAABGTCAGTTTCT

GGGATAC 1CTARTGRCTfiIG'I.'I.'C.B'1‘G'I‘GA'1'TCTGGRGATRG

TTATCRTRTTCTBBTCCRGBBACAJITTT v

TGCTTTGGAACAGAAACTTCAAGTACATTGILGTARCTTGGCTGGAGAGGT

ATJLGGGTGFLCTTBRC'I‘G'I'G'I'G'I‘GT.MlT'1'C TGTTBBTGTTBCTGTTGTIGT

AGBGISCZAATTTGAGAAAAAGTAC GAAAGGCTGTCCACAGCAGGTTAT
GTCTCTCAGAAAAGRAAAGEAEGCGTATTAGCAGGATGTGRATTCCCGCT

C CRTCRAGRGRAC TCJLGJLGATGTG-CJUULGTGGTGTTTGCCCCTCJLG-C CGG

BTHGTAC TT CCBGCGGATGGTTTTGBABCTGBCCTGTGBTBTTTTACTPG

AATTT GT CT CC CC GAAAGGGECACAATGTGGCRTGRCTAAGTRCTTGCTC

TCTGAGAG-CACAGCGTT TACATATTTACCTGTATTTAAGRTTTTTGTAAA

203?

2264

22 65

EXON

2399

2390

EXON 17

2560

2561

EXON
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AAGCTACAAAAAACTGcAGITTGATCAAATTTGGGTATATGCAGTATGCT

ACCCACAGCGTCATTTTGAATCATCATGTGACGCTTTCAACAACGTTCTT

AGTTTACTTATACCTCTCTCAAATCTCATTTGGTACAGTCAGAATAGTTA

TTCTCTAAGAGGAAACTAGTGTTTGTTAAAAACAAAAATAAAAACAAARC

CACACARGGAGAACCCARTTTTGTTTCAACAATTTTTCATCAATGTATAT

GAAGCTCTTGATAGGACTTCCTTBAGCATGRCGGGABBBCCBBRCACGTT

CCCTARTCAGGAAAAAAAAAAAAAARRAAGGTAGGACACAACCAACCCAT

TTTTTTTCTCTTTTTTTGGACTTGGGGGCCCAGGGAGAAGGGACAAGACT

TTTAAAAGACTTGTTAGCCARCTTCAAGABTTARTATTTBTGTCTCTGTT

ATTGTTAGTTTTRAGCCTTAAGGTAGREGGCACATAGAAATDACATCTCA

TCTTTCTGCTSACCATTTTAGTGAGGTTGTTCCAAAGACATTCAGGTCTC

TACCTCCAGCCCTGCAAAAATATTGGACCTAGCACAGAGGAATCAGGAAA

ATTAATTTCAGAAACTCCATTTGATTTTTCTTTTGCTGTGTCTTTTTGRG

ACTGTAATATGGTACACTGTCCTCTBAGGGBCBTCCTCBTTTTATCTCAC

CTTTTTGGGGGTGAGAGCTCTAGTTCATTTAACTGTACTCTGCACAATAG

CTAGGATGACTBBGAGABCRTTGCTTCBBGEHBCTGGTGGBTTTGGATTT

CCAAAATATGREATAAGGAAAAAAATGTTTTTATTTGTATGAATTARAAG

ATCCATGTTGAACATTTGCAAATATTTATTABTAAACAGATGTGGTGATA

AACCCAAAACAAATGACAGGTCCTTATTTTCCACTAAACACAGACACATG

AAATGAAAGTTTAGCTRGCCCACTATTTGTTGTAAATTGAAAACGAAGTG

TGATAAAATBARTATGTAGEABTCATATTGAATTC

CCCCTCTTAATCTCTTCCTAGAAATGAGATTCDGAAAGGACAGGACTGCB

TCCRGCCTGTTTGGGARCTCAGACAAATGTGTGTTGTCACBGACACAAAT

AGAGGTCTACTATGAAATAATTOGCTTGCTAGTGTGCTAETGACAGACAL

TGCTGATTTGCTCCAACCTCATACAGTTTCACACATAEGGACARTCATCT

ATGTTTCATGAAAGTTCTATCTACTTTBACATTBTTTTGBAGTGBTTGGT

GGTGGTATGRATTAACAGTTTAAATTTAAATCCTAEABTTCAGTGTGAAT

TTTTTATARTAGCATARARATTCAAAGATGTCCATACARGAABAATTARA

ATTTGGTTAGGTTTAGCAGAGTTTGAGAATCCTTACTACCCTCCCACATA

GTATTCTARTGTGARTATAGGCRGTTACTATTACAGGCATBATGBTGATT

ATGTATTARGCAGARAGARGTATCACCBCCAGTTTTTTTCTTTEAATGCC

CCTCAGTBCTTCTCCATTTATAGGATGGTAGACTGGTTTGGTTTBGCTCT

CARARGTGAAAACATTTALAGTTTCCTCATTGGGTGAEBEAEAITARARA

GRGTGAGBGACTGARABCTGCBGCCCACCTACGTTTAATCATTAATBGTG

AGCCCTTCAGTGAACTTAGGTCCTGATTTTGGAGTTTGGAGTCTGACCTT

TCCCCARAGATARACATGATTGTTGCAGGTTCTGAAGAGGGTCACTCCCT

SEQ.

30 01'9"!

ID. NO. 31
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—continued

cacraocmaccm:-rennnanerccncrrcrcno-rGnc'rcc'rnGcmecca 1
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CTGGAT GCAGTT GAGGAT TGCTG-GTCAATATGBT'I'C'I'TCT'I'GCTGTGC'I'I' EXON ].

TTTC TC TGCT TCAT TT CC TCATATTCAGCTTCTGTT kEGT1TGT 1 D 8
G'I"J'.‘G-CC '1"I"1"1‘G-C TAABCTTTABTTTCCATCTTEGGAGTTGGRGGCRGATR

CG-TGCGTGTGTGTGTGTTTGTGTGAGTGAATAGTGARRGRGTTTCTGRCT

DAAC TATC TTCAAAAC CATGTAACTTTGGAATGTTPGTGRARGCATGGCT
GAGTTGAAATGAA1-U-!.C CAAATDCAAATCCCTACRAACATTALGAAAACBG

ATATTTCTT1‘TAG'I"I'TCflGTTCCTCflGaBCCBGTGTG'1'I’CTTGCTTC..B.B'1T

'I'C'I'CA'I"I'CA'I‘GG'I‘C TGTTTTTBARAGBAGGBRHBAAGBTACCCRCTATTG

TTAC CTGC TG'I'I'GTTGGTCACATTGafiATGCB£»CTCCT'I‘CB'ITTGJU\'ITGT

ILILBTGAGGATETTTTTTJIAflB.llCCGdLGTTCET.H.B.RTTI‘1'C1'I‘1'IfiG1'IGC
‘J3TAGCAATGTGACCTCAAGAAGAATTAGACCCAATGRARARGGCATTTGA

'J3'I_'I‘GC CAAAG-ALTTATGAATGAAATGGCACAACATATATITAATTCCGTT

ACAATTAAAAAATGATA

The inventors have further determined the sequence L11" :1
564 base pair region of intron "I0 of the foregoing genomic
DNA sequence. This region, shown below (SLEQ. ID. NO.
32) has at CA repeat sequence with the structure

(t"iI‘\)_,i-’\.I‘\(t"J’\];.(iA[(”.I’\)4'|}\(t"A)“'I]-’\(‘a\

wherein [C/\)“ varies from n=8 to n= 17 in genes sequenced
to date. Variation in this motif allows these sequences to be
used as allelic markers for the MTP gene.

ACTTTTC‘.AAATA'DG'ITCTACAATCAGRAAAGTCCTTTTGTCCTEGTCTGR

GAAAAAGGG-GGATTGAGTGTAAGTTRATAGTTTRATGGGRRRGCERETTR

GRAATAGGGNCATC‘TG-GGTTC'I'GGTCT'I'hThT'I'I'G-CC.BCT.BCATBTG'TTT

TAGAGGCTTCAGTI"ICRTGTTTAAAATAAAGATTCTTTGTRTGBCDGEGT

CTAGGCTG-AAAAATTTTTTAAAAATAARGGGTTTTARGRTCTARTTCRTC

C.R.C‘.AGGATTCATAACCTCTGAAATTAGGCTRCRAGCRCBCRQABRCRCRC

AGPLCPLCPLCPLCATACACACACACACRCACACACACACACACACATACATGG

GGTTGGGGA.GAATGGBTGLTATGGGGAItGtBG-TGGAGBBGTRTTARCJAAAA

GCTCCC.RATAGAQGGAARGATGCTRAACATCACACTTAATCAGBGEAGTG

BERTTTCTCABCTBTCABBTTGGTGAAAAATTCAAAAGTTTGCTBBCBTB

TTTTGTAGGTGAGBCTATGGGGABBTBGGCCTTTTCRTHABTTGCTGRTG

AAAGCCTAAAATG-G

The nucleic acids of the present invention can be isolated
from a variety of sources, although the presently preferred
sequences have been isolated from human and bovine cDNA
and human genomic libraries. The exact amino acid
sequence of the polypeptide molecule produced will vary
with the initial DNA sequence.

The nucleic acids of the present invention can be obtained
using various methods well-known to those of ordinary skill 65
in the art. At least three alternative principal metho$ may be
employed:

31uf97

30

6E]

(l)the isolation ol'a double-stranded DNA sequence from
genomic DNA or complementary DNA (eDNA) which
contains the sequence;

(2) the chemical synthesis of the DNA sequence; and
(3) the synthesis of the DNA sequence by polymerase

chain reaction (PPR).
In the first method, a genomic or CDNA library can be

screened in order to identify a DNA sequence coding for all
or part of the high molecular weight subunit of MTP. For
example, bovine or human cDNA libraries can be screened

50 SEQ. ID. ‘NO. 32
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in order to identify a DNA sequence coding for all or part of
MTP. Various CDNA libraries, for example. a bovine small
intestine lambda gt1U library (Clontech Laboratories, Inc.
Palo Alto, Calil.), a human liver lambda UNI—ZAl”-“ XR
library (Stratagene Cloning Systems, La Jolla, Calif.), or a
human intestine lambda gtll] library (Clontech), can be
used.

Various techniques can be used to screen genomic DNA
or CDNA libraries for target sequences that code for the high
molecular weight subunit of MTP. This technique may, for
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example, employ a labeled single—stranded DNA probe with
a sequence complementary to a sequence that codes for the
high molecular weight subunit of MTP. For example, DNA;'
DNA hybridization procedures may be used to identify the

46

Proc. Natl. Acad. Sci. USA 82, 482-92 (1985) may be
employed. In addition, kits for site—directed mutagenesis
may be purchased from commercial vendors. For example,
a kit for performing site—directed mutagenesis may be pur-

sequence in the cloned copies of genomic DNA or CDNA 5 chased from Amersham Corp. (Arlington Heights, III.). In
which have been denatured to a single-stranded form. Suit- addition, disruption, deletion and truncation methods as
able probes include e[]NA for the high molecular weight described in Sayers, .I. R. et al., Nrrctl. Acids Res. I6,
subunit of MTP acquired from the same or a related species, 791-800 (1988) may also be employed. Mutations may be
synthetic oligonucleotides, and the like. advantageous in producing or using the polypeptides of the

Agenomic DNAor CDNA library can also be screened for 1tJ present invention. For example, these mutations may modify
a genomic DNA or cDNA coding for all or part of the high the function of the protein (e.g., result in higher or lower
molecular weight subunit of MTI’ using immunoblotting activity), permit higher levels of protein production or easier
techniques. purification of the protein, or provide additional restriction

In one typical screening method suitable for the hybrid— endonttclease recognition sites in the nucleic acid. All such
ization techniques, a genomic DNA or cl)NA library is first is modified nucleic acids and polypeptide molecules are
spread out on agarose plates, and then the clones are included within the scope of the present invention.
transferred to filter membranes, for example, nitrocellulose Expression Vectors
membranes. The genomic library is usually contained in a The present invention further concerns expression vectors
vector such as EMBI. 3 or EMBI. 4 or derivatives thereof comprising a DNA sequence coding for all or part of the
[e.g., lambda DASH”). The CDNA library is usually oon— an high molecular weight subunit of MTP or a protein complex
tained in a vector such as }.gtl0, Kgtll, or lambda ZAP. A comprising both the high and low molecular weight subunits
DNA probe can then be hybridized to the clones to identify or portions thereof. The expression vectors preferably con-
those clones containing the genomic DNA or cDNA coding tain all or part of the DNA sequence having the nucleotide
for all or part ofthe high molecular weight subunit of MTP. sequence shown in SEQ. ID. NOS. '1, 2, 5, 7, 8, 1 together
Alternatively, appropriate E. coli strains containing vectors :5 with 5, 2 together with 7, the lirst "108 bases of 2 together
}.gtll or lambda ZAP can be induced to synthesize fusion with 8, the first 108 bases of 2 together with 7 and 8, or 8
proteins containing fragments of proteins corresponding to together with 31 and 32. Further preferred are expression
the cDNA insert in the vector. The fusion proteins may be vectors comprising one or more regulatory DNA sequences
transferred to filter membranes, for example, nitrocellulose. operatively linked to the DNA sequence coding for all or
An antibody may then be bound to the fusion protein to 30 part of the high molecular weight subunit of MTP. As used
identify all or part of the high tnolecular weight subunit of in this context, the term "operatively linked” means that the
MTP. regulatory DNA sequences are capable of directing the

In the second method, the nucleic acids of the present replication andfor the expression of the DNA sequence
invention coding for all or part of M'l‘I’ can be chemically coding for all or part of the high molecular weight subunit
synthesized. Shorter oligonucleotides, such as 15 to St] 35 of M'I'l’.
nucleotides, may be directly synthesized. For longer Expression vectors of utility in the present invention are
oligonucisotidcs, the DNA sequence coding for the high often in the form of “plasmids", which refer to circular
molecular weight subunit of MTP can be synthesized as a double stranded DNA loops that, in their vector form, are not
series of 50—'lflfl base oligonucleotides that can then be bound to the chromosome. I-Iowever, the invention is
sequentially ligated (via appropriate terminal restriction 4U intended to include such other forms of expression vectors
sites) so as to form the correct linear sequence of nucle- which serve equivalent functions and which become known
otides. in the art subsequently hereto. The expression vectors of the

In the third method, the nucleic acids of the present present invention may also be used to stably integrate the
invention coding for all or part of the high molecular weight DNA sequence encoding the high molecular weight subunit
subunit of MTP can be synthesized using PCR. Briefly, pairs 45 of MTP into the chromosome of an appropriate host cell
of synthetic DNA oligonucleotides generally at least 15 (e.g.,COS or lIepG2 cells).
bases in length (PCR primers) that hybridize to opposite Expression vectors useful in the present invention typi-
strands of the target DNA sequence are used to enzymati- cally contain an origin of replication, a promoter located 5'
cally amplify the intervening region of DNA on the target to (i.e., upstream on the DNA sequence, followed by the
sequence. Repeated cycles of heat denaturation of the 50 DNA sequence coding for all or part of the high molecular
template, annealing of the primers and extension of the weight subunit of MTP, transcription termination sequences,
3'—termini of the annealed primers with a DNA polymerase and the remaining vector. The expression vectors may also
results in amplillcation of the segment defined by the PCR include other DNA sequences Known in the art, for
primers. 8 White. '1'. J. et al., llrencis Genet. 5, 185-9 (1989). example, stability leader sequences which provide for sta-

Thc nucleic acids of the present invention coding for all 55 bility of the expression product, secretory leader sequences
or part of MTP can also be modified (i.e., mutated) to which provide for secretion of the expression product,
prepare various mutations. Such mutations may change the sequences which allow expression of the structural gene to
amino acid sequence encoded by the mutated codon, or they be modulated (e.g., by the presence or absence of nutrients
may be silent and not change the amino acid sequence. or otherinducers in the growth medium), marking sequences
These modified nucleic acids maybe prepared, for example, on which are capable of providing phenotypic selection in
by mutating the nucleic acid coding for the high molecular transfonrted host cells, sequences which provide sites for
weight subunit of MTP so that the mutation results in the cleavage by restriction cndonucleases, and sequences which
deletion, substitution, insertion, inversion or addition of one allow expression in various types of hosts, including but not
or more amino acids in the encoded polypeptide using limited to prokaryotes, yeasts, fungi, plants and higher
various methods known in the art. For example, the methods 65 eukaryotes. The characteristics of the actual expression
of site—directed mutagenesis described in 'l‘aylor,J. W. et al., vector used must be compatible with the host cell which is
Noel. Acials Res. 13, 8749-64 (1985) and Kunkel, J. A., to be employed. For example, when expressing DNA
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sequences in a mammalian cell system, the expression
vector should contain promoters isolated from the genome
of mammalian cells, (e.g., tnouse metallothionien promoter),
or from viruses that grow in these cells (e.g., vaccinia virus
7.5 K promoter). An expression vector as contemplated by
the present invention is at least capable of directing the
replication, and preferably the expression, of the nucleic
acids of the present invention. Suitable origins of replication
include, for example, the Col E1, the SV40 viral and the
M13 orgins of replication. Suitable promoters include, for
example, the cytomegalovirus promoter, the lac Z promoter,
the gal 10 promoter and the Autographa ealifornica multiple
nuclear polyhedrosis virus (AeMl\lPV) polyhedral promoter.
Suitable termination sequences include, for example, the
bovine growth hormone, SV40, lac Z and AeMNl’V poly-
hedral polyadenylation signals. Examples of selectable
markers include neomycin, ampicillin, and hygromyein
resistance and the like. All of these materials are known in

the art and are commercially available.
Suitable commercially available expression vectors into

which the DNA sequences of the present invention may be
inserted include the mammalian expression vectors peI)NAI
or pcl)NA;'Neo, the baculovitnus expression vector
pBluel3ac, the prokaryotic expression vector pcDNAII and
the yeast expression vector pYes2, all of which may be
obtained from Invitrogen Corp., San Diego, Calif.

Suitable expression vectors containing the desired coding
and control sequences may be constructed using standard
recombinant DNA techniques known in the art, many of
which are described in Sambrook, et al., Molecular Cloning:
A Laboratory Manual, Second Edition, Cold Spring Ilarbor
Laboratory, Cold Spring Haber, N.Y. (L939).
lIo.st (Tells

The present invention additionally concerns host cells
containing an expression vector which comprises a DNA
sequence coding for all or part ofthc high molecular weight
subunit of MTP. See, for example the host cells of F.xample
-1 hereinbelow, which are preferred. The host cells preferably
contain an expression vector which comprises all or part of
the DNA sequence having the nucleotide sequence substan-
tially as shown in SEQ. II). NOS. 1, 2, 5, 7, R, "I together
with 5, 2 together with 7, the first 108 bases of 2 together
with 8, the first I08 bases of 2 together with 7 and 8, or 8
together with 31 and 32. See, for example, the expression
vector appearing in l.-ixample 4 hereinbelow, which is pre-
ferred. Further preferred are host cells containing an expres-
sion vector comprising one or more regulatory DNA
sequences capable of directing the replication andfor the
expression of and operatively linked to a DNA sequence
coding for all or part of the high molecular weight subunit
of MTP. Suitable host cells include both prokaryotie and
eukaryotic cells. Suitable prokaryotic host cells include, for
example, E. cotli strains IIl3l[)l, l)II5a, XI.l Blue, YlU9[l
and .IMl[ll. Suitable cukaryotic host cells include, for
example, Spodoptera frugiperda insect cells, COS—7 cells,
human skin tibroblasts, and Saceharomyces eerevisiac cells.

Expression vectors may be introduced into host cells by
various methods known in the art. For example, transfeetion
of host cells with expression vectors can be carried out by
the calcium phosphate precipitation method. Howcvcr,other
methods for introducing expression vectors into host cells,
for example, electroporation, liposomal fusion, nuclear
injection, and viral or phage infection can also be employed.

Once an expression vector has been introduced into an
appropriate host cell, the host cell may be cultured under
conditions permitting expression of large amounts of the
desired polypeptide, in this case a polypeptide molecule
comprising all or part of the high molecular weight subunit
of MTP.
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Host cells containing an expression vector that contains a
DNA sequence coding for all or part of the high molecular
weight subunit of MTP may be identified by one or more of‘
the following six general approaches: (a) DNA—DNA
hybridization; (b) the presence or absence of marker gene
functions; (c) assessing the level of transcription as mea-
sured by the production of mRNA transcripts encoding the
high molecular weight subunit of MTP in the host cell; ((1)
detection of the gene product immunologically; enzyme
assay; and (1) PCR.

In the first approach, the presence of a DNA sequence
coding for all or pan of the high molecular weight subunit
of MTP can be detected by DNA—DNA or l{NA—DNA
hybridization ttsing probes complementary to the DNA
sequence.

In the second approach, the recombinant expression vec-
tor host system can be identified and selected based upon the
presence or absence of certain marker gene functions (e.g.,
thymidine kinase activity, resistance to antibiotics, etc.). A
marker gene can he placed in the same plasmid as the DNA
sequence coding for all or part of the high molecular weight
subunit of MTP under the regulation of the same or a
different promoter used to regulate the MTP coding
sequence. Expression of the marker gene indicates expres-
sion of the DNA sequence coding for all or part of the high
molecular weight subunit of MTP.

In the third approach, the production of mRNAtranscripts
encoding the high molecular weigltt subunit of MTP can be
assessed by hybridization assays. For example, polyadeny-
latcd RNA can be isolated and analyzed by Northern blotting
or a nuclease protection assay using a probe complementary
to the RNA sequence. Alternatively, the total RNA of the
host cell may be extracted and assayed for hybridization to
such probes.

In the fourth approach, the expression of all or part of the
high molecular weight sttbunit of MTP can be assessed
immunologically, for example, by immunoblotting with
antibody to MTP (Western blotting).

In the fifth approach, expression of the high molecular
weight subunit of MTP can be measured by assaying for
MTP enzyme activity using known methods. For example,
the assay described herein below may be employed.

In the sixth approach, oligonucleotide primers homolo-
gous to sequences present in the expression system (i.e.,
expression vector sequences or MTP sequences) are used in
a PCR to produce a DNA fragment of predicted length,
indicating incorporation of the expression system in the host
cell.

The DNA sequences of expression vectors, plasmids or
DNA molecules of the present invention may be detertniued
by various methods known in the art. l-‘or example, the
didcoxy chain termination method as described in Sanger et
al., Proc. Nrrtx’. Acrrd. Sci. USA 74, 5463-7 (1977), or the
Maxam—(i‘-ilbert method as described in Proc. Nari. Aead.

Sci. USA 74, 560-4 (1977) may be employed.
In order to express catalytically active MTP, it may be

necessary to produce a protein complex containing both the
high and low molecular weight subunits of MTP. The low
molecular weight subunit of MTP is the previously charac-
terized protein, protein disulfide isomerase (PDI). PDI
cI)N/ks have been cloned from human [Pihlajaniemi et al.,
EMBO J. 6, 643-9 (1987)], bovine [Yamaguehi et al.,
Biochem. Biopttys. Res. Comm. 146, 1485-92 (1987]], rat
[l_i.dman et al., Nrrtnm 317 267-70 (1 985)] and chicken [Kao
et al., C'0mtcct'i1'e i!i'.s'.suc Rcsenr(::'1 18, 157-74 (l988)].
Various approaches can be used in producing a protein
containing both the high and low molecular weight subunits
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of MTP. For example, eDNA sequences encoding the sub-
units may be inserted into the same expression vector or
different expression vectors and expressed in an appropriate
host cell to produce the protein.

50

immunocytochemistry. The antibodies may also be used in
affinity chromatography for isolating or purifying the
polypeptides ofthe present invention from various sources.

The polypeptides of the present invention have been
It should, of course, be llEt(lEI‘SlU0(l that not all expression 5 defined by means of determined DNA and deduced amino

vectors and DNA regulatory sequences will function equally acid sequencing. Due to the degeneracy of the genetic code,
well to express the DNA sequences ofthe present invention. other DNA sequences which encode the same amino acid
Neither will all host cells function equally well with the sequences depicted in SEQ. ID. NOS. 3, 4, 3 together with
same expression system. However, one of ordinary skill in 6, or any part thereof may be used for the production of the
the art may make a selection among expression vectors, 1U polypeptides of the present invention.
DNA regulatory sequences, and host cells using the guid- It should be further understood that allelic variations of
ance provided herein without undue experimentation and these DNA and amino acid sequences naturally exist, or may
without departing from the scope of the present invention. be intentionally introduced using methods known in the art.
Polypeptides These variations may be demonstrated by one or more

The present invention further concerns polypeptide rno]- I5 amino acid changes in the overall sequence, such as
ecules comprising all or part of the high molecular weight deletions, substitutions, insertions, inversions or addition of
subunit of MTP, said polypeptide molecules preferably one or more amino acids in said seqiienee. Such changes
having all or part of the amino acid sequence as shown in may be advantageous in producing or usingthe polypeptides
SEQ. ID. NOS. 3, 4, or 3 together with 6. In the case of ofthe present invention; for example in isolation of MTP or
polypeptide molecules comprising part of the high mo|eeu— an the polypeptides by affinity purification. Amino acid substi-
lar weight subunit of MTP, it is preferred that polypeptide tutions maybe made, for example, on the basis of similarity
molecules be at least about 5 to 8 sequential amino acids in in polarity, charge, solubility, hydrophobieity, hydrophilicity
length, more preferably at least about I5 to 20 sequential andtor the amphiphathic nature of the residues involved. For
amino acids in length. Also preferred are polypeptides at example, negatively charged amino acids include aspartic
least about 180 sequential amino acids in length, which may :5 acid and glutamic acid; positively charged amino acids
approximate the size of a structural domain within the include lysine and arginine; amino acids with uncharged
protein. polar head groups or nonpolar head groups having similar

All aiiiiiio acid sequences are represented licreiii by liydropliilicity values include the following: leucine,
formulas whose left to right orientation is in the conven- isoleucine, valine, glycine, alanine; asparagine, glutamine;
tional direction of amino—terminus to carboxy—tcrminus. so serine, thrconine; phenylalanine, tyrosine. Other contem-

Tlie polypeptides of the present invention may be plated variations include salts and esters of the aforeiiieii—
obtained by synthetic means, i.e., chemical synthesis of the tioned polypeptides, as well as precursors of the aforemen-
polypeptide from its component amino acids, by methods tioncd polypeptides, for example, precursors having
known to those of ordinary skill in the art. For example, the N—terminal substituents such as methionine,
solid phase procedure described by lloughton et at., t"i'0c. 35 N-fonnylmethionine and leader sequences. All such varia-
Nrifl. Aerrd. Set‘. 82, 5'l31—5 (1985) may be employed. It is tions are included within the scope ofthe present invention.

preferred that the polypeptides be obtained by production in Melhnd Fm Dfledion 0|. Nuclcic Acidsprokaryotic or eukaryotic host cells expressing a DNA
sequence coding for all or part ofthe high molecular weight The I)“:-"'*5"l invenmin liimhar ‘3'5’“‘3cm-‘5 31 mcilm‘-l if"
subunit of MTP, or by in vitro translation of the mRNA 4U dctcclinga nucleic acid scciucficc coding for aiicrpartofthc
cm-Odsd by 3 DNA Sequence coding [Or an or pan of lhc high molecular weight subunit of M'I"l‘ or a related nucleic
high molecular weight subunit of M'l'l-’. lior example. the acid 5"3‘i“c1_“-3'5» ‘-'UT"'l’r1_5"1_1"g C"’“la‘3lil'fg ‘hf’ nuclei? acid
DNA sequence of SEQ‘ 11)‘ N05‘ 1’ 2’ 5’ 7’ 3, 1 logelhflr sequence with a detectable marker which binds specifically
with 5, 2 together with 7, the first I08 bases of 2 together 10 "1 1°35‘ ii PUTTWT1 Of 1179 1'“-1‘-‘l‘31‘-‘ “Cid 5°‘l11‘3“‘3‘-‘a and
with 8, the first 108 bases of 2 together with 7 and 8, 8 45 deicclinié ll“? marker 50 b°‘m‘l- The Prefiem-‘F 0f bwnd
wgather wilh 31 and 33 or any pan [hereof may be syl-,[h¢_ marlcer indicates the presence ofthe nucleic acid sequence.
sized using PCR as described above and inserted into a PT°1°Tiib1Y- “'16 “"9131” (“ml -‘ieiluciice 1-‘5 *1 DNA 5°‘lWii‘—"=
Suitabls cxpmssion Wt-mr, which in mm may he used [0 having all or part ofthe nucleotide sequence substantially as
transform a suitable host cell. The recombinant host cell may Slmwn in $l—iQ- '13- N03 1- 2: 5- 7s 8- 1 mgeihcr \_’‘‘'ill1 5a 2
then be cultured to produce the high molecular weight 50 1°8°1h°r Wlih 7- Th“ [1151 108 bf’--‘Si-"-‘5 of 2 l°253ih°I wllh 8: i_h5
subunit of MTP. Techniques for the production of polypep- film 103 l-W5‘-‘5 of 3 10i3°Ih’-3'1‘ wlih 7 and 8: or 3 iogeihcf wlih
tides by these means are known in the art, and are described 31 and 32: UT 1‘-‘5 i-Umpltimtiniaiy ihfiwiov
ht-,rt-,[n_ A DNA sample containing the DNA sequence can be

'l‘ht-, polypcptidcg pf0(Iuccd in [hi5 manner may then be isolated using various methods for DNA isolation which are
isolated and purified to some degree using various protein 55 well—known to those ofordinary skill in the art. For example,
purification techniques. For example, chromatographic pro- 5| genomic DNA Sflmpic may i110 iS0i€l10d from US$110 by
eedures such as ion exchange chromatography, gel filtration rapidly freezing Ihc US$110 from which [hit DNA i5 10 hi!
chrnmnlograljhy and imm11n()al'fini[y chromatography may iSt.ll£llC(.l, C]'LlSl'liTlg lllfi l'i.‘iS1l€ 10 p1'(t(.l1lC3 readily Llig6Slil')lC
hc cmployt;d_ pieces, placing the crushed tissue in a solution of proteinase

The polypeptides of the pfcsgnl invcnliun may hc ugcd in 5:] K and SDS, and ‘iI]t..‘lll')EiT.i1'1g T.l'1€ H25-'itliT.iI'lg S0ll.lli(lI'l l.ll'l'[il ITIUSI
3 variety of ways_ ]-‘or cxample’ lhc p()]ypgl)li(]e_\; may (lflflfl cellular p]'()lt:'i1'1 degraded. 'i1l']t': gC|'l(l|'I'IiC DN/\ ll'lt‘,I'l
be used to prepare in a known manner pol}/clonal of mono- deproteinized by SL1CCCSSi\’C phenolfchloroformifisoamyl
clonal antibodies capable of binding the polypeptides, 'l‘l1c-so alcohol extractioiis, recovered by ethanol preeipitatioii, and
antibodies may in turn be used for the detection of the dfitld and F6511-‘-‘sPt=1'1d6li in l'31liii€T-
polypeptides of the present invention in a sample, for 65 Also preferred is the method in which the nucleic acid
example, a cell sample, using immunoassay techniques, for sequence is an RNA sequence. Preferably, the RNA
example, radioimmunoassay, enzyme immunoassay, or sequence is an mRNA sequence. Additionally preferred is
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the method in which the RNAsequenoe is located in the oclls
of a tissue sample. An RNA sample containing the RNA
sequence may be isolated using various methods for RNA
isolation which are well-known to those of ordinary skill in
the art. For example, an RNA sample may be isolated from
cultured cells by washing the cells free of medium and then
lysing the cells by placing them in a 4 M guanidinium
solution. The viscosity of the resulting solution is reduced by
drawing the lysate through a 20-gauge needle. The RNA is
then pelleted through a cesium chloride step gradient, and
the supernatant fluid from the gradient carefully removed to
allow complete separation of the RNA, found in the pellet,
from contaminating DNA and protein.

The detectable marker useful for detecting a nucleic acid
sequence coding for all or part of the high molecular weight
subunit of MTP or a related nucleic acid sequence, may be
a labeled DNA sequence, including a labeled cDNA
sequence, having a nucleotide sequence complementary to
at least a portion of the DNA sequence coding for all or part
of the high molecular weight subunit of MTP.

The detectable marker may also be a labeled RNA having
a sequence complementary to at least a portion of the DNA
sequence coding for all or part ofthe high molecular weight
subunit of MTP.

The detectable markers of the present invention may be
labeled with commonly employed radioactive labels, such as

‘HP and 358, although other labels such as biotin or mercury
may be employed. Various methods wel.l-known to those of
ordinary skill in the art may be used to label the detectable

markers. I-‘or example, DN/xsequences and RNA sequences

may be labeled with 331’ or 358 using the random primer
method.

Once a suitable detectable marker has been obtained,

various methods well—known to those of ordinary skill in the
art may be employed for contacting the detectable marker
with the sample of interest. For example, DNA—l)NA, RNA-
RNA and DNA-RNA hybridi'.r.ations may be performed
using standard procedures known in the art. In a typical
DNA-DNA liybridization procedure for detecting DNA
sequences coding for all or part of MT!’ in genomic DNA,

the genomic DNA is first isolated using known methods, and
then digested with one or more restriction enzymes. The

resulting DNA fragments are separated on agarose gels,
denatured in situ, and transferred to membrane filters. After

prehybridization to reduce nonspecific hybridization, a
radiolabeled nucleic acid probe is hybridized to the immo-
bilized DNA fragments. The membrane is then washed to
remove unbound or weakly bound probe, and is then auto-
radiographed to identify the DNA fragments that have

hybridized with the probe.
The presence ofbound detectable marker may he detected

using various methods well—known to those of ordinary skill
in the art. For example, if the detectable marker is radioac-
tively labeled, autoradiography may be employed. Depend-
ing on the label employed, other detection methods such as
spectrophotometry may also be used.

It should be understood that nucleic acid sequences
related to nucleic acid sequences coding for all or part of the
high molecular weight subunit of MTP can also be detected
using the methods described herein. For example, a DNA
probe that has conserved regions of the gene for the high
molecular weight subunit of human or bovine MTP can be
used to detect and isolate related DNA sequences (e."., a

35 of 97

IU

I5

30

35

4U

45

SU

55

fit]

65

52

DNAsequenoe coding for the high molecular weight subunit
of MTP from mice, rats, hamsters, or dogs). All such
methods are included within the scope of the present inven-
tion.

Methods For Detecting MTP Inhibitors

The present invention further concerns methods for
detecting inhibitors of MTP. In particular, the present inven-
tion concerns a process for detecting an inhibitor of MTI’
comprising: (a) incubating a sample thought to contain an
inhibitor of MTI’ with detectably labeled lipids in donor
particles, acceptor particles and MTP; and (b) measuring the
MTP stimulated transfer of the detectably labeled lipids
from the donor particles to the acceptor particles. In this
assay, an inhibitor would decrease the rate of VlTl’—
stimulated transfer of detectable labeled lipid from donor to
acceptor particles. The detection may be carried out by
nuclear magnetic resonance (NMR], electron spin resonance
(ESR}, radiolabcling (which is preferred), fluorescent
labeling, and the like. The donor and acceptor particles may
he membranes, I-IDl., low density lipoproteins (l_DI_), SUV,
lipoproteins and the like. IIDI. and SUV are the preferred
donor particles; l.lJl. and SUV are the preferred acceptor
particles.

The foregoing procedure was carried out to identify the
MTP inhibitor

@353
which has the name 2—[1—(3,3—dipheny1propyl)—4—
piperdinyl]-2,3-dihydro-3-oxc»l I I-isoindole hydrochloride
(herein referred to as "compound A”). The foregoing pro-
eedu re also identified the MTP inhibitor

our;

which has the name l-[3-[6-fluoro-1-tetralanyl)n'1ethyl]-4-
O-methoxyphenyl piperazine [herein referred to as "com-
pound B”). These compounds were identitied by the proce-
dtlrcs described in the working examples hereinafter. The
foregoing procedures further were used to identify the MTP
inhibitors falling within Formulae I, II, and III.

Method of Preparation of Inhibitors

The compounds of formulae 1, II, and Ill maybe prepared
by the exemplary processes described in the following
reaction schernes. Exemplary reagents and procedures for
these reactions appear hereinafter and in Examples 10 et seg.
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ul‘ acetic acid or tiri in the presence of hydrochloric acidPhthalimide formation (Reaction Schemes I, IV) may be
under an inert atmoshphere (e.g., argon).carried out by heating lo about 80 I0 I50” C. in an oil balh

optionally in an inert solveril or by varous other procedures
known in [he arl. See, e.g., ljxzlmple 13 hereinafler.

Reduction [Reaction Scheme I) may he carried out by
treatment with such reducing agents as zinc in the presence

39 of 97

Isoindolorac formation (Reaction Scheme 1) may be car-
ried out by heating in lhc range of aboul 50 to 150° C. in an
organic s(1lvent{e.g.,1oluene, elhanol, dimelhyllhrrnamide)
optionally in the presence of a salt (e.g., potassium
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carbonate) or a tertiary amine base (e.g., 2,ti—di—t—
butylpyridine or triethylamine).

Amide formation (Reaction Schemes II, VI, VII) may be
carried out by a number of methods known in the art. For
example, an amine substrate may be treated with (1) an acid
halide R5(f[())halo or compound X in an aprotic solvent,
optionally in the presence of a tertiary amine base (e.g.,
triethylaminc); (2) the acid halide in the presence of an
aqueous base under Schotten-Baumann conditions; (3) a free
carboxylic acid [R5(T()2H) in the presence of a coupling
agent such as dicyclohcxylcarbodiimide (DCC) or 1—(3—
dimethylaminopropyI)—3—ethytcarbodiimidc hydrochloride
[WSC), optionally in the presence of
Lhydroxybenzotriazole (IIOBT); (4) the free acid in the
presence of N,N-carltonyldiimidanole in an aprotic organic
solvent followed by the amine substrate; (5) trialkylalumi—
num (e.g., Al(CH3)3) in an aprotic solvent , followed by an
ester (e.g., R5C02alkyl or compound VIII) or (6) mixed
anhydride formation, by reacting the acid with an acid
chloride [c.g., isobutyl ehloroformate or bis—{2—oxo—3— '
oxazolidir1yl)phosphinie chloride (Bop—Cl)) in the presence
of a tertiary amine base (e.g., treithylamine) followed by
treatment with the amine substrate.

Mcsylate formation (Reaction Scheme 1!) may be carried
out by treatment of the amine-alcohol substrate with meth-
anesulfonyl chloride and triethylamine or pyridine or in an
aprotic solvent, such as diehloromethane.

Base cyclization (Reaction Scheme II) may be carried out
by treatment with a base (e.g., potassium t-butoxide or
sodium hydride) in an inert solvent [e.g.,
dimethylformamide, tetrahydrofuran, dimethoxymethane,
or toluene). Mitsunobu eyclization {Reaction Scheme II)
may be carried out by procedures generally known in the art.
Sec, e.g., R. K. Olsen, J. Org. Cltrmt._. 49, 3527 (1984);
Genin, M. J., et al., J. Org. C:'tem., 58, 2334-7 (1993).

Alternatively, a mixture of compounds IV and VIII can be
converted to compound la in a single pot by heating the
mixture in a protic solvent (e.g.,water, methanol, ethenyl or
isopropanol or mixtures thereof) at "[00 to 200" C. Sec, e.g..
European patent application 81,-"26,?-49, 17R 2, 548,666
[1 983).

Protection and deprotection (Reaction Schemes III, IV, V)
may be carried out by procedures generally known in the art.
See, for example, T. W. Greene, I’re-tcctfng Groups’ in
Organic Swat.-‘tests. Second edition, 1991. PG in Scheme V
denotes a nitrogen—protecting group. One particularly useful
group is tert—butoxyearbonyl (BOC) which can be derived
from the associated anhydride as shown in Scheme IV.
BOC-protected amines may typically be deproteeted by
trcatntent witlt acid (e.g., trilluoroaectic acid or hydrochloric
acid) in procedures well understood by those having ordi-
nary skill in the art.

Hydrogenolysis (Reaction Schemes III, IV, V) may be
carried out with H: using, a balloon apparatus or a Parr
Shaker in the presence of a catalyst (e.g., palladium on
activated carbon).

Amine alkylation and arylation (Reaction Schemes III, IV,
VII) may be carried out by methods known in the art.
Suitable procedures are described in Cortiao, I.., J. Med.
Cirem. 34, 2242-2247 (I 991). l-‘or example, the alkylation or
arylation may be carried out by treating the amine substrate
with a halide (e.g., R‘—haIo) or an oxytosylatc (c.g., l{'—0—
tosylate) in an aprotic solvent (e.g., dimethylfonnamide),
optionally in the presence of a tertiary amine (e.g.,
tricthylamine) or an inorganic base (c.g., potassium
carbonate).
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Reductive amination may be employed as an alternative
to the foregoing amine alkylation and arylation procedures
when R1, R“ or R7 is R°RmCII—and R9 and Rm are each
independently hydrogen, alkyl, alkenyl, aryl, hetcroaryl,
arylalkyl, hetcroarylalkyl, cycloalkyl, or eycloalkylalkyl, or
R” and Rm together are alkylene (i.e., R”RmCII— forms a
cycloalkyl group). Such reductive amination may be carried
out by treating the amine with (a) a ketone or aldehyde
(R”—C(O)—R"-'), (b) l\laBH,,, NaBH3CN er NaB(acetoxy)
_«,II, (c) a protic solvent (e.g., methanol) or a dipolar aprotic
solvent (e.g., acetonitrile), and, optionally, (d) an acid (e.g.,
acetic acid, trilluoroacelic acid, hydrochloric acid, or tita-
nium isopropoxide).

When R‘ is aryl or heteroaryl, transition metals (e. g.,
palladium or copper salts or complexes) may be used to
promote the arylation reaction.

Ilydrazinolysis of phthalimides may be carried out by
standard means known in the art. See, e.g., 'I'. W. (ireene,
Protecting Groups in Organic S'yrtritesis, Second edition,
'l99'l.

Amide N—alkylaIion (Reaction Scheme VI) may be car-
ried out by base treatment (e.g., Nal-I, KH, KN[Si(CH3)3]2,
K2003, P4-phosphazene base, or butyl lithium) in an aprotic
organic solvent, followed by treatment with R°—haIo or
R6-0-tosylate. Use of P-phosphazene base is described in 'l'.
Pietzonka, D. Seebach, Artgew. Chem. Int. Ed. Engi. 31,
1481, 1992.

In Scheme VII, the I-'riedel—Crafts cyclization may be
carried out with, for example, aluminum chloride, boron
trifluoride or polyphosphorie acid and aprotic solvents such
as nitrobenzene, nitromethane or carbon disullide at about

—20° C. to 80° C. The esterification may be carried out with
a common estcrifying agent [e.g., sulfuric acid in methanol)
with heating to reflux. Ketalization may be carried out by
treatment with such reagents as ethylene glycol in an organic
solvent (e.g., benzene) in the presence of an acid catalyst
(e.g., p-toluenesullionic acid). Reduction with lithium alu-
minum hydride (I..«‘\II) may be carried out in art organic
solvent (c.g., tctrahydrofuran) from 0° C. to 7'0“ C. Oxida-
tion of alcohols may be carried out by Oppenauer oxidation,
such as treatment with potassium t-butoxide and
benzophcnone, or by other procedures known in the art. The
sulfonalion may be carried out with RSO_._Cl wherein R. is
alkyl, haloalkyl or aryl in an organic solvent (e.g., pyridine,
dichloromcthine) in an inert atmosphere (e.g., nitrogen)
o1Jtionally in the presence of a tertiary amine base (e.g.,
triethylamine).

Compound III can also be prepared from compound XX
as described by Cortizo, L., J. flied. Chem. 34, 2242-2247
(1991).

Methods of Treatment

The present invention also concerns a novel tnetliod for
preventing, stabilizing or causing regression of atheroscle-
rosis in a mammalian species comprising administration of
a therapeutically effective amount of an agent which
decreases the amount or activity of MTP.

The present invention further concerns a novel method for
lowering serum lipid levels, such as cholesterol or TG leve Ls,
in a mammalian species, which comprises administration of
a therapeutically elfcctive amount of an agent which
decreases the amount or activity of MTI’.

The treatment of various other conditions or diseases

using agents which decrease the amount of activity of MTP
is also contemplated by the present invention. For example,
agents which decrease the amount or activity of MTP and
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therefore decrease serum cholesterol and TG levels, and TG,
fatty acid and cholesterol absorption are likely to be useful
in treating hypercholesterolentia, hypertriglyceridemia,
hyperlipidemia, pancreatitis, hyperglycemia and obesity.

Compound III can also be prepared from compound XX
as described by Cortizo, L., J. Med. Chrem. 34, 2242-3247
(1991).

Various agents which effectively decrease the amount or
activity of MTP can be used in practicing the methods of the
present invention. MTP inhibitors can be isolated using the
screening methodology described hcreinabove and in
Example 5 hereinbelow. Compounds such as/\and l§,which
are identified as inhibitors of MTI’ {see Example 6
hereinbelow), are useful in specific embodiments of the
foregoing methods of treatment.

Antisense molecules may be used to reduce the amount of
MTP. [See, 'l‘oulme and Helene, Gene 72, 51-8 (1988);
lnouye, Gene 72, 25-34 (1988); and Uhlmann and Peyman,
Chemical Revr'cws 90, 543 584 (1990)]. MTP antisense
molecules can be designed based on the foregoing genomic
DNA and cDNA, corresponding 5' and 3' flanking control
regions, other flanking sequences, or intron sequences. Such
antisense molecules include antisense

oligodeoxyribonucleotides, oligoribonueleotidcs, oligo—
nucleotide analogues, and the like, and may comprise about
15 to 25 bases or more. Such antisense molecules may bind
noncovalently or covalently to the DNA or RNA for the high
molecular weight subunit of MTP. Such binding could, for
example, cleave or faciltate cleavage of MTP DNA or RNA,
increase degradation of nuclear or cytoplasmic mRNA, or
inhibit transcription, translation, binding of transactivating
factors, or pre—mRNA splicing or processing. All of these
effects would decrease expression of M11’ and thus make the
antisense molectlles useful in the foregoing methods of
treatment.

Potential target sequences for an antisense approach
include but are not limited to the DNA or RNA sequence
encoding MTP, its 5' and 3' flanking control regions, other
llanking sequences, and nonclassic Watson and Crick base
pairing sequences used in formation of triplex DNA. Anti-
scnse molecules directed against tandem sequences for the
high molecular weight subunit of MTP may be advanta-
genus.

Antiscnse molecules may also contain additional fu11c—
tionalitics that increase their stability, activity, transport into
and out of cells, and the like. Such additional functionalities

may, for example, bind or facilitate binding to target
molecules, or cleave or facilitate cleavage of target mol-
ecules.

Vectors may be constructed that direct the synthesis of .
anlisense DNA or RNA. In this case, the length of the
anlisertse molecule may be much longer; for example, 400
bp.
Demonstration of Relationship Between M'l'l’ and Serum
Cholesterol Levels, TG Levels, and Atherosclerosis

The methods ofthe present invention for lowering serum
cholesterol or 'I‘(} levels or preventing, stabilizing or causing
regression of atherosclerosis are based in part on the dis-
covery by the inventors that the genetic disease abeta|ipo-
proteinemia is caused by a lack of functional MTP. The
inventors have demonstrated a gene defect in two abetali-
poprotcinemic subjects by the following methods.
Assay For TG Transfer Activity in Abetalipoproteincmie
Subjects.
A. MTP Assay

TG transfer activity was measured as the protein-
stimulated rate of TC: transfer from donor SUV to acceptor
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SUV. To prepare donor and acceptor vesicles, the appropri-
ate lipids in chloroform were mixed in a 16)<125 mm
borosilicate glass screw cap tube (Fisher Scientific Co.,
Pittsburg, Pa., Cat. no. I4-933-IA) and then dried under a
stream of nitrogen. Two ml. '15f40 buffer (15 mM Tris, pH
7.4, 40 mM sodium chloride, 1 mM l.-'.D'l‘A, and 0.02%
NaN3) were added to the dried lipids (or 100 pl. per assay,
which ever is the least volume), a stream of nitrogen was
blown over the bulTer, then the cap was quickly screwed on
to trap a nitrogen atmosphere over the lipid suspension.
Lipids in the butter were bath—sonicated in a Special Ultra-
sonic Cleaner (Cat. no. (ill3SPl, l.aboratory Supplies Co.,
Hicksville, N.‘'{.). The donor and acceptor phosphatidyleho—
line (PC) (egg L—alpha—phosphatidylcho1ine, Sigma Chem.
Co., St. Louis, Mo.) was radiolabeled by adding traces of

[3H] dipalrnitoylphosphatidylcholinc(phosphatidylcholine
I.-alpha-dipalrnitoyl [2-palmitoyl-9,10, “II (N)], 33
Ci/mmol, DuPont NEN) to an approximate specific activity
of 100 cpmfnmol. Donor vesicles containing 40 nmol egg
PC, 0.2 mol ‘ft’: ["'C]TG [mixture of labeled (triolein
[carboxyl—“‘C]-, about 100 mCi.r’mmol, DuPont NE.l\') and
unlabeled (triolein, Sigma Chem. Co., St. Louis, Mo.) tri-
olein for a final specific activity of about 200,000 cpmf
nmol], and 7.3 mol % cardiolipin (bovine heart cardiolipin,
Sigma Chemical Co.) and acceptor vesicles containing 240
nmol egg PC and 0.2 mol 5% T0 were mixed with 5 mg fatty
acid free bovine serum albumin (BSA) and an aliquot ofthe
M'I‘Psamples in 0.7 to 0.9 ml. l5;'40 buffer and incubated for
1 hour at 37° C. The transfer reaction was terminated by the
addition of 0.5 mL DEAE-cellulose suspension (1.11. suspen-
sion DE—52, preswollcn DEAE—cellulose anion exchange,
liisher, Cat. no. 057w—5 to 15 mM Tris, pII 7.4, 1 mM
EDTA, and 0.02% NaN3). The reaction mixture was agitated
for 5 minutes and the DEAE—cellulose with bound donor

membranes (the donor membranes contained the negatively
charged cardiolipin and bound to the DEAE) were sedi-
mented by low speed centrifugation.

The MC-TG and 311-PC remaining in the supernatant were
quantitated by scintillation counting. TC; transfer was cal-
culated by comparing the ratio of ”C—TG (transferred from
the donor membranes to the acceptor membranes) to 311-PC.‘
(a marker of acceptor vesicle recovery) present in the
supernatant following a transfer reaction to the ratio of total
donor MC-TC; to acceptor [3II]PC in the assay before the
transfer reaction. The percentage of 1‘lC—'l'G transfer was
calculated as follows:

t_'”c—ro_t’t1—PC}m_‘iii TU Transfer: X 100%

{ ”LI- ]'G,:,;,; ,1‘-‘H— .°(:,,,,] .5. tin!

To calculate the MTP-stimulated rate of'l'(} transfer, the
TG transfer rate in the absence of MTI’ was subtracted from

the 'Il(i transfer rate in the presence of MTP. first order
kinetics was used to calculate total TC; transfer.

B. Antibody Production
Anti-88 kl)a antibodies were obtained from the Univer-

sity of Cincinnati. The production of anti—88 kDa has been
previously described. Wcttcrau et al., J. Biol. Chem. 265,
9800-7 (1990). To help address the specificity of the anti-
sera in human intestinal homogenates, affinity purified anti-
88 kDa was generated. Eight to 10 mg of purified MTP was
dialyried into 0.1 M MOPS, pH 7.5 and then added to 4 ml.
llio Rad Afligel 15 (Bio-Rad, Richmond, Calif.) which had
been prewashed 3 times with water at 4° C . The MTP was
allowed to couple to the matrix at room temperature for two
hours and then it was placed at 4° C. overnight. The
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remaining reactive sites on the atftgel were blocked by the
addition of 0.1 mI.1 M ethanolamine, pH 8.0, per ml. gel.
Optical density measurements of eluted protein were per-
formed according to the manufacturcr’s instructions and
indicated that more than 90% of the MTP was coupled to the
column. The column was washed with 50 ml. 10 mM Tris,
pll 7.5 followed by 50 ml. l0(l mM glycine, pll 2.5,
followed by 50 mL 10 mM Tris, pll 8.8, followed by 50 mL
100 tnM triethylatnine, pH 11.5, and finally tl1e colutnn was
reequilibrated in 10 rnM Tris, pll 7.5.

The antibodies in the antiserum were partially purified by
ananioniuni sulfate precipitation (226 mg ammonium sulfate
per mL serum). The pellet was resuspendcd and dialyzcd
into 15 mM Tris, pH 7.5, 1 mM EDTA, 0.02% sodium azide,
and 150 rnM sodium chloride. The partially purified anti-
bodies were slowly applied to the MTP-alligel column over
a two—hour period (the antibodies were cycled through the
column three times). The column was washed with "100 ml.
10 rnM Tris, pll 7.5, followed by 100 ml. 10 mM Tris, pll
7.5, 500 mM sodium chloride, followed by 50 ml. "I00 rnM
glycine, pH 2.5 [this fraction was collected into 5 ml. of "l
M Tris, pH t-LU), followed by 10 rnM Tris, pH 8.8 until the
column was at neutral pll, followed by 50 ml. triethylamine
pH 11.5 [this fraction was collected into 5 ml. '1 M Tris, pH
8.0), and linally the column was reequilibrated with "I0 mM
Tris, pII 7.5. Antibodies which eluted in the acidic wash
were retained and used for immunoblot analysis of protein
fractions.
C. Western Blot With anti-88 k[)a Antibodies

To confirm the specificity of the antibodies and to detect
the 88 kDa component of MTI’ in tissue homogenates,
purified bovine MTP or the fraction to be tested were
fractionated by SDS—PAGE [essentially as described by
Laemmli, Nature 227, 680-5 (197[})] using a 0.75 mm
lloelfer Scientific Instrument [iel Apparatus (San Francisco,
Calif.) The protein was then transferred to nitrocellulose by
Western blotting using a BioRad Trans—blot oell (Bio—Rad,
Richmond, Calif). The blotting buffer (25 mM Tris, 192
mM glycine, pH 8.3, 209?. methanol) was prccooled to 4° C
The proteins were transferred for 100 minutes at 250 mil-
liamperes at room temperature. The membranes were
blocked 5-10 minutes with blocking buffer (400 jtl.
anlifoam, about 10 mg of thimersal, and 200 g nonfat dry
milk in 4 liters 50 mM Tris, pII 7.7, 150 mM sodium
chloride). An aliquot of the antiserum (1:3(JU dilution) or
aflinity purified antibody (1:25 dilution of al]inity—purilied
antibodies) was added and allowed to react overnight at
room temperature. l-‘ollowing washing with blocking buffer,
the secondary antibody, goat anti-rabbit IgG coupled to
horseradish peroxidase (BioRad), was added at a dilution of
l 2000 and allowed to react for 3 hours at room temperature.
Following a washing step, the secondary antibody was
visualized with developer, 50 mg imidizale, 50 111g
3,3'diamin0benzidine tetrahydrochloride, and 50 ,uL H90:
(30% solution) in 50 ml. blocking buffer.
D. MTP in Intestinal Biosoles

Intestinal biopsies from fasted control and disease state
subjects were frozen and shipped to Bristol—Myers Squibb,
Princeton on dry ice. Biopsies were homogenized with a
polytron (Polytron FVT3000, Brinkmann Instrument, Inc.,
Westbury, N.Y.) at 1/; maximal setting. Typically, one biopsy
was homogenized in 0.25 mL homogenization buffer (50
mM Tris, pH 7.4, 50 rnM KCl, 5 mM l:lD'l'A, 5 |£tgt’mL
leupeptin, and 2 mM PMSI‘). An aliquot of the protein was
adjusted to 0.7 mL and 1.4% SDS and the protein concen-
tration was measured by the method of Lowry ct al., [J. Biol.
Citem. 193, 265-75 (1951)]. The homogenate was diluted

42 of 97

IU

I5

30

35

4U

45

SU

55

fit]

65

66

with homogenization buffer to about 1.75 mg protein;’mL. In
some cases, the protein was already more dilute and was
used directly. To release the soluble proteins from the
mierosomal fraction, one part deoxycholate solution ([|.56%,
pII 7.5) was added to 10 parts diluted homogenate with
vortexing. The sample was incubated at 4° C. for 30
minutes, then centrifuged at 1[)3,00(l><g for 60 minutes. The
supernatant was removed, diluted 1:1 with 15:’-=1-U bu|Ier, and
then dialyzed overnight into l5,’4U buffer. Aliquots of the
treated biopsies were assayed for TG transfer activity and
Western blot analysis was used to detect 88 kDa protein. TU
transfer activity was expressed as the percentage of donor
'l'(j transferred per hour as a function of homogenized
intestinal biopsy protein.
I_’.. Results with Abetalipoproteincmic Subjects

To investigate whether there is a relationship between
detective MTP and abetalipoproteinemia, MTP activity in
duodenal or duodenal-jejunal biopsies was measured from
live control subjects and four abetalipoproteinemic subjects
having the classic genetically recessive form of abetalipo—
proteinemia. Intestinal biopsies from the live normal sub-
jects were homogenized and treated with detergent as
described hereinabove. TU transfer activity was readily
detectable in biopsies from all live subjects (FIG. 2).

The TC; transfer activity in the biopsies was further
characterized. To confirm that TG hydrolysis was not inter-
fering with lipid transfer activity measurements, one sub-
ject’s acceptor vesicles (which contained the transported
lipid) were extracted after the transfer reaction, and the
identity of the "'C—TG was confirmed by thin layer chro-
matography. All of the ”C—TG had a tnebility identical to
that of authentic TG, confirming that intact T6 was being
transported in the assay.

The human MTP was characterized for its heat stability.
It was inactivated when heated to 60° (I. for 5 minutes. The

loss of activity demonstrates that the lipid transfer activity
being measured was not from an intracellular form of the
cholesteryl ester transfer protein (CETP), which is heat-
stable under these conditions. lhm et al.,.I. Biol. Cftertt. 257,
4818-27 (1982).

Intestinal biopsies from four abetalipoproteinemic sub-
jects were obtained, homogenizied, and TC} transfer activity
was measured as desribed herein above. No transfer activity
was recovered from the biopsies of any of the four subjects
(FIG. 3). The lack of detectable 'lU transfer activity could
have been related to an inability to release MTP from the
mierosomcs of the abetalipoproteinemie biopsies by deoXy—
cholate treatment. To test this possibility, the microsomes
from one subject were sonicated in addition to being treated
with detergent. Bath sonieation indepcndetitly releases TG
transfer activity comparable to that of detergent treatment.
Even under these conditions, no TU transfer activity was
detectable.

The next possibility considered was that the lack of
detectable TG transfer activity was related to the inability to
detect it in cells which contain large intracellular fat droplets
such as those which occur in abetalipoproteinemia. To test
this possibility, three controls were run. First, TG transfer
activity was measured from a biopsy of a subject with
chylomicron retention disease. Subjects with chylomieron
retention desease have a defect in the assembly or secretion
of ehylomicrons and have large fat droplets in their
enterocytes, analogous to abetalipoproteine-mic subjects. In
addition, 'l‘(i transfer activity was measured from a biopsy
taken from an individual who was not fasted prior to the
biopsy and from a homozygous hypobetalipoproteinemic
subject. Both these subjects also had fat-filled enterocytes.
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In all three cases, TG transfer activity comparable to that of
the normal subjects was found (FIG. 4), confirming that the
presence of intracellular lipid droplets does not interfere
with our ability to recover and detect TG transfer activity.

To establish the biochemical defect responsible for the 5 S3’5l'3m 9690 modcl H15’ ‘"31 CF91“ for 50 CV91“ 9011515098
absence of transfer activity, the soluble proteins following of 949 1‘-‘T 30 ’5'°C°nd_5= 500 c- for 30 "5""-‘°“‘l5v and 73°
mjaasc Uf MTP from [he micmmmaj fraclifln Gr ll“, h0m(,g_ for minute. The reaction was then incubated at 72° C. for
enized biopsy were analyzed by Western blot analysis with 7 m”_1ulc§' The forwarfl andfclicrsc 1”‘.”‘°f"5 1_lSc(l to amplify
antibodies raised against the 88 kDa component of bovine ”".:.5 jrcgujll? Oh]-J; IlU\Ae,nw(,],1,ng [he 88 Lnd wmpmwm of
MTP. When normal (I‘I(_i. 5] or control (FIG. 6) subjects 1U MIP am 5’ Own 6 ow’ 5 10 ‘ '
were examined with a polyclonal anti-88 kDa antibody, a
band comparable to that of the 88 kDa component ofbovine
MTP was observed. In addition, additional proteins of Fumard 5EQ_
increased mobility also cross—reacted with this antibody. To Pritners Sequence :1). NO.
eonllrm the identity of the 88 kI)a component of human I5

MTP, the antibody was allinity-purified on an MTP allinity 15F é:CmTGGATGcm_TGAGGATTG:,: 9
column. Following this treatment, only the protein of “F 41 A 5-; 10
molecular weight comparable to that of the 88 kDa compo- GGTCMTRTCATTCTTCTTGCTGTGC
nent of bovine MTP was immunoreactive (FIG. 7). 5731' 579 502 11

Western blot analysis of the soluble proteins following an EEETTCCCTMCBGGCTCATCAMMAMG
detergent treatment of the microsornes of all five normal 900:-' m 925 12
subjects and three control subjects demonstrated the pres— RCGGCCRTTCCCRTTGTGGGGCAGGT

ence of the 88 klJa component of MTP (FIGS. 5 to 7). In Reverse sEQ_
contrast, no protein corresponding to the 88 kDa component Primers Sequence :D_ NO_
of bovine MTP was apparent in the abetalipoproteinemic 15
subjects (FIG. 8). In addition, a similar analysis was per- 5793 573 553 13

formed with 100 gig protein from the whole intestinal 839R EEECACCCMGACCTGATTTEEEC 14
liomogeuates front two abctalipuproteiucmic subjects. GCCTGCTTCGGTTGTCTTCAGCTCT
Again, no band corresponding to the 88 kI)a component of 10293 1029 1006 15
MTP was apparent (FIG. 8). As a control, immunoblot 3n CGCGGBTCCTTCTGBCAGCCTCAGCCTTGGH

analysis with anti—I’DI antibodies (lCl'l'l‘0I.'l5l.E'EtlC(.l the presence 158% é:::GRTCATATCTCTGGAGAG(l:::, 16
el PDI 1n the latter two abetalipoproteinerntc subjects. lhese 21171; 211-; 209-; 17
results demonstrate that the biochemical basis for the ccccccnmccneenenecacmeaaccwmcmc

absence of MTP activity in the abetalipoproteinemic sub-

_jects is the marked deficiency or the absence of the 88 k[)a 35 Shown bulow am the Pm-mar Combinalions used the PCR
mmpmmm of MTP‘ product length.
Demonstration ofa Gene Defect in ar1Abetalipoproteir1emic
Subject
Amplification of mRNA and DNA by PCR

Two intestinal biopsies were obtained from the duodenal 4U p.-mm pair pmgucL1,_-,,g1h (hp)
mucosa of a 39-year-old abetalipoproteinemic patient. Pre- _ _

vious analysis demonstrated that neither MTP activity nor : Egg:
the 88 kDa component of MTP were detectable in intestinal 411. + jg3_t,R 993
biopsies taken from this subject. Each biopsy weighed 5-10 5?ttt~' + 1029s 47:]

mg and was stored frozen at —7[t° C. To isolate total RNA, 45 9‘-W + 1533*‘ f§9
one frozen biopsy was placed into a microfuge tube oon— WDF + gum 1“8
taining 0.8 mL of cold RNAzol B (Cir1naBiotecx labs,
l-‘riendswood, 'fex.). The biopsy was hon1ogeni;aedimmedi- The primer sequences are based on the normal human
ately by polytron (Brinkrnann, Westbury, N.Y.) for 6 strokes cDNAeneoding the 88 l<Da component of MTP. All primers
on setting 10. Chlorofortn (80 _nL) was added and the 50 are written 5‘ to 3'. F refers to the forward primer, and R to
mixture inverted gently 20 times. After a 5-minute incuba- the reverse primer. The underlining identifies restriction
tion on ice, the mixture was centrifuged at 14,000 rpm in an sites recognized by Eco RI (primer 579-F] Or Bam Ill
lzippendorf microfuge 5415 (Brinlmianti) for 15 minutes at (primers l029R and 21'l7R), which were incorporated into
4° C. Total RNA was precipitated by adding 35U,ttL isopro— the 5' end of the primers.
panol to the supernatant. The yield from the biospy was 20 55 Subject genomic DNA was isolated from a second frozen
jug of total RNA, or about 2 gig RNA per mg of tissue (0.2%). intestinal biopsy. The biopsy was placed into a microfuge

RNA (50 ng) was reverse transcribed into first strand tube containing 4UU;tL extraction butIer(lU mM 'I'ris.(.'l, pH
cDNA using 2.5 ;rM random hexamcr primers, 5 mM 8.0, 0.1 M ILDTA, 0.5% SDS, 20 ,ttgfmL RN/Lse I) and
magnesium chloride, 1 mM each dcoxynuclcotidc triphos- homogenized immediately. Ilomogcnization was by poly-
phate (LINTP), 1 Ufinl. RNAsin, 2.5 Uijnl. Moloney Murine an tron for 5 strokes at setting 10. Proteinase K was added to
leukemia Virus reverse transcriptase ((M-MI.V-RT), and a final concentration of'l00|ngt’ml and the reaction incubated
1><PCR reaction buffer (Perkin-Elmer-Cetus RNA-PCR kit at 50° C. for 3 hours. The mixture was swirled periodically.
N0. N8U8—UU17). The 20 ,ttL reaction was incubated at room After cooling the reaction to room temperature, 400 pl.
temperature for 10 minutes to anneal the primers, and then Tris—saturated phcnofchloroform [pH 8.0) was added. The
at 42° C. for 30 minutes to reverse transcribe the RNA. The 65 tube was inverted gently for 5 minutes and then centrifuged
reaction was terminated by heating to 99° C. for 5 minutes for 5 minutes at 14,000 rpm at room temperature. 2 M
and cooling to 5° C. The first strand CDNA was added to a sodium chloride (35 gal.) and ethanol (0.? ml) were added to
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100 ,nL PCR containing 0.15 ,ttM forward and reverse
primers, 2 mM magnesium chloride, 0.2 mM each dNTP,
and 2.5 U Taq polymerase in 'l.25>< PCR buffer. Amplifica-
tion was conducted in a Perkin-Elmer GeneAmp PCR
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the supernatant [350 ;t.L) to precipitate the DNA. The DNA
was centrifuged briefly, washed gently with 70% ethanol,
dried briefly, and resuspended in 20 _ttI. of deionized water
[dH:O). The yield of DNA was 20 gig, or about 2 rig DNA
per mg tissue (0.2%).

Genomic DNA (0.5 log) was heated to 95° C. for 5 minutes
and added immediately to a l(l0tr[. PCR reaction containing
0.15 ,u.M forward and reverse primers, 2 mM magnesium
chloride, 0.2 1nM each dNTP, and 2.5 U Taq polymerase in
l.25>< PCR butler (Perkin—Llmer—Cetus}. Amplification was
conducted in a Perkin-Elmer GeneAmp PCR System 9600
model thermal cycler for 3 cycles consisting of 97° C. for 30
seconds, 50° C. for 30 seconds, and 72° C. for 1 minute.An
additional 32 cycles consisting of 94° (7. for 30 seconds, 50°
C. for 30 seconds, and 72° (T. for 1 minute were run. Tl1c
reaction was then incubated at 72° C. for 7 minutes.

Exon 2 of the gene encodes bases "I 09—29ti of the 88 kDa
component of MTP RNA. The primers (SEQ. ID. N05. 18
and 19) used to amplify exon 2 ofthe gene encoding the 88
kDa component of MTP from subject genomic DNA are
shown below.

Primer Pair ID. NO.5139.

10

I5

70

4.5 units T4 DNA polymerase, 5 units T4 polynueleotide
kinasc in 50 mM Tris IICI pII 7.5, 10 mM magnesium
chloride, 1 mM dithiothreitol. and 50 lttgfml. BSA. Incuba-
tion was at 37° C. for '1 hour. The DNA was then purified
from the reaction mixture by (}ene(.‘lean. The DNA was
eluted in 10 ,ttL (11120. The blunt-ended DNA was ligated
into pUCl8 cut previously with Sma I and dephosphorylated
(Pharrnacia). Dl:t5o. cells (100 ;tL, Gibco-BRL) were trans-
formed according to the protocol supplied by the manufac-
turer. Plasmid DNA was amplified and isolated by the
alkaline lysis procedure described in Moleculrrr Cloning
(Sambrook, Eritsch, and Maniatis, eds.) Cold Spring Harbor
Laboratory Press, l.25—'l.28 (1989). The plasmid clones
were sequenced as described in lixample 1.

Results

Direct sequence from three independent RNA-PCR reac-
tions rcvealcd a deleted cytosine at base 262 of the cDNA
relative to the start site of translation in the abetalipopro—
teinemic subject. The one base deletion shifts the reading
frame and leads to a stop codon (TGA) 21 bases down-
stream. Translation of the mutant RNA would terminate at

amino acid residue 78. Below is a comparison of the normal
and the abetalipoproteinemic subject’s DNA and deduced
amino acid sequences

237
AGG BAT CCT GAT GGT GET GET GAG CAG TTG ATC Normal

D G D D D Q L I

286
EGG BAT C-TG ATG GTG ATG ATG ACC AGT TGA TG Abeta

CCCTTAEAATGAAAACTGG 13
GGTACACTICTCCAAAAACTT l. 9

Base 255

AA R N

Base 255

AA R N

These primers were designed based on the normal human
DNA sequence encoding the 88 kDa component of MTP.
The primers are complementary to the introns flanking the
188 bp exon 2 so that the entire exon is amplified in the PCR
reaction. The amplification product size, including the prim-
ers and flanlring intronic regions, is 292 bp long.

13. Sequencing of PCR Products

The PCR products obtained from both RNA— and DNA-
PCR were eleetrophoresed on a 1.4% agarose gel in TAJJ
buller (40 mM Tris-acetate, 1 mM EDTA pII 8.0). The gel
was stained for 5 minutes in 0.5 mg,tmL ethidium bromide
in water, and destained in water for 10 minutes. The DNA

was visualized on an ultraviolet light box. The bands con-
taining the desired PCR product were excised with a razor
blade, and the DNA was purified by the (}enc(ilcan method
[Bio 101, La Jolla, Calif). The DNA was eluted from the
silica matrix in 20 Ittl. of distilled water. Each PCR reaction
yielded approximately 1 log of the desired DNA fragment. A
portion of the purified DNA was scqucnced directly by Taq
polymerase cycle sequencing on an Applied Biosystems,
Inc., 373 Automatic Sequencer, as described by Tracy and
Mulcahy, Biorecltrtiqtses, 11, 68 (1991).

The remaining DNA was prepared for cloning into a
plasmid vector by producing blunt-ends with T4 DNA
polymerase followed by phosphorylation with T4 poly-
nucleotide kinase. DNA (500 ng) was added to a 50 ,trL
reaction mixture containing 20 ,ttM each dN'l'P, 1 mM ATP,
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(SEQ. ID. NOS. 20 to 23, respectively).
Direct sequence analysis of 2 independent PCR amplifi-

cations of genomic DNA showed the deletion. This indicates
that both alleles of the gene encoding the 88 kDa component
of MTP in this subject exhibits the frameshift mutation. In
addition, the DNA fragments were cloned into pUCl8 for
sequencing. Eight plasmid clones also exhibit the deleted
cytosine further confirming the frameshift mutation on both
alleles.

Demonstration of a Gene Defect in a Second Abetalipopro-
teinemic Subject
A. Mellrods

Genomic DNA was isolated from blood from a second

abctalipoprotcincmic subject using Qiagcn (Chatsworth,
Calif.) kit no. 13343, following the manufacturer's protocol.
Like the first subject, we have previously demonstrated that
neither MTP activity nor the 88 kDa component of MTP
could be detected in intestinal biopsies from this subject.
Three hundred leg of this genomic DNA was sent to Strat-
agcne (La Jolla, Calif.) to be made into a genomic DNA
library in the lambda DASIIT” Vcctor{Stratagene). In
addition, a nonnal genomic library in the lambda DASIIT-“
vector was purchased from Stratagene (catalogue no.
943202).

Two million independent recombinant phage plaques
from each library were screened for genomic DNA inserts
containing sequences homologous to bovine MTP cDNA.
The screening process was similar to that for the cDNA
library screenin Example 1 except that the E. coli host strain
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was PLK 17, hybridization and wash temperatures were at
60° C., and the wash bulfcr was 'l><SSC, 0.1% SDS. The
probe for the genomic library screen was the 2.4 kb Eco RI
fragment from the bovine cDNA clone no. 22, “P-labeled
exactly as in example 2. Putative positive clones (about 30
from each library) were rescreened and remained positive
through two additional rounds of hybridization analysis.
Following the tertiary screen, single, isolated positive
plaques were excised from the agar plates and deposited into
1 mL of SM buffer with 50 ,it.L chloroform. Phage titer was
amplilied for each phage stock. following the “Small—scale
liquid cultures” protocol from Sambrook, et al., supra, p
2.67. One hundred lid. of the amplified stocks was mixed
with 'l00;iI.. of prepared PIK 17 plating cells and 'l00;iI.of
10 mM magnesium chloride, 10 mM calcium chloride and
incubated at 37° C. for 15 minutes. This mixture was then

used to inoculate 50 ml. 2xNZY (Bethesda Research
Laboratories) with 0.2% (Iasamino Acids {(Tr\A, Fisher
Scientilie no. D]-‘[1288-0| -2) and grown overnight at 37° (7.
Lambda DNAwas isolated from the lysed cultures using the
Qiagen kit no. 13543 using Qiagen buffers and protocol.

Direct DNA sequencing of the genomic DNA inserts was

performed as described in Example I using lambda DNA as

template. Oligonueleotides of about 20 bases, complemen-

tary to human cDNA sequence, were used as primers for

sequencing normal or abetalipoproteinemic genomic clones.

Characterization and sequencing of abetalipoproteiuemic

and normal genomic clones were performed in parallel (see

Example 9). Ir1tron—exon boundaries were identified by

comparing genomic and CDNA sequences. Sequencing

primers were designed against intron sequences 5' and 3' to

each exon and used to confirm intronfexon boundaries by

resequencing the boundaries. In addition, the coding

sequence of both DNA strands for each exon ol" at least one

abetalipoproteinemia genomic clone was sequenced. DNA

sequence analysis of exon 13 of the abetalipoprotcinemie

subject revealed a C-to-T point mutation at base 1830 o['the

human CDNA. This base change introduces a stop codon at

a site that normally encodes the amino acid residue Arg5._,5.

The nucleotide sequence around base 1830 encodes a Taq

I endoriuclease restriction site (TCGA) in the normal DNA

sequence but not in the abetalipoproteinemic subjeet’s DNA

sequence ('I'['(}A). To confirm this nucleotide change and

address homozygosity of this allele, Taq I digests were

performed on genomic DNA from a normal control, the

abetalipoproteinemic subject and both parents of the abe-

talipoproteinemic subject. Genomic DNA was isolated from

blood from a normal control, the abetalipoproteinemic sub-

ject and the abetalipoproteinemic subject"s mother and

father as described above. Ten gig of genomic DNA from

each sample was digested with 100 units of Taq I (Bethesda

Research Laboratories) in 100 iii. I><REact buffer no. 2

(Bethesda Research Laboratories) at 65° C. for 5 hours.

Each digestion reaction was spun at 2 000 rpm in an

Ultralree-MC 10,000 NMWL filter unit (no. U1"-C3 TGC 00

from Millipore) with a molecular weight eut-oil‘ of 10,000,

for 30 minutes to reduce the reaction volume to 50 ,uL. The
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restriction digest reactions were then subjected to agarose

gel electrophoresis through a "1955 gel in 'l'EA bulfer at 20

volts for 16 hours. The agarose gel was stained with

ethidium bromide, photographed, and then transferred to a

nitrocellulose membrane by the method of Southern. E. M.

Southern, J. Moi. Biol. 98, 503-17 (1975).

The probe [or the Southern hybridization was a PCR

product containing exon 13 and some flanking intron

sequences (see SEQ. ID N().’2.4, below). The l’(Il~‘. was

performed using the GeneAmp Kit (Perkin—Elmcr, Cetus

Industries) components and protocol with 0.3 log normal

genomic DNA as template and 10 picomoles each of the

forward and reverse primers in a 100 lrrl. reaction volume.

The reaction mix was incubated at 97° C. for two minutes,

then subjected to 30 cycles consisting of 94° C. for 30

seconds, 45° (7. for 30 seconds, and 72° (7. for 1 minute,

followed by one 7-minute incubation at 72° C. and storage

at 4° (I. The amplified DNA was subjected to electrophoresis

through agarose as in example i and the expected 302 bp

fragment was excised and eluted from the gel. This exon 13

PCR product was then 33P-labeled labeled as in example 2

and used as a probe for the Southern hybridization. Hybrid-

ization and wash conditions were as in example 2. The blot

was exposed to X—ray film at —80° C. for 5 days.

B. Results

A human genomic library was generated from DNA

isolated from a second abctalipoproteinemic subject. Two

million phage were probed with a bovine cDNA probe and

thirty phage with human genomic DNA inserts homologous
to the bovine MTP CDNA were characterized.

DNA sequence analysis of the genomic DNA inserts from

the abetalipoproteinemic subject revealed a C—to—'l‘ point

mutation at base 1830 in exon 13 of the human MTP gene
(exon "[3 corresponds to bases 1817 to 1914 of the human

CDNA). This C-to-T point mutation changes the normal
CGA argnine codon at residue 595 to a TGA translational

slop signal, resulting in a 300 amino acid truncation of this

protein. This nucleotide change was found on all four

independent genomic DNA inserts characterized from this
individual.

Shown below is the position of the C—to—T mutation in
exon "[3 of an abetalipoproteinemic subject. The 302 base
DNA sequence of the normal exon 13 with flanking intron

sequence is shown. DNA corresponding to the forward (-->)
and reverse (<--) PCR primers used to make the probe for

the Southern hybridization are indicated above the appro-
piiate arrows. Horizontal lines represent the intronlexon
boundaries. The Taq I recognition sequence is boxed. An

asterisk designates base 1830, the site of the (.‘—to—'l'
mutation.
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ATTTGGCTTC CTCTTTETTC CRCTGHGGHT TTTTTTTTCC
TGGGAAACAG TCATTACAAT caamcmceac CTTTTTTTTT

Tcca Aaaa TTGTCCTTCTGJ-Ll‘-XG GBATGTGTCGIKTROIJ axon I
TGACCGTTTC TCCAGGAGTG G1-‘a'I‘C'I"I‘C'I‘TC TGCCTRCRCT

TRTGTA CACCABRARG AGGTTCTCCT TCCATRCCCC
EXON INTRON

awrccweeaa CTGCTATTBA arwaeacma TAGTGTGTCA

cc

The non'nal nucleotide sequence surrounding the (T at
base 1830 (T(‘(}A) encodes a Taq [ restriction site. In this
abetalipoproleinemic subject, the sequence at this site is
mutated (TFGA). Therefore, Taq I should cut exon 13 at this
site in normal DNA, but not in DNA which contains the H“ prepared for phage infection by growing overnight to satu-
mutation. There is only one Taq I site in the nonnalexon 13. ration at 30° C. in 50 mL of I_uria Broth (L]3=l0 g sodium

ASoulhern blot confirms this nucleotide change (l"l(.i. 9). chloride, 10 g Bacto—'l'ryptone and 5 g Yeast Extract per
The genomic DNA isolated from a control subject, the liter) supplemented with 0.2% maltose and 10 mM magne-
abetalipopmteinemic subject, and the subject’s mother and sium sulfate. The cells were pelleted by low speed
father was cut to completion with Taq I and probed with 15 centrifugation, resuspended in 20 ml.of '10 mM magnesium
sequences from exen 13. The nonnal DNA is cut by Taq I sulfate and stored at 4° C. Twenty aliquots each of 50,000
into two pieces which hybridi7e to exert 13; the abetalipo- phage and 300 rd. of the C600 cells were incubated at 37°
proteinemia DNA is not cut with Taq I, evidenced by only C. for 15 minutes. mixed with 7" mL LB+0.7"% agarose and
one hybridizing hand. This result confirms the lack of a Taq plated on "[32 mm [B Plates. The plates were incubated for
I recognition sequence. The DNA from both parents exhibits 30 7-10 hours at 37° C‘. until distinct phage plaques appeared,
a mixed pattern, demonstrating the presence of one normal then transferred to 4° C.
allele and one mutated allele. Duplicate plaque transfers to nitrocellulose membranes
C. Analysis were performed for each plate as follows. A nitrocellulose

The foregoing results and the conclusions drawn from membrane (Schleicher & Schucll, Keene, NH.) was placed
them can be summarized as follows. 35 directly on the phage for 1 minute (first transfer) or 3

MTP activity and protein are undetectable in the abetali- minutes (second transfer). The phage DNA adhering to the
poproteinemic subjects studied. Mutations in the MTP gene membrane was then denatured for 1 minute in 0.5 N sodium
fully explain the lack of protein and activity. Previous results hydroxide, 1.5 M sodium chloride, neutralized for 1 minute
demonstrate that abetalipoproteinemia is a monogenetic in 1 M Tris, pH 8.0, 1,5 M sodium chloride, and finally

disease Kane & llavel, supra. From these results, one can 4U washed for 1 minute in ZXSSC (lxSSC=0.15 M sodium
conclude that abetalipoproteinemia is caused by a loss of chloride, 0.015 M sodium citrate, pH 7.0). The DNA was
MTP activity. then permanently fixed onto the nitrocellulose membrane by

These results demonstrate that MTP activity is required baking in 3“ 30° (L V«'iC1-111m UVBU T01’ 3 hflllf-S.

for the efficient assembly and secretion of lipoprotein par— T110 l»‘50l31l0fl Of b0V1'f1'-3' MTP. l1'1"v‘ll-ldlflg ‘ht? 88 kD5l
Iiclcs which contain apolipoprotein B. Loss of MTP activity 4‘ C0mI’0_“c“‘= hf‘-Q hm" l31'°"10U-“1Y‘ 5l°5Cr1h9-d- S5‘-3 wfittflrau
results in lower serum levels of cholesterol, triglycerides, " and Zllvcfimils C»l1£’J'fl- P'l1}’5- I"'I"d-5 381 20542 (1985);
phospholipids, and cholesterol esters. One can thuseonclude Wcucra” cl 531;! J‘ BIN‘ Cfl”3"”' 3651 9800-7 U990)‘ The
that a decrease in the amount of activity of MTP will result Scqucnccs Qt mfcmal, peptides Flt the $8 kD‘1 °0mI3°,'1‘?“‘

in lower Scrum lipid levels‘ wer-entfiil tl(1)‘des1g-n c])ligo}:1ucleotidesg;v‘h‘1c]h \x;1o\ul;:lh}::3ri$tz‘e
Moreover, lower senim lipid levels are associated with ,0 183 ‘’ Promm‘ "L “I L’ " ' 0'

prevention, stabilization, or regression of atherosclerosis. As " Th " d ” d "'.b dhx \. x 1 _d [1 h .. . . . _ eproce ures escrt c erein emp oye pro Hes avtng

dlscused above, loss ol the amount or activity of MTP results the followin DNA . , , _. _ _ . . . . . . g sequences [listed 5 to 3).
in lower serum lipid levels. In addition, abetal1poprote1ne-
mic subjects lack atherosclerosis. Schaefer, supra; Dische

and Porro,/tm. J. Meet‘. 49, 568-71 (1970); and Sobrevilla el W
al., Am. J. Med. 37, 821 (1964). One can thus also conclude " Probe Sequence No_
that inhibition of MTP will result in the prevention,

stabilization, or regression of atherosclerosis. 2“ CTSEACCASCGEGTETTEM 25
The following examples further illustrate the present 3“ MGTAGGATGTCTTGGACMTGGAGAGCATGTA 25

invention. These examples are not intended to limit the 6” 19.1; GATCAGTTGGTTATCATCACCATCAGGACT 2?
scope of the present invention, and may provide further

understanding’ Ofthc invention‘ Probe 2A is a mixture of thirty-two twenty base
EXAMPLE I oligonucleotides, each encoding the amino acid sequence of

Isolation and DNA Sequence Analysis of CDNA Clones the peptide from which this probe was designed. Probe 37A
Encoding the 88 kDa Component of the Bovine MTP 65 is :1 unique 33 base sequence and probe 19A is a unique

A commercially available bacteriophage lambda gt l0;' thirty-mer. These oligonucleotide sequences encode amino
bovine small intestine CDNA library was purchased from acid sequences that correspond to internal peptides.
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SEQ. ID. NO. 24 .
BHBTTTGRCT 5 0

CCTCRTATGT 1 U 0

CTCACAATTA 1 5 0

G-GCTACATAG 2 D 0

ECRACTTAGC 2 5 0

TCAGGTAGTC 3 U 0

3 U 2

(flonlech. lxl0" independent recombinant phage plaques
were screened for the CDNA corresponding to the 88 kDa
component of bovine MTP.

An coti bacteria host, strain C600 (Clontech), was
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Oligonueleotides were obtained from commercial sou recs
as indicated herein or synthesized on a Milligeniflioscarch
[Millipore Corp, Bedford, Mass.) 8700 DNA Synthesizer
using bctaeyanocthyl phosphoramiditc chemistry. Sequenc-
ing primers were desalted on NAP-10 columns (Pharmacia
l.Kl3 Biotechnologies, Inc., Piscataway, N..l.) prior to use.
Probes were purified on NENSORB Prep Resin (|)ul-’ont
Company, NEN Research Products, Boston, Mass).

Probe 2A was purchased frotn (icnosys Bioteehrrologics,
Inc. (The Woodlands, Tex.) and was labeletl by incubating 1
_ug of the oligonucleotide in 50 mM Tris-Cl, pII 7.5, 10 mM
magnesium chloride, 5 mM dithiothreitol (DTT), 0.1 mM
cthylencdiaminetetraacctate (l:'.D’l'A), and 0.1 mM spermi-
dine with '10 units T4 polynucleotidc kinase and "[20 _riCi of
gamma labeled 321‘-A'l"l3' in a 50 _ul. reaction volume at 37°
C. for 30 minutes followed by heat inactivation of the kinase
at 68° C. for 5 min1rtes_ Unreaeted ATP was removed

utilizing a (3-25 Sephadcx spin column (Bochringcr Man-
nheim Corp., Indianapolis, Ind.) following the manufactur-
er’s instructions. The labeled olignnueleotidc had a specific -
activity of approximately 2x10” dpm;'_itg.

The nitrocellulose membranes were prehyhridized for 2
hours at 37° C. in 150 ml. of hybridization buffer (6xSSC,
20 mM NaP04, 2><Denhardts, 0.'|% SDS, and "[00 gal.
salmon sperm DNA) (See, Sambrook et al., supra, p. B15 for
Denhardts). The hybridization buffer was replaced and the
labeled oligonucleotide probe 2A was added and allowed to
hybridize overnight at 37° C. The tnctnbratrcs were washed
in 1 liter of 2>(SSC, (1.1% SDS at 40° C., air-dried, and
exposed to Kodak XAR—S X—ray film for 5 days at —80° C,
with a Dupont lightening plus intensifying screen [Dupont,
NEN).

Putative positive clones (40) were rcsercened with the
same probe through two subsequent rounds of hybridization.
Agar plugs corresponding to positive signals on the X-ray
films were excised from the original plates and placed in "l
mL SM+5% CIICIS (SM=5.8 g sodium chloride, 2.0 g
magnesium sulfate, 50 ml. 1 M Tris-Cl pil 7.5, and 5 ml. 2%
gelatin per liter). The phage were replated by mixing 0.001
_rrL of phage stock with 100 pl. C600 oells in 10 mM
magnesium sulfate, incubating at 37° C. for 15 minutes,
adding 3 ml. l_B+[].7‘% agarose and plating onto 82 mm LI}
plates. After overnight incubation at 37° C. followed by 1
hour at 4° C., the phage plaques were transferred to
nitrocellulose, and reprobed as above to labeled oligonuele—
otide probe 2A. Following the tertiary hybridization screen,
16 phage plaques were isolated.

The inserts of each of the 16 recombinant phage were
amplilied by PCR using the commercially available lambda
gt10 amplitners (Cloutech) and the GeucArup Kit (Perkin-
Elmer, CetLLs Industries, Norwalk, Conn.) following the
manufacturer’s protocols exactly. The amplified DNA was
subjected to electrophoresis through 1.2% agarose gels in
‘l'ris—l:'D'l‘A—Acetate (’l'l:lA=4t| mM ’l'ris—Acctate, 1 mM
EDTA) buffer, for 2—3 hours at 100 volts. The agarose gels
were then stained in ethidium bromide (Etnr), rinsed in
water and photographed. The DNA was then transferred
from the gel to a nitrocellulose membrane by the method of
Southern. A Southern hybridization was performed using
labeled oligonucleotide probe 2A in 50 ml. hybrdizaiton
buffer (above) at 40° C. overnight then washing at 45° C.,
48° C. and 51° C. Two amplified inserts, corresponding to
phage no. 64 and no. 76 (FIG. 1), hybridized to probe 2A at
51° C. in 2><SSC. I_ambda DNA of these 2 clones was

prepared following the plate lysate procedure (Sambrook, et
al., supra, p. 2.118). ()ne—tenth (5 mL of 50 ml) ofthe phage
DNA was digested with 30 units of the restriction enzyme
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Eco R1 (New England Biolabs, Beverly. Mass.) hi the
manufacturer’s buffer at 37° C. for 2 hours and subjected to
agarose gel electrophoresis. Upon EcoRI cleavage of these
phage, no. 64 yielded a 1.0 kb insert fragment and the cDNA
from phage no. 76 yielded two EcoRI pieces, of 0.9 kb and
0.4 kb. These bands were excised from the gel.

DNA was eluted from the agarose gel slices by first
forcing the gel slices through a 21 gauge needle into 3 mL
of 'l'ml:l,N_3(10 mM Tris—Cl pH 7.4, 1 1nM EDTA pH 8.0 and
0.3 M sodium chloride) and freezing at —20° C. overnight.
The samples were then thawed at 37° C. for 30 minutes,
centrifuged to pellet the agarose, diluted 1:1 with water and
passed through an l:‘lu.'l‘ip column [schlcicher 6: Schuell)
following the manufacture’s protocol. The DNA samples
were then ethanol precipitated, ethanol washed, and resus-
pended to an approximate concentration of 0.05 pmolesj'_rtl..

The plasmid vector blnescript SK+ (Stratagene) was
prepared to receive the cDNA inserts by digestion with 20
units of the restriction endonuclease Eco RI (New England
Ftiolabs) in the manufacturer’s buffer at 37° C. for 2 hours,
followed by a 30 minute treatment with '1 unit of calf
alkaline phosphatase [Boehringer—Mannheim) which is
added directly to the Eco RI reaction. This DNA was then
electrophoresed through a 1.2% agarosefTEA gel at "[00
volts for 2 hours. The linear plasmid band was excised,
eluted and resuspended as above.

cDNA insert fragments were ligated into the prepared
bluescript plasmid vector by mixing 0.05 pmole of vector
with 0.10 pmoles ol‘cl)NAinsert in 50 mM Tris-Cl pll 7.4,
"[0 mM magnesium ehloride,1 mM D'TT,1 mM ATP, and 40
units T4 DNA ligase (New lzingland Biolabs). The 10 ,ol_.
reaction was incubated at 15° C. overnight. The ligation
reaction was then mixed with 100 lrrl. of transformation
competent cofi cells, strain DH5a (Bethesda Research
Laboratories), and the plasmid DNA transformed into the E
calf cells following the standard protocol ofSamhrook et al_,
supra, p. 1.74. Transforrned cells were plated on L]3—agar
plates containing l00,rrg.’mI. ampicillin and grown overnight
at 37° C.

Plasmid DNA was isolated from ampicillin resistant colo-
nies following the alkaline lysis procedure of Bimboin and
Doly [Ntrcfeic/1crZI.s Res, 7, 1513-23 (l979)]. The purified
plasmid DNA was digested with Eco RI as above, subjected
to agarose gel electrophoresis and analyzed for the genera-
tion of the correct size Eco RI CDNA insert fragment. Cells
from a unique colony positive for a cDNAinsert were used
to innoculate 100 mL of LB containing 100 ;tg!mL ampi-
cillin and grown to saturation at 37° C. Plasmid DNA was
extracted using a Qiagen plasmid isolation kit no. 12143
(Qiagen, lnc., Chatsworlh, Calif.) following the manufac-
turer’s protocol.

Sequencing of CDNA clones was performed with the
Applied Biosystems, Inc. (ABI, Foster City, Calif.) 373
Automated DNA Sequencer utilizing either dye—labeled
primers or dye—|abe|ed didcoxynucleotidcs. Cycle sequenc-
ing with dye-labeled primers was performed with Taq Dye
Primer Cycle Sequencing Kits (ABI part nos. 401121 and
401122). One pg of double—stranded DNA was used per
reaction. Methods used for cycling and concentration of
sequencing samples were as described in the Cycle Sequenc-
ing of DNA with Dye Primers manual (ARI part no.
901482). Alternatively, cycle sequencing with dye-labeled
dideoxynucleotides was performed using the 'l‘aq Dye
I)eoxy'““ Terrninator Cycle Sequencing Kit (ABI part no.
401113). Typically, 1.25 pig of template with 4 pmol of
primer was used per reaction. The template and primer
concentrations were varied as necessary to optimize
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sequencing reactions. Cycling of reactions was performed
using a Perkin—Elmer Cetus thermal cycler (model 9810) as
described in the Taq Dye Deoxy” Terminator Cycle
Sequencing Protocol (ABI part no. 901497).

Following the cycle reactions, Centri—Scp"” spin columns
(Princeton Separations, Adelphia, NJ were used to remove
excess dye terminators and printers. Spin column eluants
were then precipitated and washed as described in the Taq
Dye Deoxy'”“ Terminator Cycle Sequencing Protocol (ABI
part no. 901497). A 6% acrylamide denaturing gel was
prepared as described in the ABI 373A DNA Sequencing
System Users Manual. Just prior to running the gel, samples
were resuspcndcd in 5 gal. of deioni/led forrnamidcffitl mM
EDTA (pH 8.0) 5;’1 (\'fv).San1ples were denatured at 90° C.
for two minutes, cooled quickly on ice, then loaded onto a
prc—run gel (gel was prerun for approximately 15—20
minutes). The gel was run for "[2 hours at the following
settings: 2500 volts, 40 amps, 30 watts, 40° C. Sequence
analysis was performed with ABI 373A DNA Analysis
software (version 1.0.2). Final sequence was obtained using
ABI DNA Sequence Editor software seqt:‘d""“ (version 1.0)
ARI, Inc.

The entire 1036 hp insert of clone no. 64 was sequenced.
It encoded 936 bp of open reading frame continuing through
the 3 prime end of the insert (corresponding to a polypeptide
with a molecular weight of at least 34,000). Comparison of
the sequence of this clone to available sequence in nucle-
otide sequence data banks revealed that the first 91 bases at
the 5' end of the clone corresponded to the bovine mito-
chondrial genome. Therefore, the 1036 bp insert of clone no.
64 resulted from the ligation of two independent cDNAs
during the construction of this library.

The 400 bp EcoRI fragment of clone no. 76 was
sequenced entirely indicating 81 bp of open reading frame
followed by 298 bases of 3 prime untranslated sequence and
a poly A region.

The lambda gt'10 bovine small intestine cDNAlibrary was
rescreened with an oligonucleotide probe 37A, an exact 33
hp match to the 5' most peptide sequence encoded by clone
no. 64. Two positive clones, no. 22 and no. 23 (FIG. 1) were
isolated through tertiary screens, sttbcloned and sequenced
as for clone no. 64.

Clones no. 22 and 23 contained 2.8 kb and 1.7 kb CDNA

inserts respectively. The 2.8 kb CDNA insert of clone no. 22
predicted a continuous open reading frame of 835 amino
acids between bases 2 and 2506 (corresponding to a 93.2
kDa polypeptide), followed by 298 base of 3" untranslated
sequences and a poly A region.

The lambda gt 10 library was rescreened with probe 19A,
an exact match to the sequence of clone no. 22 correspond-
ing to the 5'—most peptide encoded by that clone, and clone
no.2 was isolated as above. DNA sequence analysis of the
1 kb cDNA insert from clone no. 2 indicated it overlapped
clone no. 22 and extended the 5' end of the bovine eDNA by
100 bases. A composite of the DNAsequetIL:es of clotles Ill].
2 and no. 22 and the predicted translation product is shown
in SEQ. ID. NOS. 1 and 3, respectively.

In summary, sequencing of bovine small intestine CDNA
clones corresponding to the 88 kDa component of MTP
yielded 2900 bp of continuous sequence which encodes an
open reading frame of 860 amino acids followed by a 298 hp
3' noncoding region and a poly A region. The predicted
protein product of this composite sequence is 96.1 kJJa.

I_".XAlVlPl.l_-' 2

DNA Hybridization Analysis of Related Species
Southern hybridization analysis was performed on DNAs

from cow, human, mouse, hamster (Chinese hamster ovary
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or CHO cells), rat, and dog. 10 gig of each genomic DNA
(Clontech} was digested with 140 units of Eco RI (New
England Biolabs) in '1 00 I111. 1xEco RI buffer (New England
Tiiolabs) at 37° C., overnight. Each digestion reaction was
spun at 2,000 rpm in a Ultrafree—MC 10.000 NMWI. filter
unit (no. UFC3 TGC 00 from Millipore) with a molecular
weight cut-off of 10,000, for 30 minutes to reduce the
reaction volume to 50 _uL. The restriction digest reactions
were then subjected to agarose gel electrophoresis through a
0.75% gel in TEA buffer at 80 volts for 3 hours. The agarose
gel was stained with ethidium bromide, photographed, and
then transferred to a nitrocellulose membrane by the method
of Southern.

A Southern hybrdizatiou was performed using the 2.4 kb
Eco RI fragment from the bovine cDNA clone no. 22 as a
probe. Twenty—l'ivc ng of the DNA fragment was labeled
using the Multiprime DNA I_ahelling System (Amersham
Corp, Arlington Heights, 111.) and 50 ;i(.'i of 331’-(1-d(I'l'l’.
Unincorporated 33P was separated from the labeled probe
using a Sephadex G25 spin column as above. The nitrocel-
lulose membranes was prehybrdized in 100 mL hybridiza-
tion huffcr (above) at 37° C. for 2 hours. The hybridization
was performed overnight in 50 ml. fresh hybridization buffer
at 60° C. with l.2>(l07 dpm denatured probe. The membrane
was washed in 500 ml. 'l><SS‘.C, 0.1 ‘Yr; SDS at 65° C. for "I

hour, air—dried, and then exposed to X—ray film at —80° C.
with an intensifying screen for 4 days. The 2.4 kb Eco RI
fragment from bovine clone no. 22 specifically hybridized to
at least two DNA bands in every species tested. Therefore,
it was concluded that the hybridization conditions estab-
lished for the bovine cDNA probe allows detection of
homologous DNAs from other species, such as human,
mouse, hamster, rat and dog.

EXAMPLE. 3

Isolation and DNA Sequence Analysis of cDNA Clones
Encoding the 88 kI}a Component of I-luman MTP
A. Cloning and Sequence Analysis

To obtain the full coding sequence of the 88 kDa com-
ponent of human MTP, a human liver cDNA library was
screened with a bovine MTP CDNA insert described herein

above. The library was obtained from Stratagene. It con-
tained oligo dT primed liver cDNA directionally cloned
(EcoRI to Xhol) into the lambda ZAPvector. The probe was
obtained by digestion of 10 log of bovine intestinal clone no.
22 above in universal buifer (Stratagene] with 50 units of
I.-‘.coRl, electrophoresis at 80-150 volts through a gel con-
sisting of 0.9% low melting point agarose (Bethesda
Research Laboratories, Gaithersburg, Md.), TALE (40 mM
Tris acetate, 1 rr1M EDTA), and 0.5 ,t:g(mL ethidium bro-
mide. The resulting 2.4 Kb fragnlcnt was purified by phenol
extraction as described in Sambrook et al., supra, p. 6.30.
The purified fragment was then radiolahcllcd with a mul-
tiprime DNA labelling kit and alpha 321’ dC'lI’ (Amcrsliatn)
to 109 cpmmg using the manut'ac1urer’s instructions. Unin-
corporated 33]’ was separated from the labeled probe using
a Sephadex G-25 spin column as above.

10° plaques from the library were screened as follows
according to the manufacturers instructions (Stratagene}_ E.
cofi bacteria, strain XI. '1 Blue (Stratagene), were grown
with shaking overnight at 37° C. in 50 ml. LB broth
(Bethesda Research l.aboratories) supplemented with 0.2%
maltose and 10 mM magnesium sulfate. The cells were
sedimented by low speed centrifugation and then resus-
pended in 10 mM magnesium sulfate to an Ol)6w=0.5 and
stored at 4° C. Phage were diluted to a concentration of
50,000 plaque forming unitsl25 ,uL SM buffer. For each
plate, 600 ,uL of bacteria, and 25 ,ul. of phage were mixed
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and incubated at 37° C. for 15 minutes. Top agar (6.5 mL)
consisting of NZY broth (Bethesda Research Laboratories),
0.7% agarose (Bethesda Research Laboratories) preheated
to 50° C., was added to the bacteria and phage mixture, and
then plated onto a "150 mm NZY plate. The top agar was
allowed to solidify and the plates were incubated overnight
at 37° C.

The plates. were then cooled to 4° C. for 2 hours and the
plaques were lifted onto nitrocellulose filters. Duplicate lifts
were performed in which the alignment of the membranes
relative to the plate were recorded by placing needle holes
through the filter into the agar plate. The filters were
incubated 1 minute in 0.5 N sodium hydroxide, 1.5 M
sodium chloride, '1 minute in l M Tris, pH 8.0, 3 M sodium
chloride, and 1 minute in ZXSSC. Filters were then baked at
80° C. in a vacuum chamber for 2 hours. The filters were

incubated for 2 hours at 60° C. in 5 ml. per filter of
hybridization buffer (6><SSC, 20 mM NaP0,,, 2><f)endardts,
0.1% SDS, and 100 ,trgfml.salmon sperm DNA). The buffer
was replaced with an equal volume of hybridization buffer -
containing the probe at a concentration of 3.5><l0° cpm per
filter and incubated overnight at 60° C. The filters were
washed in l)<SSC, [).l% SIJS first at room temperature and
then at 50° C. for 2 hours. Autoradiography revealed 56
positives.

A small plug of agarose containing each positive was
incubated overnight at 4° C. with 1 mL of SM bulfer and a
drop of chloroform. The positive phage were purified by
replating at a low density (approximately 50-500 per l0[l
mm plate), screening and isolating single positive plaques as
described above.

When XLl Blue cells are infected with the ZAP vector

[Stratagene) and coinfected with a helper phage, the blue-
script part of the vector is selectively replicated, cireularized
and packaged into a single stranded phagemid. This
phagemid is converted to a double stranded plasmid upon
subsequent infection into naive XLI Blue cells. The CDNA
insert of the resultant plasmid can be sequenced directly.
Plasmids containing the positive human liver CDNA inserts
were excised in this manner utilizing the helper phage
provided by Stratagene according to the manufacturer’s
directions.

DNA from these clones was purified as follows. Asingle
colony was inoculated into 2 ml. of [B and incubated with
shaking at 37° C , overnight. 1.5 mL of this was centrifuged
and resuspended in 50 grL of LB. 300,rrL of TENS (1><'l'l:L, 0.1
N sodium hydroxide, 0.5% SDS) was added and vortexed
for 5 seconds. l50 gel. of 3 M sodium acetate, pII 5.2 was
added and vortexed for 5 seconds. The samples were then
spurt in a rnicrofuge for 10 minutes. The supernatant was
recovered. 0.9 ml. of ethanol was. added and the samples
were spun in a microfugc for 10 minutes. The pellet was
washed in 70% ethanol, dried, and resuspended ill 20 ,uL of
TE (10 mM Tris pH 74, 1 mM l:'.DTA pH 8).

The DNA front the clones was characterized as follows.

Five rd. of the DNA from each clone were digested with H]
units Eco R], 10 units Xhol, and I0 _rrg RNr\se, and then
fractionated and visualized by electrophoresis through a l‘Z.
agarose, THE [45 mM Tris-Borate, "l mM EDTA), 0.5 lrrg/ml.
ethidium bromide gel. A Southern blot of the gel was
performed as described in Sambrook et al., supra, p. 9.41.
This Southern blot was probed with a fragment of the bovine
cDNA near the 5' end of the coding sequence. This 5' probe
was prepared by digesting 25 gig of bovine intestinal clone
no. 2 above with 50 units l_'LcoRl and 50 units of Nhel,
isolating as above the 376 base pair fragment from a 2% low
melting point agarose, TBE, 0.5 ug.’mL ethidium bromide
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gel, and radiolabelling as described above. The results are as
follows: Clone no. 693, 3.7 kB insert, hybridizes with the 5‘
probe; Clone no. 754, "L2 kB insert, hybridizes with the 5‘
probe; Clone no. 681, 1.8 kB insert, does not hybridize with
the 5' probe.

Overnight cultures containing these three clones were
grown in 200 ml. of LB with l00,rrg,’mI. ampicillin. Large
amounts of plasmid were purified using a Qiagen plasmid
rnaxiprep kit according to the manufacturer’s instructions.
The sequence of clone- no. 693 reveals that it contained two
inserts. The 5" 500 bp insert was homologous to haptoglobin
and will not be discussed furthc-r. This was followed by a
mutant Xhol and an l:lcoRl restriction site (the two sites used
in the directional cloning). The 3' insert was the CDNA of
interest. It contained some 5' untranslated sequence as
indicated by the stop codons in all three reading frames. At
bases 4R—2729 there is an ATG—initiated open reading frame
corresponding to 894 amino acids. The deduced amino acid
sequence begins

M II .I ..'‘\\«''I .H .Cl-"I

(SEQ. ID. NO. 28). The stop codon is found at bases
2730-2732 followed by a 3' untranslated region of 435 bases
and a poly A region. The sequence of clone no. 681
confinrted the 3‘ l768 bases of this clone, and clone no. 754
confirmed bases '1 through 442.
B. Tissue Localization of the 88 kDa mRNA

A Multi'l'issue Northern Blot (Clontech) contained 2 gig
per lane of poly/\‘’ RNA from human heart, brain, placenta,
lung, liver, skeletal muscle, kidney or pancreas. Northern
hybridization was performed as for the genomic Southem
blot. Prehybridization was in 50 ml. hybridization buffer at
37° C. for 2 hours followed by an overnight hybridization in
20 mL fresh buffer at 60° C. with 5,2><'l07 dpm labeled 2.4
kb Eco RI fragment from the bovine intestinal clone no. 22
as above. The Northern blot was washed in 500 ml. 0.2x

SSC, {l.'l"}F.- SDS at 60° (3., '1 hour and subjected to aurora-
diography at —80° C. After a 20 hour exposure to X—ray film
there is a predominant signal in the liver RNA lane at about
4.4 kb and no other detectable hybridization. Therefore,
cross hybridization of the 2.4 kb fragment of the bovine
CDNA detects a human liver RNA specifically. As liver and
intestine are the only two tissues in which significant MTP
activity has been reported, the cloning and northern blot
analysis support the biochemical localization for MTP. Also,
the results of the northern analysis extend this detection to
include I)NA:l-{NA hybrids as well as []NA:[)N/\ interac-trons.

l:lXAMl’Ll:'. 4

I.-‘.xpression of MTP in Iluman Fibroblast Cell I.ine
I. Methods

All standard molecular biology protocols were taken from
Sambrook, supra, except where indicated below. All restric-
tion enzymes used in this example were obtained from
Bethesda Research l.aboratories (URL, Gaithersburg, Md.).
A 3.2 kb fragment extending from nucleotide -64 to 3135
(relative to the translation start site with A of the translation
start site ATG codon designated +1), was constructed from
plasmids p754 (bases -64 to 384) and p693 (bases 385 to
3135) as follows. A 448 bp l_i.coRI-Ncol restriction endonu-
elease fragment and a 2750 bp Ncol-Xhol restriction endo-
nuclease fragment were excised from p754 and p693,
respectively. Following gel purilication, the fragments were
ligated into lLcoRl—Xhol cut plasmid pBluescript—SK to yield
plasmid pBSi’l'1M'I‘P. The entire hMTl’ fragment was isolated
from pBSx‘hM'l'P by restriction endonuelease digestion with
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Hindlll and Xhol and was subeloned into plasmid peDNA/
Neo (Invitrogen,San Diego, Calif.) to yield plasmid pcl'JNA/'
MTP. This places the full-length hMTP coding sequence
under the transcriptional control of the highly active
Cytomegalovirus promoter.

Plasmids were transfected into 15081‘ [J . Biol. Chem. 267,
13229-38 ['l992)] transformed human skin fibroblasts by
the lipofectin reagent (BRL). Cells were split into 100 mm
dishes at a density of 25% of coniluency, 24 hours prior to
transfection. At the time of transfection, 5U_£t_g ofplasmid per
100 mm plate were dissolved in 1.5 mL of serum—[ree
Dulbeec0’s Modified Eagles Medium (DMEM) and added
dropwise to a solution of l20,.trI . lipofcetin reagent in 1.5 ml.
of serum free DMEM. After a 15-minute incubation at room

temperature, the transfection mixtures were added to the
l508T cultures containing 7 ml. of serum free DMEM.
Twenty four hours later, the transfection mixtures were
removed and 10 mt.of fresh IJMEM containing 10% fetal
bovine serum was added for an additional 24 hours. Cells

were scraped from the dish and washed twice with ice cold
phosphate buffered saline (PBS). Cell extracts, M'l‘l’ activity
measurements and Western analyses were carried out as
described in the foregoing “Assay for TG transfer activity in
Abetalipoproteinemic subjects“ herein.
II. Results

The CDNA containing the full coding sequence for MTP
was subcloned into expression vector pcl')N/UNeo, yielding
construct pcDN/\."M'l'P. This plasmid was transiently
expressed in 15081" transformed human skin fibroblasts [J.
Biol. Chem. 267, 13229-38 (1992)] by liposome mediated
transfeetion. Forty—eight hours after transfection, TG trans-
fer activity was readily detectable above baekgrou nd levels
assayed in extracts from cells transfected with the parent
plasmid, peDNAfNe0. Western blot analysis showed the
presence of the the 88 1:13;: component of MTP in cells
transfected with peDNA,r'MTP but not in celLs transfected
with pc1)NAfNe0. A comparison of the protein mass and
activity in the transfected cells to that found in IIepG2 cells
suggests that the expressed MTP was efficiently incoporated
into an active transfer protein complex with l’lJl.

EXAMPLE 5

Screen for Identifying Inhibitors of M'l'l-’
In this screen, the rate of detectably labeled lipid (for

example, NMR, E-SR, radio or lluorescently labeled TG, CE,
or PC) transfer from donor particles (e.g., donor membranes,
vesicles, or lipoproteins) to acceptor particles (e.g., acceptor
membranes, vesicles, or lipoproteins) in the presence of
M'l‘P is measured. A decrease in the observed transfer rate in

the presence of an inhibitor of MTP (e.g., contained in a
natural products extract or known compounds) 111ay be used
as an assay to identify and isolate inhibitors of MTP func-
tion. A variety of assays could be used for this purpose, for
example, the synthetic vesicle assays previously published
by Wetterau & Zilversmit, J. Biol. Client. 259, 10863-0
(1984) or Wctterau ct al., J. Biol. Client. 265, 9800-7 (1990)
or the assay outlined hereinabove in the "Assay for TG
transfer activity in Abetalipoproteinemic subjects.” An
example of one such assay is as follows.
A. Substrate Preparation

In a typical screen using labeled lipoproteins, labeling of
lipoproteins with [311]-'l‘(i is accomplished by the lipid
dispersion procedure described by Morton and Zilversmit
[Morton, R. E. et al., J. Biol, Chem. 256, 1992-5 (1981)]
using commercially available materials. In this preparation,
375 Iflcl of [311] triolein (Triolein, [9,10—3n (N)]—, NL-LN
Research Products, cat. no. Nl:L'l‘—431), 1.5 mg of egg phos-
phatidylcholine and 160 rig of unlabeled trolein in chloro-

50 01' 97

10

I5

30

35

40

45

50

55

60

65

82

form are mixed and evaporated under a stream of nitrogen
to complete dryness. Two ml. of 50 mM Tris—HCl, 0.01 %
Na: EDTA, 1 mM dithiothreitol, pII 7.4, is added and the
tube flushed with nitrogen. The lipids are resuspended by
vortexing and the suspension is then sonieated for two
20-minutes intervals in a bath sonicator. The sonicated lipids
are added to 75 ml. rabbit plasma [Pel-Iireex Biologicals,
Rogers, Aria.) with 5.8 mL of 8.2 mM diethyl p-nitrophenyl
phophalc (Sigma, Cat. No. D9286) and 0.5 mL of 0.4 M
Na2l.iD'l'A, 4% NaN3. The plasma is then incubated under
nitrogen for 16-24 hours at 37° C . Low density lipoproteins
(LDL) and high density lipoproteins (HDL) are isolated
from the incubation mixture and from control plasma which
was not labeled by sequential ultracentrifugation
[Schumalier & Puppion, Metlirxfis l':7rtzy-'rrrr){r)gy 128, 155-170
(l98fi)]. Isolated lipoproteins are dialyxed at 4° C. against
0.9% sodium chloride, 0.01% Na2F'.I)TA, and 0.02% NaN3
and stored at 4° C.

T}. Transfer Assay
In a typical "150 jtl. assay, transfer activity is determined

by measuring the transfer of radiolabeled TG from ['_’I-I]-
Hl)l. (5 gig cholesterol) donor particles to 1.131. (50 _icg
cholesterol) acceptor particles at 37° C. for three hours in 15
mM Tris, pH 7.4, "125 mlVl MOPS, 30 mM Na acetate, "160
mM NaCl, 2.5 mM Na: EDT/\, 0.02% NaN3, 0.5% BSA
with about 50-200 ng purilied MTP in the well of a 96-well
plate. The material to be tested (e.g., natural product extracts
in an assay compatible solvent such as ethanol, methanol or
DMSO (typically, 5 gr]. of material in l0% DMSO is added)
can be screened by addition to a well priorto incubation. The
transfer is terminated with the addition of 10 ,rrL of freshly
prepared, 4° C. heparinr'MnCl1 solution (1.0 g heparin,
Sigma Cat. No. H3393 "187 Ufmg, to 13.9 ml., 1.5 M MnCl_._.
0.4% heparin (187 l.U.)r'0.1 M MnCL_-_) to precipitate the
3lI-'I'ti-I.|Jl. acceptor particles and the plate centrifuged at
800xg. An aliquot of the supernatant from each well con-
taining thc [3Il]—'l‘(j—llDL donor particles is transferred to
scintillation cocktail and the radioactivity quantitated. The
enzyme activity is based on the percentage of TG transfer
and is calculated by the following equation:

1311]-T0‘ recovery L+MT."t
Enzyme activity = 1 — X 100%

I3 I-I]- TC recover)’ l- MTPJ

In such an assay, the percent 't‘G transfer will increase with
increasing MTP concentration. An inhibitor candidate will
decrease the percent TG transfer. A similar assay could be
performed with labeled CE or PC.

EXAMI-’I.I_7 6

Identification and Demonstration of the Activity of MTIJ
Inhibitors
1. Methods
A. Identification of MT? Inhibitors

Using the method outlined in Example 5, MTI’ inhibitor
compoundsA and B were identified. "the assay measured the
bovine MTP—cataly7.ed rate of transport of radiolabeled TG
from donor IIDI. to acceptor I.DI.. In this method, an
inhibitor decreases the rate of radiolabeled TG transfer.

The MTP—inhibiting activity of these compounds was
confirmed in an independent assay following the procedures
outlined in the foregoing "Assay for TG transfer activity in
abetalipoproteinemic subjects.” That assay measured the
bovine MTI-’-catalyzed transport of radiolabeled TC: from
donor to acceptor SU V.
B. Cell Culture
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The human hepatoblastoma cell line, HepG2, was
obtained from the American Type Culture Collection
[Rockville, Md.; ATCC.‘ accession no. 8065). Cultures were
maintained at 37° C. in a 5% carbon dioxide atmosphere in
T-75 culture flasks with 1.2 mL of RPMI 1640 medium

containing 10% fetal bovine serum (all cell culture media
and buffers were obtained from (JIIICO I.ife Technologies,
Gaithersburg, Md.). Cells were subeultured 1:4 once a week
and fed fresh medium 3 times a week.

Experiments to measure the ellects of compounds A and
B on protein secretion were carried out in 48-well plates.
HepG2 cells were subcultured 1:2 and allowed to come to
conliuency at least 24 hours before drug treatment. Before
commencement of drug treatment, culture meditlm was
removed, the cells washed once with PBS and l mI.of fresh
medium was added quantitatively. Compound A was added
to duplicate wells in 10ltd.ofdimcthyIsnlfoxidc (DMSO) to
yield varying compound concentrations. DMSO alone (10
pl.) was used as the negative control. (Note: DMSO at this
concentration has negligible effect on HepG2 cells.) After a
16-hour incubation under standard cell culture conditions,
the plates were centrifuged at 2,500 rpm for 5 minutes at 4°
C. to sediment any loose cells. The media were diluted with
cell culture medium 10 times for the apolipoprotcin B
[apoB) and human serum albumin (IISA) assays, and 20
times for the apolipoprotein Al (apoAl) assays. The oells
were washed twice with cold PBS, and 0.5 mL of homog-
enization bulfcr was then added (0.1 M sodium pltosphate,
pI[ 8.0; (I. 1% Triton X-100). The cells were homogenized by
trituration with a '1 ml. micropipettor, and protein was
measured using the Coomassie reagent (Pierce Chemical
Co, Rockford, III.) as described by the manufacturer.
C‘. ELISA Assays for ApoB and ApoAl and I-ISA

The ELISA assays to measure protein mass were of the
“sandwich"' design. Microtiter plates were coated with a
monoclonal antibody (primary antibody), specific for the
protein of interest (Biodesigns International,
Kennebunkport, Me.), followed by the antigen or sample, a
polyclonal antibody (secondary antibody) directed to the
protein of interest (Biodesigns International), and a third
antibody conjugated to alkaline phosphatase directed to the
secondary antibody (Sigma Biochemical, St.I.ouis, Mo.).
The 96-well microtiter plates (Corning no. 25801) were
coated overnight at room temperature with l00_trI.ofdiluted
monoclonal antibody (final concentrations were 1,ttgtmL, 2
_ng2'mL and 4 gtgfmL for anti—apoB, apoAl and IISA,
respectively, in 0.1 M sodium carbonate—sodium
bicarbonate, pII 9.6 and 0.2 mg,"mI. sodium azide). Coating
was carried out overnight at room temperature. After coating
and between each subsequent incubation step, the plates
were washed five times with 0.9‘i'E- sodium chloride with

0.05% Tween 20. Duplicate aliquots (100 Jul of diluted
culture media or standard (purified apoB, apoAl or HSA
diluted to 03125-320 ng,tmL with cell culture medium)
were added to wells coated with monoclonal antibody.
Following incubation for 1.5 hours at room temperature, the
antigen or sample was removed and the wells washed. The
secondary antibodies were diluted 1:500 in PRS+0.05’Z.
Tween 20 (Buffer III), then 100 gel. was added to each well
and incubated for 1 hour at room temperature. The antibody
was removed and the wells were washed. All secondary
antibodies were polyclonal antisera raised in goat against the
human proteins. A rabbit anti—geat IgG, conjugated to alka-
linephosphatase, was diluted 1: 1000 with Buffer III and 100
_nL was added to each well. 1-‘ollowing incubation for 1 hour
at room temperature, the antibody was removed and wells
washed eight times. The substrate p-nitrophenylphosphate
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(Sigma Biochemical, St. Louis, Mo.) was added at t mg,-’mL
in 0.05 M NaCarbonate—NaBicarbonate, pl-I 9.8+l mM
magnesium chloride. T-‘ollowing a 45-minute reaction at
room temperature, the assay was stopped and the color
stabilized with the addition of 100 |n.L of 0.1 M Tris, ptl
8.0+0.'l M EDTA. The microtiter plates were read at 405 nm
in a V-Max 96-well plate reader (Molecular Devices, Menlo
Park, Calif.)

After subtraction of background, the standards were plot-
ted on a semi—log graph and logarithmic regression was
performed. The equation for the curve was used to calculate
the concentration of apoB, apoAl and HSA. The protein
concentration was normalized to total cell protein yielding
concentrations with units of ngfmlfmg cell protein. Each
drug treatment was performed in duplicate and the results
were averaged. The apoB, apoAl, and IISA concentrations
for each drug treatment were divided by the corresponding
protein concentration in the DMSO control. The results were
plotted as a percentage of control versus the drug concen-
tration.

D. I.ipid Analysis
Hep(i2 cells were subcultured into 6—well dishes and

allowed to come to confluency at least 24 hours before drug
treatment. Prior to addition of the drug, culture media were
removed, cells washed once with PBS, and 1 ml. of fresh
medium (RI-‘Ml l64()+l()% PBS) was added qualitatively.
Compound A was added to duplicate wells in J.(I _.t.t-L of
DMSO to yield varying compound concentrations. DMSO
alone (10 pl.) was used as the negative control. After a
16-hour incubation under standard cell culture conditions,

the media were removed and 1 mL of labeling medium
(RPMI 1640; 16.5 mg.*'mL fatty acid free BSA; 1 mM
sodium olcate; 1 mM glycerol; 5 ,trCifmI. 3H—glycerol
(Arnersham, Arlington Heights, Ill., Catalog no. TRA244)
was added with a second addition of compound A. The
cultures were incubated for 2 hours under standard cell

culture conditions. Media (1 rr1L) were removed to l5—mL
glass tubes and immediately diluted with 2 ml. of ice cold
methanol and 1 mI.of ril-I20. Cells were washed once with

PBS and were processed for total protein measurements as
described in section I-B.

Total lipids were extracted from the media and analyzed
as follows. After addition of 5.0 mL of chloroform and 0.2

ml. of 2% acetic acid, the tubes were vortexed for 1 minute
and centrifuged at 2,000 rpm for 5 minutes to separate the
aqueous and organic phases. The upper aqueous phase was
removed and 3.6 mL of methano1:water (1:1) containing
0.1% acetic acid added. After briefly vortexing, the tubes
were centrifuged as before and the aqueous phase again
removed. The organic phase was qualitatively transferred to
clean 15-ml. glass tubes and the solvent evaporated under
nitrogen. Dried lipids were dissolved in 0.1 ml. of chloro-
form and 30 l(t'l_. of each sample were spotted onto silica gel
60A, 19 channel thin layer chromatography plates
(Whatman). 5—10 gig of TC} in 10 pl. of chloroform were
added as carrier and the plates were developed in hexane-
:diisopropy1ether:aeetic acid (l30:?'0:4, WV]. After drying,
lipid was stained by exposing the plates to iodine. Bands
corresponding to T0 were scraped into scintillation vials.
0.5 ml. of dIl20 and 10 ml. of EcoI.ite (ICN Biomedical)
scintillation fluid were added and the samples vortexed
vigorously. Raw data was normalized to cell protein and
expressed as percent of DMSO control.
II. Results
A. Identification of MTP Inhibitors

The primary screen suggested that compound A inhibited
the MTP-catalyzed transport of ‘ill-TG from IIDL to LDL.
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The ability of compound A to inhibit MTP—catalyzed lipid
transport was confirmed in a second assay which measures
the MTP-catalyzed transport of EH-TG from donor SUV to
acceptor SUV. The ICSO for compoundAis about I _uM (FIG.
10).
B. Inhibition of apoB and TG Secretion

Compound A was administered to IIepG2 cells in a
twofold dilution series ranging from 0.156 to 20 ,uM. After
a 16-hour incubation under standard cell culture conditions,
aliquots of the conditioned media were assayed by ELISA
for apob, apoAl and HSA. ApoB secretion was inhibited in
a dose—responsive manner with an ICSO of 5 ,nM (FIG. 11).
The secretion of apoAl and HSA was unaffected up to the
Inaxiniuni dose of 20 ;rM confirming that the inhibition was
specific for apoB. These data indicate that addition of an
MTP inhibitor to a human liver cell line inhibits the secre-

tion of lipoproteins which contain apoB.
Hep(i2 cells were treated with doses of compound A

ranging from 1.25 ,irM—2U ;.=.M under conditions identical to
those utilized for the apoB, apoAl and IISA secretion
experiment. The intracellular pool of T6 was radiolabelled
for two hours with 31-Lglycerol in the presence of vehicle or
varying doses of compound A. The accumulation of radio-
labelled TC: in the medium was measured by quantitative
extraction, followed by thin layer chromatography analysis
and normalization to total cell protein. DMSO alone was
used as a control. TG secretion was inhibited by compound
A in a dose-dependent manner. The [C50 was observed to be
about 2.0 ,nM, which is similar to the [(350 for inhibition of
apoB secretion (FIG. 12). The data confirm that compound
A inhibits the secretion of TG—rich lipoproteins that contain
apoB.

The foregoing procedures were repeated with compound
B. Compound B inhibits MTP—catalyzcd 3H—TG transport
from donor SUV to acceptor SUV. The [(i_.,[, is about 4 to 6
,nM (FIG. 13). The secretion of lipoproteins that contain
apoB is also inhibited in HepG2 cells by compound B (FIG.
14).

EXAMPLE. 7

Inhibition of MTP—catalyzed CE and PC Transport
I. Methods

To measure the effect of compound A on bovine MTP-
catalyzed transport of CE or PC between membranes, the
lipid transfer assay which measures TG transfer between
SUV was modified. The composition of the donor vesicles
was the same, except 0.35 mol% MC—(.‘l_'l or ”C—PC replaced
the labeled T0. The composition of the acceptor vesicles
were the same, except labeled PC and unlabeled TU were
not included. liollowing precipitation of donor vesicles, the
percentage of lipid transfer was calculated by comparing the
“(T-Cl.-' or -PC in the acceptor vesicles in the supernatant
following a transfer reaction to the total 1"(3—(fI-L or —l’(f in
the assay. The labeled lipid iii the supernatant in the absence
of MTP was subtracted from the labeled lipid in the presence
MTP to calculate the MTP—catalyzed lipid transfer from
donor SUV to acceptor SUV. The remainder of the assay was
essentially as described previously.
II. Results

The ability of compound A to inhibit the MTP-catalyzed
transport of radiolabeled CE and PC‘ between membranes
was also investigated. Compound A inhibited (fli transfer in
a manner comparable to its inhibition of TG transfer. Com-
pound A inhibited PC transfer, but it was less effective at
inhibiting PC transfer than (TE and TC} transfer. Approxi-
mately 4U% of the PC transfer was inhibited at concentra-
tions of inhibitor which decreased TG and CE transfer more
than 80%.
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EXAMPLE 8

Cloning of Bovine MTP—5' End
A bovine small intestinal cDNA library, packaged in

lambda gt10, was obtained from Clontech (#BLl010A). The
library was diluted in SM to contain 50,000 phage,t'1(|0 ;:L (a
'l:'l00,000 dilution). The diluted phage (10U;ii.) were mixed
with 300 hi. E. Coir’ (7600 cells (Clontech) and incubated for
15 minutes at 37° C. After adding 7 mL of top agarose, the
mixture was poured onto a 150 mm plate containing 75 mL
of LB agarose. Atotal of25 plates, each containing approxi-
mately 5x104 phage, were prepared in this manner. The
plates were incubated overnight at 37° C.

To isolate phage DNA, 10 mLSM (no gelatin) was added
to each plate. The plates were then rocked gently at room
temperature for 2 hours. The eluted phage (approximately 8
mI.,=‘plate] were collected and pooled. E. Coli cells were
sedimenterl by centrifngation for 10 minutes at 12 f|00xg.

I.ambda DNA was isolated from the supernatant using the
QIAGEN tip-100 (midi) preparation according to the pro-
tocol supplied by the manufacturer. The purified DNA was
resuspended in a total of 200 IHI. TE ('10 mM Tris.Cl pH 8.0,
1 mM l:‘.|)TA).

1 ug lambda phage DNA (approximately 32<l(l"'
molecules} was added to a 100.14.]. PCR reaction containing
2 mM magnesium chloride, 0.2 mM each deoxynucleotide
triphosphale, l.25xbulTer. and 2.5 units Taq polymerase
(Perkin—Elmer Cetus, kit #N801—05S5). The concentration of
each primer was 0.15 1nM. The sequence of the forward
primer (SEQ. ID. NO. 29) was as follows:

41 EE
GGTCAATRTGRTTCTTCTTGCTGTGC.

The forward primers sequence was based on the human
CDNA sequence encoding bases 41 to 66 of the 88 kDa
component of MTP. The reverse primer (SEQ. ID. NO. 30)
had the following sequence:

658
807

CCCTCCBTBCTRTTTTCCCTCCT

636 {bovine}
785 (human)

The reverse primer's sequence was based on the known
bovine c|)NA sequence encoding the 88 kDa component of
MTP and hybridizes from base 658 to 636 of the bovine
CDNA, which correspond to bases 807-785 of the human
cDNA.

PCR-amplification was conducted in a Perkin-Ijlmer ther-
mal cycler, model 9600. After a two-minute incubation at
97° (.1, the reaction was cycled at 94° L‘. for 30 seconds, 50°
C. for 30 seconds, and 72° C. for one minute for 35 cycles.
A final incubation at 72° (7. for 7 minutes was performed.

The PCR product was electrophoresed on a 1% agarose
gel in TAIL b1IlIer as described previously. The yield of the
desired 766 base pair fragment was approximately 2 gig. The
DNA was excised from the gel, purified using GeneClean
(Biol0l I.a Jolla, Calif.), blunt-ended, cloned into pUC
"I8-Smal (Pharmacia), and sequenced as described previ-
ously.

The new sequence obtained from the bovine cDNA
encoding the 5‘ region of the 88 kDa component of MTP is
shown in SEQ. ID. NO. 5. The sequence adds 83 bases to the
5' end of the bovine cDNA reported previously.

EXAMPLE 9

Sequencing of Human Genomic DNA For the 88 kDa
Component of MTP
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Sequencing of human genomic DNA was carried out by
the procedures described in "Demonstration of a gene defect
in a second abetalipoproteinemic subject” and in Example "I.
The result of this procedure is the human genomic sequence
SEQ. ID. NO. 8.

MTP INIIIBITCJRS

EXAMPLE 10

N—[ 1 —(3,3—Dip her1ylpropyl]—4—piperidinyl]benzamide
monohydrochloride

O

N N

'H(T|

A. [1—(Phenylmethyl]I—4—pipcridinyl]carbamic acid,
'l,1—dimethylcthyl ester

To a solution of 4—amino—l—henzylpiperidine (20.0 g, 105
mmol) in dichloromethane (150 ml.) was added dropwise a
solution of di—Iert—hutyldicarbonate (25.2 g, 116 mmol) in
dichloromethane (50 mL) at 0° C. After addition, the reac-
tion was warmed to room temperature. The reaction was
maintained at this temperature for 2 hours. The reaction was
evaporated to dryness. The resulting residue was recrystal-
lized from ethyl ether to give compound A (23.5 g, 76%) as
a white solid (melting point 11‘)—121° C.).

B. 4—Piperidinylearbamie acid, 1,1—dimethylethyl
ester

A suspension of 64. ‘)4 g (0.224 mol} of compound A and
25.6 ml.(0_447 mol) of acetic acid in 500 ml. of absolute
ethanol was warmed to dissolve all solids. After cooling, 6.5
g (1 wt %) of 10% palladium on charcoal was added and the
mixture was shaken on a Parr apparatus under initial hydro-
gen pressure of 40 psi for 23 hours. The catalyst was
removed by filtration and the solution was concentrated to a
clear oil which was dissolved in 1.5 l. of chlorofonn. Tl1e

organics were washed with a 3 N K01-I solution saturated
with NaCl (2><75 ml .). The aqueous layer was back extracted
with chloroform (5><200 ml.). The combined organics were
dried (sodium sulfate) and concentrated to provide 65 g of
a white solid which was redissolved in 1.5 I. ol‘ chloroform

and washed with brine (2x200) ml. to remove residual
acetate. The combined aqueous layers were back. extracted
and the combined organics were dried (sodium sulfate) and
concentrated to provide 40.15 g (90%) of compound B as a
white solid (melting point 156—159°

C. if—Phenylbenzenepropanol, 4-
methylbenzenesulfonate ester

To a solution of tosyl chloride (4.94 g, 25.9 mmol) in
dichloromethane (10 ml.) was added 3,3-diphenyl-L
propanol (5.00 g, 23.6 mmol) and pyridine (2.86 ml., 35.4
mmol) at room temperature. The reaction was stirred over-
night at room temperature. Ethyl ether (200 mL) was added
to dilute the reaction, and the organic layer was washed with
l N IICl (50 mL><2), saturated sodium carbonate (50 mL><2),
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brine (50 mL><2) and dried over MgSO_,. Purification was
performed by flash chromatography, loaded and eluted with
25% ethyl acetate in hexane. Pure fractions were combined
and evaporated to give compound C (5.2 g, 60%) as a
colorless oil.

D. [1-(3,3-Diphenylpropyl)-4-piperidinyl]carbamic
acid, 1,1—dimetl1ylethyl ester

To a solution of compound C (1.83 g, 5.00 mmol) and
compound I! (1.00 g, 5.00 mmol) in isopropanol (25 ml.)
was added potassium carbonate (1.1 g, 8.00 mmol). The
reaction was refluxed overnight. The reaction was cooled to
room temperature and filtered, and the filtrate was evapo-
rated to dryness. Purification was performed by fiash
chromatography, loaded and eluted with 2.5% methanol in
dichloromethane. Pure fractions were combined and evapo-
rated to give compound D (1.5 g, 76%) as a colorless oil.

E. "l-(3,3-Diphenylpropyl)-4-piperidinamine,
hydrochloride

To a stirred solution of 9.21 g (23.34 mmol) of compound
D in 60 mL of dioxane was added 58 mL (0.223 mol) of a
4.0 M 11C] in dioxane solution. The mixture was stirred for

15 hours then concentrated to provide 8.45 g (100%) of
compound E as a white solid containing 10 wt ‘iii; of dioxane
by 'II NMR, melting point l23—l26° C. A dioxane-free
sample of the hydrochloride salt has a melting point of
192—l94° C.

E. 1‘-l—[1—(3,3—Diphenylpropyl)—4—piperidinyl]
benzamide

'l‘o solution of compound E (100 mg, 0.30 mmol) and
triethylamine (152 mg, 0.33 rnmol) in dichloromethane (2
mL) was added a solution of benzoyl chloride (46.8 mg, 0.33
mmol) in dichloromethane (0.5 mL) at 0° C. After addition,
the reaction was stirred at 0° C. for l0 minutes. The reaction

was diluted with dichloromethane (50 ml _), the organic layer
was washed with saturated sodium bicarbonate solution (10
mL), water (10 mL) and dried over sodium sulfate. 'l'he
solution was evaporated to dryness. The resulting residue
was recrystallized from isopropanol to give compound F
(100 mg, 84%) as a white solid (melting, point '151—15S° C].

G. N—[1—(3,3—1}iphenylpropyl)—4—piperidinyl]
benzarnide, monohydrochloride

Compound I-‘ (100 mg, 0.25 mmol) was dissolved in
ethanol (2 ml.) and l N IICl in diethyl ether (0.5 ml.) was
added. The mixture was evaporated to give Example 10 ("[00
mg, I00‘/72) as a white solid, melting point 246-249” C.

Analysis for CHH3, ClN:U.0.2H2O:

Calc"d C, 73.94; H, 7.22; N, 6.39; Cl, 8.08

liound: C, 73.90; 11, 7.18; N, 6.40; Cl, 8.11
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EXAMPLE n

2-['1-(3,3-Diphenyl-2-propenyl)-4-piperidinyl]-2,3-
dihydro- 1 I l-isoindol- 1 -one, monohydroch loride

©j</:4). —
-110

A. 2-(4—piperidinyl)—2,3—dihydro—1Il—isoindol—1—one

To a solution of compound B from Example 13 (8.5 g,
26.4 mmol) in ethanol (65 ml.) was added acetic acid (3.5
mL, 52.8 mmol), followed by 10% palladium on activated
carbon (0.? g) under argon. 'l1'1e slurry was purged with
nitrogen and agitated under a pressure 0145 psi of hydrogen
gas for 48 hours. The reaction mixture was filtered through
Celite® and washed with ethanol. The filtrate was evapo-
rated to dryness. The resulting residue was dissolved in
chloroform (100 ml.) and washed with I N K0]-I saturated
with sodium chloride (2><30 ml.) and dried over Mg.‘-3(),,.
The resulting clear solution was evaporated to dryness and
azeotroped with toluene (2:-<30 mL) to give compound A(5.0
g, 77%) as a white solid, melting point 137-140” C.

B. 3,3-Diphenyl-2-propen- l-ol

To a solution of [3-phenylcinnamaldehyde (5.0 g, 24.0
mmol) in toluene (100 ml.) was added I M diisobutylalu-
minum hydride (26.4 mL, 26.4 mmol} at 0° C. The reaction
was stirred at 0° C. for 15 minutes, and methanol (5 mL) was
added slowly to quench the reaction. 1M potassium sodium
tartrate solution (150 ml.) was added and the mixture was
stirred at room temperature overnight. The reaction was
diluted with ethyl ether (100 mL), and the organic layer was
washed with brine (30 ml.) and dried over Na2SO,,. Evapo-
ration gave compound B (3.95 g, 80%) as a pale yellow oil.

C. '1-Chloro—3,3—diphenyl—2—propene

To a solution of N-chlorosuccinimide (1.52 g, 11 .4 mmol)
in dichloromethane (40 ml.) was added dimethyl sulfide (1.1
ml., 14.5 mmol) at —40° C. under argon. The reaction was
stirred at -40” C. for 10 minutes then warmed to room

temperature for 30 minutes. The white cloudy solution was
recooled to -40° C, and a solution o 1‘ compound B (2.17 g,
10.3 mmol) in dichloromethane [3 mL) was added dropwise.
The reaction was stirred at -40° C. for 2 hours and then

diluted with hexane (100 ml.). The organic layer was
washed with water [50 mL), brine (50 mL><2) and dried over
Na_3SO,,. Evaporation gave compound C (1.9 g, 81%) as a
colorless oil.

D. 2—[1—(3,3—1Jipheny1—2—propenyl)—4—piperidinyl]—2,
3-dihydro-I ll-isoindol-1-one

To a solution of compound A (1.63 g, 7.56 mmol) and
compound (T(1.90 g, 8.32 mmol) in dimethyllonnamidc (35
ml.), potassium carbonate (1. 10 g, 7.94 mmol) was added at
room temperature. The reaction was stirred at 50° C. over-
night. The reaction was evaporated to dryness. The resulting
residue was dissolved in dichloromethane (150 ml.) and
washed with water (50 mL><2), brine (50 mL><2) and dried
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over MgSO... Evaporation gave a crude solid. Purification
was performed by flash chromatography, loaded and eluted
with 3% methanol in dichloromethane. Pure fractions were

combined and evaporated to give compound D (1.95 g,
63%) as a white solid, melting point '164—1.67° C.

Analysis for (Imll23N20.0.3 ll2():
(.‘alc"d: C, 81.24; H, 6.96; N, 6.77;

Found: C, 81.29; H, 6.88; N, 6.79.

E. 2—[1—(3,3—Diphenyl-2—propenyl)—4—piperidinyl]—2,
3—dihydro—1H—isoindo1—1—one, monohydrochloride

To a solution of compound D (200 mg, 0.49 mmol) in
methanol (2 ml.) was added 1 N II(Tl in ethyl ether (0.5 ml.)
at room temperature. The resulting salt was liltered and
washed with cold methanol [2><0.5 mL). After drying under
high vacuum, Example 11 was obtained (160 mg, 80%) as
a white solid, melting point 23'1—235° C.

Analysis for Cm]-l29ClN2O.0.9 1-I20:

Ca|c"d: C, 72.92; H, 6.73; CI, 7.69; N, 6.07;

Found: (T, 72.99; 11. 6.91; CI, 7.36; N, 6.06.

EXAMPLE 1 2

2-[1-(3,3-Diphenylpropyl)-4-piperidinyl]-2,3-
dihydro-lll-isoindol-1-one, monohydrochloride

die]

A. 2—[1—(3,3—1)iphenylpropyl)—4—piperidinyl]—2,3—
dihydro—1—1l-l—isoindol—'l —one

To a solution of compound A from Example 11 (2.0 g,
9.26 mmol) and compound (7 from lixample '10 (3.40 g, 9.26
mruol) in isopropanol (25 mL) was added potassium car-
bonate (2.05 g, 14.8 mmol). The reaction was refluxed
overnight. The reaction was cooled to room temperature and
filtered, and the filtrate was evaporated to dryness. Purifi-
cation was performed by flash chromatography, loaded and
eluted with 2.5% methanol in dichloromethane. Pure frac-

tions were combined and evaporated to give compound A
(2.82 g, 74%] as a colorless oil.

B. 2-[1-(3,3-Diphenylpropyl)-4-piperidinyl]-2,3»
dihydro—1ll—isoindol—1 —one, monohydrochloride

Compound A (1.0 g, 2.44 mmol) was dissolved in metha-
nol (7.0 mL). 1 N lICl in ethyl ether (4.88 mL, 4.88 mmol)
and stirred at room temperature overnight. The reaction was
evaporated to dryness. The resulting residue was recrystal-
lized from ethanol to give Example 12 (700 mg, 6895.) as a
white solid, melting point 237—241° C.

Analysis for C2,.H3,ClN2O.0.6H:0:

(?alc"d.' (T, 73.46; ll, 7.09; N, 6.12;

Found: C, 73.32; II, 7.20; N, 5.96.
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EXAMPLE 13

2,3—Dihydro—2—['1—(phenylmethyl)—4—pipcridinyl]—'ll-I-
isoind0l—1—one, monohydrocllloride

©;‘?©~<@

A. 2—[1—(l’henylmet11y1)-4—piperidinyl]—1H—isoindol—
1,3(2Il]-dione

Amixture of phthalie anhydride (15.0 g, 101 mmol) and
4—amino—1—benzylpiperidine (19.3 g, 101 mmol) was heated
with stirring in an oil bath until the mixture melted (about
125° C). The reaction was kept at this temperature until the
mixture solidified again (about 30 minutes). The reaction
was cooled to room temperature. Purification was performed
by flash chromatography on 1 kg silica gel, loaded and
eluted with 30% ethyl acetate in hexane. Pure fractions were
combined and evaporated to give compound A (25 g, 77%)
as a white solid, melting point l51—154° C.

B. 2,3-Dihydro-2-[1-(phenylmcthyl)-4-piperidi11yl]-
1H—isoi11dol—1—une

To a solution ofcompound A(20.0 g, 62.5 mmol) in acetic
acid (248 ml.) was added zinc dust (28.6 g, 438 mmol) under
argon. With mechanical stirring, the reaction was refluxed
overnight. The reaction was filtered through Celite, then
evaporated to dryness. Dichloronietliane (500 ml.) was
added, and the organic layer was washed with saturated
sodium bicarbonate (2>< 100 mL), brine (100 mL) and dried
over MgS0,,. Evaporation gave a crude oil. The resulting
residue was azeotroped with toluene (2x30 mL) to a[[ord a
white solid. The product was recrystallized from isopro-
panol to give compound 13 (16 g, 80%) as a white solid
[melting point 130—l33°

(T. 2,3-Dihydro-2-[1-(phenylmethyl)-4-piperidinyl]-
lH—isoi11dol— 1 —one, monohydrochloride

Compound B (200 mg, 0.62 mmcl) was dissolved in
ethanol (3 ml.) and 4 N HCl in dioxanc ('1 ml.) was added.
After 2 minutes at room temperature, a white solid precipi-
tated. The solid was liltered and pumped under high vaccum
to give Example 13 ('1 20 mg, 60%) as a white solid, melting
point 27l—274° (T.
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EXAMPLE 14

2,3-Dihydro-2-[I -(3-phenylpropyl)-4-piperidinyl]-
11 l-isoindol- 1-one, monohydrochloride

Ofiflccqj
-1111

A. 2,3—Dihydro—2—[1—(3—phenylpropyl)—4—
piperidinyl]—l I I—is0indol— 1 —o ne

To a solution of compound A from Example 11 (300 mg,
1.39 mmol) in dimethylformamicle (8 ml.) was added
1-bromo-3-phcnylpropane (276 mg, 1.39 mmol, Aldrich)
and potassium carbonate (201 mg, 1.46 mmol) at room
temperature. The reaction was stirred at room temperature
for 30 minutes, then the reaction was heated to 50° C. for 4

hours. The reaction was cooled to room temperature.
Diehloromcthane (100 mL) was added to dilute the reaction,
and the organic layer was washed with water (50 mLx2),
brine (50 ml.x2) and dried over magnesium sulfate. Evapo-
ration under reduced pressure gave a crude oil. Purilicatioli
was performed by flash chromatography on silica gel (50 g),
loaded and eluted with 0.5% methanol in dichloromethane

(1.5 L) then 1.2% methanol in dichloromethane (1.0 L). Pure
fractions were combined and evaporated to give compound
A (400 mg, 84%) as a colorless oil.

B. 2,3-Dihydro-2-[1-(3-phenylpropyl)-4-
piperidinyl]—1H—isoindol—l—one, monohydrochloridc

Compound A(400 mg, 1 .20 mmol) was dissolved in 20%
methanol in ethyl ether (2 ml.). A solution of 1 M l[(Tl in
ethyl ether (4 mL, 4.0 mmol) was added. The IICl salt
precipitated and was filtered and washed with ethyl cther.
The resulting solid was dried under high vacuum at 60° (T.
overnight to give Example 14 (320 mg, 80%) as a white
solid, melting point 229—231° C.

Analysis for (I2:ll2,(IlN2O:on

Analysis for C2[,H2_.,N2OCl.0.8 H20:
Calc"d.' C, 71.24; 11, 7.34; N, 7.55; Cl, 9.56;

Ca.lc’d. C, 67.22; 11, 6.94; N, 7.84; 6‘

Found: C, 66.99; II, 7.05; N, 8.07. Found: C, 70.96; 11, 7.42; N, 7.60; Cl, 9.63.
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EXAMPLE 15

2-[1-[5,5-Dipheny[pentyl)-4-piperidinyl]-2,}
dihydro-lll-isoindol-1-one, monohydroch loride

311.53%!‘
-Hct

A. [3—Phenylbenzenepropanal

To a solution of oxalyl chloride (2.0 M in
dichloromethane, 1,53 mL, 30.7 mmol) in diehloromethane
(100 ml.) was added dropwisc a solution of dimethyl
sulfoxide (4.35 ml., 61.4 mmol) in dichloromcthanc (9 ml.)
at —70° C. After addition, the reaction was stirred at —70° C.
for 30 minutes, then a solution of 3,3—diphenyl—'| —propano|
(5.0 g, 23.6 mmol) in dichloromethane {'10 ml.) was added
dropwise. The reaction was stirred at -70° C. for I hour.
Triethylamine (27 ml_, 141 mmol) was added and the
reaction mixture was warmed to room temperature. Ethyl
ether (300 ml.) was added to dilute the reaction, the organic
layer was washed with water (22<l00 ml.), 1 N II(.'l (2x100
mL), saturated sodium bicarbonate solution (2><100 mL),
brine (2><100 mL) and dried over MgSO4. Evaporation gave
compound A (5.0 g, 100%) as a yellowish oil.

B. (E)-5,5-Diphenyl-2-pentenoic acid, ethyl ester

To a suspension of sodium hydride (1.14 g, 28.6 mmol) in
tetrahydrofuran (50 ml.) was added dropwise a solution of
triethyl phosphonoacetate (6.13 ml., 30.9 mmol) in tetrahy—
drofurztn (5 ml.) at 0° C. 'l1'te reaction was stirred at room
temperature for 20 minutes (the solution is clear) then
recooled to —78° C. A solution of compound A (5.0 g, 23.8
mmol) in tetrahydrofuran (5 ml.) was added dropwise. The
reaction was warmed to room temperature and quenched
with saturated ammonium chloride solution (5 ml.). Ethyl
ether (200 ml.) was added to dilute the reaction, and the
organic layer was washed with water (2><50 mL), brine
(2x50 ml.) and dried over MgS(],,. Evaporation gave a crude
oil. Purification was performed by flash chromatography on
250 g silica gel, loaded and eluted with 6% ethyl acetate in
hexane. Pure fractions were combined and evaporated to
give compound B (5.0 g, 75%) as a colorless oil.

C. (1:‘)—5,5—Dipheny1—2—penten—1—ol

To a solution of compound B (4.97 g, 17.8 mmol) in
toluene (30 ml.) at 0° C. was added dropwisc diisohutyl
aluminum hydride (1.0 M in toluene) (39.1 ml., 39.] mmol).
The reaction was stirred at 0° C. for 1 hour. The reaction was

quenched with methanol (5 ml.]. Potassium sodium tartrate
solution ('1 M, 200 ml.) was added, and the reaction mixture 6
was stirred for 3.5 hours. Ethyl ether (200 ml.) was added,
and the organic layer was washed with water (2x50 ml.),
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brine (2><50 mL) and dried over MgS0_,. Evaporation gave
a crude oil. Purification was performed by flash chromatog-
raphy on 300 g silica gel, loaded and eluted with 20% ethyl
acetate in hexane. Pure fractions were combined and evapo-
rated to give compound C as a colorless oil (3.6 g, 85%).

I). (E)-1-(Thloro-5,5-diphenyl-2-pentene

To a solution of N-chlorosuccinimide 2.22 g, 16.6 mmol)
in dichloromethane (50 ml at -40” C. was added dropwise
methyl sulfide (1.55 mL, 21.1 mmol). The reaction was
stirred at -40° C. for 10 minutes then warmed to room

temperature for 30 minutes. The reaction was recooled to
-40“ C7,, and a solution of compound C (3.6 g, 15.1 mmol)
in dichloromethane (5 ml.) was added dropwise. The reac-
tion was stirred at -40° C. for 2 hours then warmed to room

temperature for 30 minutes. Hexane (300 mL) was added to
dilute the reaction and the organic layer was washed with
water (2x50 ml.), brine (2><50 ml.) and dried over MgS0,,.
Evaporation gave compound D (3.4 g, 87%) as a colorless
oil.

E. (E)-2-[1-(5,5-Diphenyl-2-pentenyl)-4-
piperidinyl]—2,3—dihydro—1H—iseindol—1—one

To a solution of compound A from Example 11 (800 mg,
3.70 mmol) in dimethylformamide (20 ml.) was added
compound D (952 mg, 3,70 mmol) followed by anhydrous
potassium carbonate (536 mg, 3.89 mmol). The reaction was
stirred at 50° C. for 3 hours. The reaction was cooled to room

temperature. Ethyl acetate (100 mL) was added to dilute the
reaction, and the organic layer was washed with water (2><50
ml .), brine (2:-<50 ml and dried over Na:S()4. Evaporation
gave a crude oil. Purification was performed by flash chro-
matography on 100 g of silica gel, loaded and eluted with
2% methanol in dichloromethane. Pure fractions were com-

bined and evaporated to give compound 1:". (1.0 g, 62%) as
a white solid (melting point '136—1=1'l° C).

F. 2-[1-(5,5-Diphenylpentyl)-4-piperidinyl]-2,3-
dihydro-1ll-isoindol-1-one

To a solution of compound E (500 mg, 1.36 mmol) in
ethanol (10 111L) was added 10% palladium on activated
carbon (50 mg) under argon at room temperature. A hydro-
gen balloon was connected to the solution. Hydrogenation
was maintained overnight. The reaction was filtered through
(elite, and the filtrate was evaporated to dryness. Purifica-
tion was performed by [lash chromatography on 100 g silica
gel, loaded and eluted with 2.5% methanol in dichlo-
romethane. Pure fractions were combined and evaporated to
give compound 1-‘ (400 mg, 80%) as a white solid, melting
point 121-124‘) (T.

G. 2-[1 -(5,5 -Diphenylpentyl )-4-piperidinyl]-2,3-
dihydro-lll-isoindol-1-one, monohydrochloride

Compound l~‘(40(l mg, 0.91 mmol) was dissolved in 20%
methanol in ethyl ether (2 ml..). A solution of 1 M 1[Cl in
ethyl ether (4 ml., 4.0 mmol) was added. The HCl salt
precipitated and was filtered and washed with ethyl ether.
The resulting solid was dried under high vacuum at 60° (T.
overnight to give Example 15 (320 mg, 80%) as a white
solid (melting point 208-21 1° C.).

Analysis for C3,_,l135 ClN:,_O:
Calc"d: C, 75.85; 11, 7.43; N, 7.90; Cl, 7.46;

Found: C, 75.54; 11, 754; N, 7.82; Cl, 756.
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EXAMPLE 1o‘

N-['1-(3,3-Diphenylpropyl)-4-piperidinyl]
cyclohexane-carboxamide, monohydrochloride

5

H
N: r (j ..0 N

'HCl
15

A. N—[1—(3,3-1)iphenylpropyl)—4—piperidinyl] '30
cyclohexanecarboxamide

To a stirred solution (11405 r11g(1.22 mmol) ofcornpourrd
E from Example '10 and 7 mg (5 mol %) of
4-dimethylaminopyridine in 8 mL of methylene chloride at
0° C. under argon was added 171 get. (1.28 mmol) of
cyclohexylcarbonyl chloride. After warming to room
temperature, the mixture was stirred for one hour and diluted
with methylene chloride and water. The organics were
separated, and the aqueous layer was basilied with l M K01]
and extracted with methylene chloride. The combined
organics were dried (sodium sulfate) and concentrated to
provide a yellow solid which was dried under high vacuum.
The crude product was pu rifled by flash chromatograghy on
silica gel (80 g eluted with 9:1 methylene chloride!
methanol. Pure fractions were combined and concentrated to

yield 438 mg (88%) of compound A as a clear, glassy solid.

30

35

B. N-['1-(3,3-Diphenylpropyl)-4-piperidinyl]
cyclohexane—carboxamide, monohydroclrloride

To a solution of 430 mg (1.[I6 mmol) of compound A in 4”
4 ml. of methylene chloride was added 2.12 ml.(2.12 mmol)
of a 1.0 M solution of hydrogen chloride in diethyl ether.
The opaque white solution was concentrated and dried under
vacuum to provide 375 mg (76%) of Example [6 as a white
solid, melting point greater than 250° C. 45

Analysis for (T,2.,lI3.,N2()Cl:
CalCd.: C, 73.53; 11, 8.46; N, 6.35;C‘1, 8.04;

Found: C, 73.38; H, 8.52; N, 6.16; Cl, 7.97.
50

EXAMPLE "[7

2-[1-(3-l3utylhepty1)-4-piperidinyl]-2,3-dihydro-1II-
isoindol—1—one, monohydrochloride

55
O

.[.[;'__‘] 60

A. 3-Butyl-2-heptenoic acid, ethyl ester

To a suspension of sodium hydride (60% in mineral oil) 65
(1.01 g, 25.3 mmol) in tetrahydrofuran (40 ml.) was added
dropwise a solution of triethyl phosphonoacetate (5.44 ml.,
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27.4 mmol) in tetrahydrofuran (5 mL) at 0° C. The reaction
was warmed to room temperature and stirring was continued
until the solution was clear. The reaction was recooled to

—78‘’ C, a solution of S—r1onanone (3.0 g, 21.1 mmol) in
tetrahydrofuran (5 mL) was added dropwise. The reaction
was stirred at —78° C. for 1 hour. The reaction was warmed

to room temperature and quenched with saturated ammo-
nium chloride (5 mL). Ethyl ether (200 mL) was added to
dilute the reaction, and the organic layer was washed with
water (2><50 mL), brine (2><50 mL) and dried over magne-
sium sulfate. Purification was performed by flash chroma-
tography on 400 g silica gel, loaded and eluted with 15%
ethyl acetate in hexane. Pure fractions were combined and
evaporated to give compound A (1 .63 g, 37%) as a colorless
oil.

B. 3—Butyl—2—hepten—1—ol

To a solution of compound A (1.63 g, 7.69 mmol) in
toluene (20 ml.) at 0° C. was added a solution of diisobu-
tylaluminum hydride (1 M SOl‘LIi0t'1 in toluene, 16.9 mL,
16.9 mmol). The reaction was stirred at room temperature
for '10 minutes and quenched with methanol (5 ml Potas-
sium sodium tartrate solution (1 M, 100 ml.) was added, the
mixture was stirred overnight. Ethyl ether (100 ml.) was
added, and the organic layer was washed with water (2><50
ml.), brine (2><50 ml.) and dried over magnesium sulfate.
Evaporation gave compound ll (1.30 g, 99%) as a colorless
oil.

C. 3—Butyl—2—hepten—1—yl chloride

To a suspension of N-chlorosuoeinimide (1.12 g, 8.42
mmol) in diehloromethane (20 ml.) at —40° C. was added
dropwise a solution of methyl sulfide (0.79 mL, 10.7 mmol)
in dichloromethane (1 ml After addition, the reaction was
warmed to room temperature for 30 minutes. The reaction
was recooled to —40° (7., and a solution of 3 (1.3 g, 7.65
mmol) in dichloromethane (2 ml.) was added. The reaction
was stirred at —40° C. for 2 hours and warmed to room

temperature. llexane (150 mL) was added to dilute the
reaction, and the organic layer was washed with water (2><50
mI.), brine (2><50 ml.) and dried over magnesium sulfate.
Evaporation gave compound C (860 mg, 60%) as a cololess
oil.

D. 2-[1-(3-13utyl-2-hepteny1)-4-piper‘idinyl]-2,3-
dihydro—1H—isoindol— 1 —one

To a solution of compound A from Example 11 (974 mg,
4.51 mmol) in dimethylformamidc (14 mL) was added a
solution of compound C [850 mg, 4.51 mmol) in dimeth-
ylformamide (2 1'11.l_.) followed by anhydrous potassium
carbonate (653 mg, 474 mmol). The reaction was stirred at
50° C. for 3 hours. The reaction was cooled to room

temperature. Ethyl acetate (100 ml.) was added to dilute the
reaction, and the organic layer was washed with water (2x5tI
ml.), brine (2x50 ml.) and dried over magnesium sulfate.
Evaporation gave a crude oil. Purification was performed by
[lash chromatography on 100 g of silica gel, loaded and
eluted with 29% methanol in dichloromethane. Pure fractions

were combined and evaporated to give compound D (1.13 g,
68%) as a cololess oil.

Li. 2-[1-(3-Butylheptyl)-4-piperidinyl]-2,3dihydro-
1II-isoilidol-1-one

To a solution of compound D (500 mg, 1,36 mmol) in
ethanol (10 mL) was added 10% palladium on activated
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carbon [50 mg) under argon at room temperature. Argon on
the reaction was replaced by hydrogen. A hydrogen balloon
was connected to the solution. Hydrogenation was main-
tained overnight. The reaction was filtered through Celite,
and the filtrate was evaporated to dryness. Purification was
performed by flash chromatography on 100 g silica gel,
loaded and eluted with 3.5 5'13 methanol in dichloromethane.

Pure fractions were combined and evaporated to give com-
pound F (480 mg, 95%) as a waxy solid.

F. 2—['l—[3—Rutylheptyl)—4—piperidiny|]—2,3—dihydro—
lII—isoindol—1—one, monohydrochloride

Compound E (480 mg, 1.30 mmol) was dissolved in 20%
methanol in ethyl ether (2 mL). Asolution of 1 M HCl in
ethyl ether (4 ml., 4.0 mmol) was added. The I-[Cl salt
precipitated and was filtered and washed with ethyl ether.
The resulting solid was dried under high vacuum at 60° (3.
overnight to give Example 17 (300 mg, 62%) as a white
solid (melting point 185-187“

Analysis for C.;.,H39ClN.;O+(|.5 H20:
Caltfd: c, 69.29; H, 9.09, N, 0.73, (:1, 8.52;

Found: C, 69.17; H, 9.75; N, 6.88; Cl, 8.91.

EXAMPI .E '18

N—[1—(3,3—T)iphenylpropyl)—4—piperidiny]]|)en7ene
acetamide, monohydrochloride

[i
N

N

'HCl

0

A. N—[1—[3,3—1Jiphenylpropyl}—4—piperi(|iny1]
henzeneacetam ide

To a stirred solution of 420 mg(1.27 mmol) ofeompound
E from Exaiitple 10 iii 8 mL of methylene chloride at 0° C.
under argon was added 308 ;tl.(3.8l mn1ol)ol‘pyridine and
176 ,uL (1 .33 mmol) of phenylacetyl chloride./\[ter warming
to room temperature, the mixture was stirred for one hour
and diluted with methylene chloride and water. The organics
were separated, and the aqueous layer was basilied with 1 M
K011 and extracted with methylene chloride. The combined
organics were dried (sodium sulfate) and concentrated to
provide a yellow oil which was dried under high vacuum.
The crude product was purified by flash chromatography on
silica gel (80 g) eluted with 98:2 methylene chloride!
methanol. Pure product fractions were combined and oom-
centrated to provide 366 mg of a yellow solid, which was
further purified by recrystallization from methanol to afford
214 mg (41%) of compound A as white needles, melting
point ]4l—l43° (T. (decomp.].

B. N—[1—(3,3—Diphenylpropyl)piperidinyl]benzerte
acetamide, monohydrochloride

To a solution of 214 mg (0.52 mmol) of compound A in
4 mL of methylene chloride was added 0.77 mL (0.77 mmol)
of a 1.0 M solution of hydrogen chloride in diethyl ether.
The opaque white solution was concentrated to a white solid
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which was purified by recrystallization from methanol and
dried under vacuum to provide 194 mg (83%) offixample 18
as a white solid, melting point 109—1l5° (I. (decomp.).

Analysis for CmII3_,,N2OCl+0.94 I120:

(Ialc"d: C, 72.19; 1], 7.54; N, 6.01; Cl, 7.61;

Found: C, 72.03; 11, 7.58; N, 6.17; Cl, 7.60.

EXAMPLE 1‘)

N—[l —(3,3—Diphenylpropyl)—4—piperidinyl]pentamidc,
monohydrochloride

WED?.m Q

A. N-['1-(3,3-Diphenylpropyl)-4-piperidinyl]
pentamide

To a stirred solution of 385 mg (1.16 mmol) of compound
E from Example 10 and 7 mg (5 mol ol'
4—dimethylamir1opyridine in 8 ml. of methylene chloride at

0° C. under argon was added 14? ;'IL (1.22 mmol) of
cyelohexylcarhonyl chloride. After warming to room

temperature, the mixture was stirred for one hour and diluted
with methylene chloride and water. The organic layers were
separated, and the aqueous layer was hasified with 1 M K011
and extracted with methylene chloride. The combined

organic layers were dried (sodium sulfate) and concentrated
to provide a yellow solid which was dried under high
vacuum. The crude product was purilied by Ilash chroma-
tography on silica gel (75 g) eluted with 95:5 methylene
chloride,=’mell'tanol. Pure lractions were combined and con-

centrated to yield 334 mg (76%) of compound A as a clear,
glassy solid, meting point 126-128" C.

B. N-[1-(3,3-Diphenylpropy1]-4-piperidinyl]
pentamide, monohydrochloride

To a solution of 319 mg (0.84 mmol) of compound A in
4 mLofmeIh_v1ene chloride was added 1.68 mL (1.68 mmol)
ofa 1.0 M solution of hydrogen chloride in diethyl ether and
the heterogeneous mixture was stirred for thirty minutes.
The resulting precipitate was filtered, washed with ether, and
dried under vacuum to provide 327 mg (72%) of Example 19
as a yellow solid, melting point l89—19l° C.

Analysis for (I25ll_.,5N2()Cl+[].3 I120:

Calc"d: C, 71.41; 11, 8.54; N, 6.66; Cl, 8.43;

Found: C, 71.56; 11, 8.46; N, 6.51; Cl, 8.66.
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EXAMPLE 20

(E)-2,3-Dihydro-2-[ 1-[3 -(2-phenoxyp11enyl)-2-
propenyl]-4-piperidinyl} 1 ll-isoindol-1-one,

monohydrochloride

A. 2—l’l1enoxyhenzencmethano]

To a solution of 2—phenoxybenzoic acid (5.0 g, 23.3
mmol) in tetrahydrofuran (50 mL) was added dropwise at 0°
C. lithium aluminum hydride solution (1 M in
tetrahydroluran, 23.3 mL 23.3 mmol}. The reaction was
warmed to room temperature and stirring was continucd for
8 hours. The reaction was quenched with methanol (5 mL),
and 1 M potassium sodium tartrale solution (100 ml.) was
added. The mixture was stirred at room temperature over-
night. Ethyl cthcr (200 ml.) was added, and the organic layer
was washed with water (2)<50 ml.), brine (2x50 ml.) and
dried over magnesium sulfate. Evaporation gave compound
A (4.65 g, 99%) a colorless oil.

B. 2-Phenoxybenzaldehyde

To a solution of oxalyl chloride (2.0 M in
dichloromethane, 15.1 ml., 30.3 mmol) in dichloromethane
(100 mL) at —7"0° C. was added dropvvisc a solution of
dimethyl sulfoxide (4.25 mL, 60.6 mmol) in dichlo-
romethane (5 mL). After addition, the reaction was stirred at
-70” C. for 30 minutes, then a solution of compound A(4.65
g, 23.3 mmol) in dichloromethane (10 mL) was added
dropwise. The reaction was stirred at -70° C. For "I hour.
Triethylamine (27 mL) was added and the reaction mixture
was warmed to room temperature. Ethyl ether (300 ml.) was
added to dilute the reaction, and the organic layer was
washed with water (2x100 ml.), 1 N ll(.‘l (2><lU0 rnl.),
saturated sodium bicarbonate solution (2>< 100 mL) and brine
[2><100 ml.) and dried over MgS0,,. Evaporation gave
compound 13 as a yellowish oil (4.63 g, 10119?-).

C. [E)-3—(2—Phenoxyphenyl]—2—propenoic acid, ethyl
65101’

To suspension of sodium hydride (1.12 , 28.1 rnmol) in
tetrahydrofuran (50 mL) was added dropwise a solution of
triethyl phosphonoacetate (6.04 mL, 30.4 mmol) in tetrahy—
droluran (5 ml.) at 0° C. Then the reaction was stirred at
room temperature for 20 minutes (the solution was clear).
The reaction was rccooled to —78° C., and a solution of
com poundA(4.63 g, 23.4 mmol) in tctrahydroluran (5 mL)
was added dropwise. The reaction was warmed to room
temperature and quenched with saturated ammonium chlo-
ride solution (5 ml.). Ethyl ether (200 ml.) was added to
dilute the reaction, and the organic layer was washed with
water (2)<50 ml.), brine (2)60 ml.) and dried over MgS(),,.
Evaporation gave a crude oil. Purification was performed by
flash chromatography on 500 g silica gel, loaded and eluted
with 10% ethyl acetate in hexane. Pure fractions were
combined and evaporated to give compound C (6.0 g, 96%)
as a colorless oil.
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D. (E)—3—(2—Phenoxyphenyl)—2—propenol

To a solution of compound C (2.5 g, 9.33 mmol) in
toluene at 0° C. was added dropwise a diisobutyl aluminum
hydride (1.0 M in toluene) (20.5 ml_, 205 mmol] solution.
The reaction was stirred at 0° C. for 1 hour. The reaction was

quenched with methanol (5 ml.). 1 M potassium sodium
tartrale solution (100 mL) was added, and the reaction
mixture was stirred for 3.5 hours. Ethyl ether (200 ml.) was
added, and the organic layer was washed with water (2><50
mL), brine (2><50 mL) and dried over MgS0+. Evaporation
gave a crude oil. Purilieation was perlonned by flash chro-
matography on 300 g silica gel, loaded and eluted with 20%
ethyl acetate in hexane. Pure fractions were combined and
evaporated to give compound 1) (1.85 g, 88%) as a colorless
oil.

E. (E)-1-(3-Chloro-1-propenyl)-2-phenoxybenzene

To a solution of N—chlorosnccinimide ("I .1 '1 g, 8.33 mmol)
in dichloromethane (20 mL) was added dropwise methyl
sullide (0.78 ml., 10.6 mmol) at —40° (T. The reaction was
stirred at —40° C. for 10 minutes then warmed to room

temperature for 30 minutes. The reaction was recooled to
-40° (3., and a solution of compound 1) (1.71 g, 7.57 mmol)
in dichloromcthane was added dropwise. The reaction was
stirred at -40° C. for 3 hours, then warmed to room
temperature for 30 minutes. llexane (100 mL) was added to
dilute the reaction, and the organic layer was washed with
water (2x50 ml.), brine (2><50 ml.) and dried over MgS(],,.
I£.v:1poration gave compound E. (1.72 g, 93%) as a colorless
oil.

F. (E)-2,3-Dihydro-2-[1-[3-(2-phenoxyphenyl)-2-
propenyl]—4—piperidinyl]—'1H—isoindol—1 —one

To a solution ol‘ compound A from Example 11 (0.88 g,
4.09 mmol) in dimethylformamide ('10 ml.) was added a
solution of compound E (1.0 g, 4.09 mmol] in dimethylfor—
rnamide (2 ml.) followed by potassium carbonate (592 mg,
4.29 mmol). The reaction was stirred at 50° C. for 14 hours.
The reaction was cooled to room temperature. lzithyl ether
(100 mL) was added to dilute the reaction, and the organic
layer was washed with water (2><50 mL), brine (2><50 mL)
and dried over MgS0,,. Evaporation gave a crude oil.
Purification was perlormed by llash chromatography on 150
g silica gel, loaded and eluted with 2% methanol in dichlo-
romethane. Pure fractions were combined and evaporated to
give compound 15 (1.1 g, 63%) as a colorless oil.

G. (E}—2,3—Dihydro—2—['l —[3—(2—phenoxyphenyl)—2—
propeuyl]-4-piperidiI1yl]-1H-isoindol-1-one,

monohydrochloride

To a solution of compound F (500 mg, 1.15 mmol) in
ethyl ether:methanol (2 ml., 5:1) was added I M llCl in
ethyl other (1.5 ml., 1.5 mmol). The HCI salt precipitated
from the solution. The salt was filtered and dried at 60° C.

under vacuum to give Example 20 (300 mg, 55%) as a white
solid, melting point 2l5—2l8° (7.

Analysis for (Iwll:._.,(IlN:._()3:

Calc"d: C, 72.95; H, 6.34; N, 6.08; Cl, 7,69;

liound: C, 72.49; ll, 6.39; N, 6.04; Cl, 7.37.
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EXAMPLE 21

2,3-Dihydro-2-[1-[3-(2-metItoxyphenyl)propyl]-4-
piperidinyl]-1ll-isoindol-1-one, monohydrochloride

@6543

A. 2-Methoxybenxenepropanol

(:11,
0/

°H(.‘l

To a solution of 3—(2—methoxyphenyI)propicnic acid (2.0
g, 11.1 mmol) in tetrahydrofnran (25 ml.) was added drop-
wise at 0° C. lithium aluminum hydride solution (1 M in
tetrahydrofuran, 11.1 mL, 11.1 mmcl). The reaction was _
warmed to room temperature and stirring was continued
overnight. The reaction was quenched with methanol (5
ml.), and 1 M potassium sodium tartrate solution (100 ml.)
was added. The mixture was stirred at room temperature
overnight. Ethyl ether (200 ml.) was added, and the organic
layer was washed with water (2:<50 nrl.), brine (2><50 ml.)
and dried over magnesium sulfate. Evaporation gave com-
pound A (1.5 g, 81%) as a colorless oil.

B. 1-(3-Bromopropyl)-2-methoxybenzene

To a solution of compound A (620 mg, 3.73 mmol) and
triphenylphosphinc (1.08 g, 4.1 1 mmol) in dichloromethane
(10 mL) was added N—bromosuecinimide (731 mg, 4.11
mmol) at 0° C. The reaction was stirred at 0° C. for 2 hours.
Dichloromethane (100 ml.) was added to dilute the reaction,
and the organic layer was washed with water (2><50 mL),
brine [2><5[l ml.) and dried over MgS(),,. Purification was
performed by flash chromatography on 100 g silica gel,
loaded and eluted with 10% dichloromethane in hexane.

Pure fractions were combined and evaporation to give
compound B (582 mg, 68%) as a colorless oil.

C. 2,3—Dihydro—2—[1—[3—(methoxyphenyl)propyl]—4—
piperidinyl]-1lI-isoindol- l-one

To a solution of compound A from Lixample 11 (549 mg,
2.54 mmol) in dimelhylformamide (10 mL) was added a
solution of compound B (582 mg, 2.54 mmol) in dimeth-
yllormarnide (1 ml.) followed by potassium carbonate (386
mg, 2.80 mmol). The reaction was stirred at 50° C. for 14
hours. The reaction was cooled to room temperature. Lithyl
ether (100 1ItI_) was added to dilute the reaction, and the
organic layer was washed with water (2><50 mI.), brine
(2x50 mL) and dried over MgSO_,. Evaporation gave a crude
oil. Purification was performed by flash chromatography on
150 g silica gel, loaded and eluted with 2% methanol in
dichloromethane. Pure fractions were combined and evapo-
rated to give compound C (560 mg, 61%) as a colorless oil.

l). 2,3-Dihydro-2-[I -[3-(2-methoxyphenyl)propyl]-
4-piperidinyl]-1II-isoindol-"l-one,

monohydrochloride

To a solution of compound C‘ (500 mg, [.37 mmol) in
methanol (2 ml.) was added 1 M llCl in ethyl ether(1.5 ml.,
1.5 mmol). The mixture was evaporated and dried at 70° C.
under vacuum to give Example 2| (300 mg, 60%) as a
yellowish solid, melting point 191—195° C.
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Analysis for C:3H29ClN:O2+0.3 mol H20:
Calc"d; (7, 67.98; H, 134; N, 6.89, (:1, 8.72,
Found: (T, 67.92; ll, 7.63; N, 6.75; (31, 8.54

EXAMPLE 22

6-15luoro-3,4-dihydro-3-[ [4-(2-melhox yphenyl)- 1-
piperazinyl]—1netl1yl]—1(2H)—naphtl1alenone

octr,

A. r11.-Acetyl-3-llutJrobenzenepropanoic acid, ethyl
ester

To a solution of 500 mL of 10% dimethylformamide in
benzene was added 58.6% Nall (41 g, 1.0 mol) cooled in an
ice bath was added ethyl acetoacetate (130 g, 1.0 mol) was
added. The reaction was stirred at room temperature for 30
minutes, and m-fluorobenzyl chloride (145 g, 1.0 mol) was
added. The reaction was heated to reflux for 3 hours and

gave an NaC1 precipitate which was then removed by
liltration. The liltrated was poured into 1130, acidified with
concentrated HCl and was extracted with a mixture of ether

and benzene. The organic layer was washed with H20, brine,
dried over Na2S{),, and concentrated in vacuo. The crude
product was purified by distillation (112—119° C./'25 mmllg)
to give 1 (133 g, 56%).

Analysis for (EJ311131-U3:
Calc'd: C, 65.53; H, 6.35;

Found: C, ($5.56; H 6.12.

B. 2-Acctyl—2—[(3—fl1torophenyl)methyl]b11tanedioic
acid, diethyl ester

This reaction procedure was followed as described above
for the preparation of compound A. The reaction scale is as
follows: Compound A (130 g, 0.546 mol), ethyl chloroae—
etate (67 g, 0.546 mol), 58.6% Nall (22.36 g, 0.546 mol) and
400 ml. of 20% dirnetlryllortnatnide in benzene. The rellux
time in this reaction was 21 hours and the crude product was
purified by distillation at 135-158-° C702 mmllg to give 2
(119 g, 67%).

C. 2-[(3-Fluortuphenyl)1r1ethyl]butanedioic acid,
diethyl ester

To a solution of compound 13 (119.3 g, 0.368 mol) in 550
mLll2() was added Na(JIl (45 g, 1.10 mol) and the reaction
was reflux for 23 hours. The reaction was cooled to room

temperature, and the reaction mixture was washed with
ether. The aqueous layer was placed in the ice bath, acidified
with concentrated IICI and gave a precipitate. The crude
product was removed by liltration and recrystallized i11 hot
benzene to give compound C (57.8 g, 69%), melting point
'l20.5—'|21.5° C.

Analysis for Cnllnl"-O4:
Calc"d: C, 58.41; 1-], 4.90;
Found: (T, 58.91; 11, 5.10.

D. 3-[(3-Fluorophenyl)methyl]-3,4-dihydro-2,5-
furandione

To a solution ofcompound C (43.0 g, 0.19 mol) in 100 ml.
acetic anhydride was added 8 mL acetic acid. The reaction
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was heated to reflux for 20 minutes and concentrated in

vacuo with dry benzene. The crude product was dissolved in
10 ml.benxene, 70 ml. skelly B was added and upon cooling
in an ice bath, a crystalline solid formed. The crystals were
collected by filtration and recrystallized in isopro-
panovskelly B to give compound D (24.0 g, 61%), melting
point 55—57° C.

Analysis for C11H91-‘O3:
(falc’d: C, 63.46; H, 4.36;
Found: C, 63.92; H, 5.25.

E. 7-1-‘luoro—1,2,3,4—tetrahydro—4—oxo—2—
naphthalenecarboxylic acid

To 500 ml. of nitrohenxene was slowly added A1(I13
(30.66 g. 0.23 mol] and compound D (23.85 g, 0.115 mol)
keeping the temperature between 20—25° C. The reaction
was stirred at rootn tetnperature for 67 hours and was poured
into a mixture oi" 36(I g ice and 170 ml. concentrated lICl.
The nitrobenzene was then removed by distillation. The
crude product was crystallized in the ice bath and was
recrystallized from benzenefskelly H to give compound 1:"
(20.0 g, 84%), melting point 146—'l47° C.

Analysis for CHHOIJD3:
Calc’d: C, 63.46; 11, 4.36
Found: C, 63.54; 11, 4.48.

F. 7'—Fluoro—l,2,3,4—tetrahydro—4—oxo—2—
naphthaleneearboxylic acid, methyl ester

To a solution of compound E (5.0 g, 0.024 mol) in 25 mL
methanol was added 1 ml. concentrated 112811,. The reac-
tion mixture heated to reflux for 40 hours. The reaction

mixture was concentrated in vaeuo and was partitioned
between ethyl acetate and 5% NaHCO_.,. The organic layer
was washed further with H20, brine, dried over Na._.SO,, and
was concentrated in vaeuo. The crude product was crystal-
lized in a mixture of ethyl acetate and skelly I1 and was
recrystallized in hot skelly B to give compound F (4.9 g,
92%), melting, point 90—‘)2° C.

Analysis for C1211, [F031
Calc’d: C, 64.86; H, 4.99;
Found: C, 65.21; H, 5.21.

G. 6—l~'luoro—3',4‘—dihydrospiro[1,3—dioxolane—2,1'
(2'II)-naphthalene]-3'-carboxylic acid, methyl ester

To a solution of compound F (103.4 g, 0.465 mol) in 700
ml. of dry benzene was added ethylene glycol (78.5 ml.,
1.395 mol), followed by a catalytic amount of
p-toluenesttlionic acid. The reaction was heated to reflux for
66 hours. The reaction mixture was concentrated in vacuo,

and the crude product was crystallized in methanol to give
compound (i (82 g, 66%), melting point 79-81” (7.

Analysis for C1 411151’-'O_,:
Calc’d: C, 63.15; H, 5.67;

Found: C, 63.13; H, 5.82.

H. 6-Fluoro-3',4'-dihydrospiro[1,3-dioxolane-2,1’
(2'lI)-naphthalene]-3‘-methanol

To a suspension of lithium aluminum hydride (11.25 g,
0.396 mol) in 700 mL of dry tetrahydrofuran was added a
solution of compound (3 (78.8 g, 0.296 mol) in 300 ml.
tetrahydrofuran. The reaction was heated to reflux for 17
hours and 22.5 mL H30 and 18 mL 10% NaOH was added
with cooling. The reaction was stirred at room temperature
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for 2 hours. The reaction mixture was filtered and the filtrate

was concentrated in vacuo to give compound H (69.4 g,
78%).

Analysis for C,_,,H,5FO_,
(Ialc"d: (I, 65.53; 11, 6.35

Found: C, 65.82; H, 6.72.

1. 6-1 "luoro-3’,4'-dihydrospiro[ 1,3-dioxolane-2,1'
(2‘lI]-naphthalene]-3'-methanol, methanesulfonate

ester

To a solution of compound H (61.1 g, 0.256 mol) in 175
mL dry pyridine under nitrogen was added methanesulfonyl
chloride (27.15 ml., 0.358 mol) maintaining the temperature
between 10 and 15° (2. The reaction was stirred between

5-10“ C. for 30 minutes and room temperature for 2.5 hours.
The reaction mixture was poured into ice—water and
extracted with CHZCI2. The organic layer was further
washed with 1120, brine, dried over l\la2S(),, and was
concentrated in vacuo. The crude product was further evapo-
rated with toluene at 35° C. under water pressure to give
compound 1 (83.7 g, quant.).

J. 6-Fluoro—3,4—dihydro-3—[[4—(2—methoxyphenyl)— 1 —
piperazinyl]-methyl]-'1(211)-naphthalenone

To a solution ofcompound I (10.0 g, 0.0316 mmol) in 150
ml. ol‘ 25% methyl isobutyl ketone in absolute ethanol was
added Na2CO3 (2.7 g, 0.0316 mol] and l—(2—
n1ethoxyphenyl)piperaz;ine followed by a catalytic amount
of K]. The reaction was heated to reflux for 25 hours and the
mixture was filtered. The filtrate was concentrated in vacuo

and dissolved in (TlI3(Tl3. The organic layer was washed
with H30, NaHCO3. brine, dried over Na.:S0,, and was
concentrated in vacuo. 15% lICl (100 ml.) was added to the
crude and stirred at room temperature for 4 hours. The
solution was filtered and was extracted with ethyl ether. The
aqueous solution was then basilied and extracted with ethyl
ether. The final ethyl ether layer was washed with 1120,
brine, dried over Nag.‘-$0,, and was concentrated in vacuo.
The crude product was recrystallized from melha nol twice to
give Example 22 (6.57 g, 56%), melting point 111—113° C.

Analysis for (I33ll;._5N:._()3l-‘:
Calc'd: C, 71.73; H, 6.84; N, 7.60;

Found: (7, 70.1 '1; H, 7.06, N, 7.83.

l:lXAMl’Ll:i 23

3,4-IJihydro-3-[(4-phenyl-I -piperaz.inyl)methyl]-1 -
(21 l)—naphthalenone, monohydrochloride

'1ICl

A. 2—Aeety1—2—(pheny1methyl)butanedioic acid,
diethyl ester

This reaction procedure followed the procedure described
in the preparation of compound B of Example 22. The
reaction scale is as follows: Benzyl acetoacetate (180 g, 0.86
11101), ethyl chloroacetale (105 g, 0.86 mol), 58.6% Natl
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(35.2 g, 0.86 mol) and 300 mL of 10% dirnethylformamide
in dry benzene. The reflux time in this reaction was 3 hours
and the crude product was purilied by distillation at
148—159° C,i'0.3 mmHg to give compound A(1[i4.7 g, 63%).

B. 2-(Phenylmethyl)butanedioie acid

This reaction procedure followed the procedure described
in the preparation of compound C of Example 22. Tl1e
reaction scale is as follows: compound A(164.7 g, 0.54 mol)
and 1.5 Lof 2 N NaOH. The reaction was reflux for 20 hours

and gave compound B (95.8 g, 85%), melting point
l52—l56° (T.

C. 3,4—Dihydro—3{phcny1methyl}—2,5—furandione

This reaction procedure was followed as described in the
preparation of compound D of Example 22. 95.8 g of
compound T3 gave 72 g (82%) of compound C, boiling point
156° C. (0.4 mm), and the resulting solid was recrystallized
from hot benrene, melting point 94-96” C.

D. 1,2,3,4—'lctrahydro—4—oxo—2—
naphthalenecarhoxylic acid

This reaction procedure was followed as described in the
preparation of compound E of Example 22. The reaction
scale is as follows: compound C (55.7 g, 0.29 mol), AlCl_..,
[80 9,, 0.6 mol) and 280 mL nitrobenzene. The nitrobenzcne
was removed by distillation and the aqueous was crystal-
lized to give compound D (50.8 g, 91%), melting point
145—148° L‘.

E. 1,2,3,4—'1ctrahydro—4—oxo—2—
naphthalenecarboxylic acid, methyl ester

To a solution of N-nitro-N-methyl urea in 500 ml. ether
was added 135 mL of 40% KOH, followed by compound D
(50.8 g, 0.27 mol), while cooling in an ice bath. The reaction
was stirred at room temperature for 1 hour and acetic acid
was added to react with excess diammethane. The ethyl
ether layer was washed with 200 rnL of 5% NaOI I, 200 rnL
of dilute acetic acid, 200 mI.ofdilute NalICO3, brine, dried
over Na3S[),l and was concentrated in vacuo. The crude
product was isolated by distillation at 124° C.;’0.15 mmllg
to give compound E (50.3 g, 91%).

F. 3',4'—Dihydrospiro[1,3—dioxolane—2,1‘(2'H)—
naphthalene]—3'—carboxylic acid, methyl ester

This reaction procedure was followed as described in the
preparation of compound G of Example 22. The reaction
scale is as follows: compound E (5.0 g, 0.025 mol), ethylene
glycol (4.8 MI, 0.075 mol), 40 mL dry benzene and a
eatatalytic amount p—toluenesulfonie acid. The reaction was
reflux for 64 hours and was concentrated in vacuo to give
compound 1-‘ (6.0 g, 95%).

G. 3',4'—Dihydrospiro[l,3—dioxo1anc—2,1'(2'H)—
naphthalene]-3'-methanol

This reaction procedure was followed as described in the
preparation of compound II of Example 22. The reaction
scale is as follows: compound F (7.3 g, 0.028 mol), lithium
aluminum hydride (1.06 g, 0.0% mol) and 50 ml. dry
tetrahydrofuran. The crude product was isolated by distilla-
tion at '152—153° C.i"0.'l5 mmllg to give compound G (4.0 g,
62%).
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Found: C. 70.73; H 7.33.

ll. 3',4'-l')ihydrospiro['1,3-dioxolane-2,1'(2‘ll)-
naphthalene]—3’—methanol, Methanesulfonate Ester

This reaction procedure was followed as described in the
preparation of compound I of Example 22. The reaction
scale is as tollowsz compound G (3.10 g, 0.144 mol),
melhanestilfonyl chloride (1.6 mL, 0.202 mol) and 30 mL
pyridine. The reaction was stirred at room temperature for 2
hours and the crude product was precipitated by pouring
onto ice to give compound 11 (3.35 g, 78%), melting point
75—79° (T.

I. 3,4—Dihydro—3—[(4—phenyl—1—piperazinyl)methyl]—
"l -(2H)-naphthalenone, monohydrochloride

To a solution of compound H (1.43 g, 0.048 mmol] in 50
ml. of a mixture of methyl isobutyl ketone and absolute
ethanol was added Na:CO3 (0.71 g, 0.048 mol) and
"l-phenylpiperazine (1.77 g, 0.011 mol). The reaction was
heated to reflux for 20 hours and the particles was removed
by filtration. The filtrate was concentrated in vaeuo and
dissolved in ethyl acetate. The organic layer was washed
with H20, 5% NaHCO3 and was ooneentrated in vaeuo to
dryness. 100 rnL of 10% IICl was added to the crude and
stirred at room temperature for 4 hours. The mixture was
extracted with ethyl ether and the aqueous solution was then
basified with concentrated NII4OII to pll 9 and extracted
with ethyl ether. The ethyl ether layer was combined,
washed with 1-1:1), brine, dried over Na:SU,, and concen-
trated in vacuo. The crude product was redissolved in 200
ml. ethyl ether, saturated with MCI, and the solid precipitate
was recrystallized from hot ethanol to give Example 23
(0.43 g, 23%), melting point 243—246° C.

Analysis for C¢,H.3,,N.3O.HCl:

(Ialc"d: C, 64.09; H, 6.67; N, 7.13; (:1, 9.95;

Found: C, 70.77; 11, 7.10; N, 7.69; Cl, 10.59.

EXAMPLE 24

3,4-Dihydro—3—[[4—phenyl)—l —piperaziny1]carbony1]—1
(211)-naphthalenone, monohydrochloride

N0

To a solution of compound D from Example 23 (1.4 g,
0.01 mol) and triethylamine (1.4 mL, 0.01 mol) in 35 mL
(“.H2(“.l: was added ethyl chloroformate (0.98 ml., 0.01 mol).
The reaction was stirred at 70° C . for 5 minutes and

l-phenylpiperzine { I .62 g, 0.01 mol) in 15 ml. ClI2Cl2 was
added. The reaction was stirred at room temperature for 18
hours. The reaction mixture was washed with 5% NaHCO3,
H20, brine, dried over l\la:SO,, and concentrated in vaeuo to
dryness. The crude product was dissolved in 200 ml. ethyl

as ether, bubbled with HCI, filtered and was recrystallized from
Analysis f0f C1 3111503: hot ethanol acidilied with concentrated IICI to give Example
Calc’d: C, 70.89; 11, 7.32; 24 (2.73 g, 74%), melting point l88—l9l° C,
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EXAMPLE 25

3,4-Dihydro-3-[[4-(2-methoxyphenyl)-1-
piperazinyl]-carbonyl}1(2lI)-naphthalenone,

monohyd rochloriclc

N OCH;0‘

A. 1,2,3,4—'letrahydro—4—oxo—2—
naphthaleneearboxylic acid

To a solution of KOH (6.7 g, 0.12 mol) in 60 mLH=O was .
added compound [L from Example 23 (10.0 g, 0.049 mol).
The reaction was warmed gently for 30 minutes and was
then cooled to room temperatu re and was acidified with 1 N
HC‘l. The crude product was filtered, washed with oolcl H20
and dried over P205 to give compound A (8.68 g, 93%),
melting point '148—'150° C.

B. 3,4-Dihydro-3—[[4—(2—methoXyphcnyl)—'l—
piperazinyl]carbonyl]-1(21I)-naphthalenone,

rnonohydrochloride

To a solution of compound A (9.5 g, 0.05 mmol) and
triethylamine (8.38 mL, 0.05 mol) in 135 mL CHZCIJ was
added isobutyl chloroformate (6.58 mL, 0.05 11101) at -10”
(T. 'lhe reaction was stirred at -5 to -10” (T. for 10 minutes

and was followed by '1—(2—methoXyphenyl)pipera2ine (9.61
g, 0.05 mol) in 25 mL C1L_-(.‘l;._. The ice bath was removed
and the reaction was stirred at room temperature [or 17
hours. The reaction mixture was washed with 5% NaH("O_.,,
1130, brine, dried over Na;-_SO4 and concentrated in vacuo.
The crude product was dissolved in ethyl ether, bubbled with
HCl and was filtered to give Example 25 (15.45 g, 85%),
melting point '197—'199° C.

Analysis for (T,..II.,,N2()3.lICl:
Calc’d'. C, 65.89; 11, 6.28; N, 6.99, Cl, 8.85;

lioundr C, 66.27; 11, 6.41; N, 7.35‘ Cl, 9.58.

EXAMPI .E 26

3,4-Dihydro-3-[[4-(2-methoxyphenyl}1-piperazinyl]
methyl]-1(2ll)-naphthalenone, dihydrochloride

N OCH;0“

A. 1,2,3,4—Tetrahydro-3—[[4—(2—methoxyphenyl)—'l —
pipera7inyl]methyl]- "l -naphthalenol

To a solution of the free base of compound 8 of Example
25 (11.74 g, 0.0322 mol) in 50 ml. ol‘ dry tetrahydrofuran
was added lithium aluminum hydride (2.45 g, 0.0644 mol)
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in 50 mLof dry tetrahydrofuran. The reaction was heated to
reflux for 22 hours. The reaction was mixed with 5 ml. H20,
4 ml. of "[0931: NaOH and was stirred at room temperature for
2 hours. The solids were removed by filtration, washed with
tetrahydrofuran and concentrated in vaeuo to give com-
pound A (10.1 g, 89%).

Analysis for C;3H_._5N,_O3.2 HCl.H3O:
Calc’d: C, 59.59; H, 7.27; N, 6.32; C1, 15.99; Kl-‘, 4.06;
Found: C. 59.45; 11. 7.10; N, 6.50; C1. 16.4‘); K1’, 4.36.

B. 3,4-Dihydro—3—[[4—(2—methoxyphenyl)-1—
piperaziny1]methy1]-1(2l1)-naphthalenone,

dihydrochloride

To a solution olcompound A(4-.91 g, 0.014 mmol) in 120
I111. benzene was added potassium tert-butoxide (3.93 g,
0.035 mol) and benzophenone (11.8 g, 0.065 mol). The
reaction was relluxed for 16 hours and washed with I120.
The organic layer was washed further with brine, dried over
Na2S[)4 and concentrated in vacuo to dryness. The crude
product was dissolved in ethyl ether, bubbled with HCI salt,
recrystallized from methanol,/ethyl ether to give Example 26
(5.2 g, 87%), melting point 218—219° C.

Analysis for C2:H25,N2O:.2 HCl

(Ialc"d: (7, 62.41; 11, 6.67; N, 6.62; Cl, 16.75;
Found: C, 62.61; 11, 6.87; N, 6.37.

EXAMPI .E 27

3-[[4—[(4—Ch1orophenyl)phcnylmeI hy1]— 1-
piperazinyl]methyl]—6—lluoro—3,4—dihydro—1(2l1)—

naphthalenone, dihydrochloridc

-2HCl

Cl

To a solution of compound I from Example 22 (10.10 g,
0.032 mmol) in 150 ml. absolute ethanol was added Na2C03
(3.40 g, 0.032 mol) and 1-[(4-chlorophenyl)phenylmethyl]
piperazine (9.18 g, 0.032 mol), followed by a catalytic
amound o['Kl. The reaction was heated to rellux [hr 19 hours

and the particles were removed by liltration. The liltrate was
concentrated in vacuo and dissolved in CI1._:Cl._._. The organic
layer was washed with H20, l\'aHCO3, brine, dried over
Na2S[),, and was concentrated in vacuo. 150 mI.of 10% lI(3l
was added to the crude and stirred at room temperature for
4 hours. The residue was liltcrcd and dissolved in CHQCI3,
washed with H30 and brine, dried over Na,_._S0_,, and con-
centrated in vacuo. The crude material was dissolved in "I00
mL of absolute ethanol and 150 mL of 10% IICI was added.

The reaction was sti1Ted at room temperature for 18 hours.
The reaction mixture was concentrated in vacuo to half

volume and extracted with a mixture of (7II2Cl2 and ethyl
ether. The organic layer was concentrated in vacuo and
dissolved in 100 ml. ethanol which was then treated with

concentrated Nll,,Oll until basic. 400 mLof I120 was added
and extracted with ethyl ether. The ethyl ether layer was then
washed with 1130, brine, dried over Na3SO+ and bubbled
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with HCl to give white solid. The HC1 salt was collected by
filtration and mixed with H20. The crude product was
collected by filtration and was recrystallized from methanol
to give Example 27 (1.55 g, 9%), melting point 211—212° C.

Analysis for C281 I3[,N2OCl3l_':
Calc’d: C, 62.75; 11, 5.64; N, 5.33; (31, 19.85;
Found: C, 62.62; H, 5.99; N, 4.83; CI, 19.78.

EXAMPI .E 28

N—[1 —(1’henylmethy1)—4—pipe ridiny1]—1H—indole -3-
acetamide

To a solution of ind0le—3—acetie acid (2.87 g, 0.0164 mol)
in 50 ml. dry tetrahydrofuran was added 1,1‘-
carbonyldiimidazole (2.90 g, 0.018 mol). The reaction was
stirred at room temperature until CO2 evolution ceased and
l-phenylmethyl-4-aminopiperidine (3.12 g, 0.0164 mol)
was added. The reaction was stirred at room temperature for
16 hours, warmed to 5CF55° C. and allowed to cool to room
temperature over 1 hour. The reaction mixture was concen-
trated in vacuo and partitioned between CIICI3 and H20.
The CHCl3 layer was further washed with I130 and con-
centrated in vacuo. The crude product was recrystallized
from rnelhanolr'CII3CN and collected by filtration to provide
3.93 g (69%) of Example 28, melting point 153—154° C.

Analysis for C22lI25N3():
Calc’d: C, 76.05; H, 7.25; N, 12.09;
Found: C, 75.86; H, 7.27; N, 12.08.

EXAMPLE 29

4-Methoxy-(1-(4methoxyphenyl)-N-[ 1-(2-
phenylethyl)-4-piperidinyl]henzeneacetamide,

monohydrochloride

cH_,o

(7H_,o

A. 1—(2—l’henylethyl)—4—piperidinonc, oxime,
hydrochloride

To a solution of 1—phenylethyl—4—piperidone (24.8 g,
0.122 mol) in 125 mL absolute ethanol was added hydroxy-
lamine hydrochloride (8.48 g, 0.1 22 mol) with mechanically
stirring. Additional of absolute ethanol was added and
stirred for ‘I hour. The reaction mixture was diluted with 300

ml. ethyl ether and was collected by filtration to give
compound A (26.1 g, 34%] as a solid, melting point
23(r237° C.
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B. 1—(2—Phenylethyl)—4—piperidinamine,
dihydrochloride

To a solution of l.iAlH_, (5.82 g, 0.154 mol) in 250 ml.
ethyl ether under argon was added compound A (26.1 g,
0.1024 mol) portionwise. The reaction was warmed to reflux
for8 hours. The healing mantle was removed and was stirred
at ambient temperature for 16 hours. The reaction mixture
was washed with 50 mL H30 and 50 mL of 10% NaOH
solution. The ethyl ether layer was separated, dried over
Mg:S0_, and was concentrated in vacuo. The crude was
dissolved in 50 mL absolute ethanol and acidified to pH 1
with 5.6 N ethanolie HCl to give precipitation, followed by
dilution with ether and filtration to isolate the solid. The

precipitate was washed with hexane and ethyl ether to give
compound B (16.72 g, 64%) as a solid, melting point 315°
C.

C. 4-Methoxy—et.—(4—methoxyphenynbenzeneacetie
ac id

To neat rnorpholine (43.56 g, 0.5 mol) was added dichlo-
roacetic acid (12.89 g, 0.1 mol) portionwise under argon,
with ice bath. When the addition was finished, the ice bath
was removed and the reaction was allowed to stand at

ambient temperature for 16 hours. The reaction mixture was
dissolved in a mixed solvent of 120 ml. acetic acid and 12

mL H20 and was stirred at room temperature until it was
clear. To the reaction was then added anisole (43.2 g, 0.4
mol) followed by 100 mL concentrated H3804 with ice bath
keeping temperature less then 25° C. The reaction was
stirred at room temperature for 16 hours and warmed to 60°
C. for 3 hours. The reaction mixture was poured over the ice
and was extracted with CHCl3. The CHCl3 layer was then
washed with I N Na()H then filtered. The aqueous solution
was acidified with HCI to give a cloudy solution which
crystallized upon standing at room temperature for 64 hours.
The crystalline solid was llltered and rinsed with 1120 to
give the acid (15.2 g, 55%).

D. 4-Methexy-or-(4-rnelhoxyphenyl)-N-[1-(2-
phenylethyl)-4-piperidinyl]benzeneacetan1ide,

monohydrochloride

To a solution of the part C acid (1.8 g, 0.0066 mol) in 50
ml . dry tetrahydrofuran was added l,1'-carbonyldiimidazole
(1.3 g, 0.008 mol). The reaction was stirred at room tem-
perature for 1 hour and 50° C. for another hour. The amine
was prepared by liberating the part B hydrochloride salt with
1 N NaOIl and extracting with CIISCI: to give the free
amine. The free amine (1.33 g, 0.066 mol) was then added
to the reaction mixture at room temperature and stirred for
64 hours. The reaction was then warmed to 50° C. for 1 hour

and concentrated in vaeuo. The crude product was chro-
matographed using a mixture of 10% methanol and CHCI3
as an eluting solvent and recrystallized in a mixture of ethyl
ether and ethanolic llCl, followed by recrystallization Form
methanol to give Example 29 (0.64 g, 2%), melting point
180—182° C.

Analysis for (:,_,,11,,,N,o,+11c1+0.5 11,0;

Calc"d: C, 69.10; H, in N, 5.56;

liound: c, 68.97; 11, 7.12; N, 5.64.
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EXAMPLE 30

oi-Phenyl-N-[1-(phenylethyl]-4-piperidinyl}
benreneacetamide, monohydnochloride

This reaction followed the procedure described in
Example 29, part D. The reaction scale was as follows:
diphenylacetic acid (2.1 g, 0.01 mol);
carbonyldiimidazole (1.78 g, 0.011 mol) and the free amine
derived [rorn Example 29, part B hydrochloride (2.04 g, 0.01
mol). The reaction mixture was concentrated in vacuo and
was partitioned between CIICI3 and 1130. The ClICl3 layer
was washed with diluted Na] IC03, H20, dried over Na:S0_,
and concentrated in vacuo. The crude product was dissolved
in a mixture of methanol and ethyl ether and acidified with
5.6 N ethanolie IICl. More ethyl ether was added to increase
precipitation which was then collected by filtration. The
solid was recrystallized from methanol and ethyl ether to
give Example 30 (1.05 g, 22%), melting point 2ti3—264° C.

Analysis for C,_-,H_,oN3O+HCl:
Calc’d: C, 74.55; II, 7.18; N, 6.44;

Found: C, 114.85; 11, 1.27; N, 6.39.

l:iXAM1’Ll:L 31

5-Chloro—2,3—dihydro—2—[1—(phenylmethyl)—4—
piperidinyl]—1II—isoindol—1—one, monohydrochloride

0

Cl

°IIC|

A. 5-C‘hloro-1,3-isohenzolurandione

4—C|1lorophthalic acid (446.5 g, 2.23 mol) was heated neat
until I120 was no longer released to give compound /\(415.9
g, quantitative), melting point 138—I40° C.

B. 5-Chloro-1II-isoindole-l,3(2t1)-dione

Asolution of compound A(4l5.9 g, 2.28 mol) anti 1000
mL of 28% ammonium hydroxide was heated at 300° C.
until I120 was no longer released to give compound 13
(361.0 g, 89%).
C. 5-Chloro—2-[1-(phenylmethyl)-4-piperidinyl]-1Il-
isoindole- 1 ,3(2I I)-dione

To a solution of compound B (10.0 g, 55.2 mmol) in 100
ml. amyl alcohol was added 4—amino—'|—henzylpiperidine
(10.5 g, 55.2 mmol). The reaction was heated to reflux for
16 hours. The reaction mixture was concentrated in vacuo

and dissolved in 250 ml. CHCl,. The CHCI3 layer was
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washed with H20, dried over Mg2SO_. and was concentrated
in vacuo. The crude product was dissolved in 400 ml.
isopropyl ether, treated with charcoal and filtered. The
filtrate was acidified with 4 N HCl in dioxane to give
compound C (19.0 g, 97%) as a white solid, melting point
233-2345“ C.

Analysis for (I:c,ll,_,,(IlN3()3.II(Tl:
Calc"d: C, 61.40; 11, 5.16; N, 7.16;
Found; C, 62.04; H, 5.64, N, 7.31.

D. 5—Chloro—2,3—dihydro—2—[1—(phenylmethyl)—4—
piperidinyl]—1ll—isoindol—l—one, monohydrochloride

To a solution ofcompound C (5.5 g, 14.1 mmol) in 40 ml.
acetic acid and 8.25 ml. concentrated HC1 was added tin (4.2
g, 35.3 mmol). The reaction was heated at 95-100” C. for 16
hours, treated with 5% NaOH to pH greater than 9, and
extracted with (THCI3. The organic layer was dried over
Mg2S(),, and was concentrated in vacuo to the dryness. The
crude product was dissolved in 200 ml. H20 and treated
with IICI in dioxane to give Example 31 (4.64 g, 87%),
melting point 269-271“ C.

Analysis for CmH2,ClN2O+0.8 IICl+0.2 I120:

Cale"d: C, 64.29; H, 5.99; N, 7.50; Cl, 17.08; H20, 0.96;

Found: C, 64.19; 11, 6.05; N, 7.54; C1, 15.95; 11,0, 0.95.

EX/\MPI.E 32

2-[1 —(3-13utyl—2—heptenyl)—4—piperidinyl]—2,3—
dihydro-11I-isoindol-1-one, monohydrochloride

()

To a solution of Example 17, Part D amine (520 mg, 1.41
rnmol) in ethyl etherfmethanol (2 ml., 5:1) was added 1 M
HCI in ethyl ether (1.5 ml., 1.5 mmol). The HCI salt
precipitated from the solution. The salt was filtered and dried
at 60° C. under vacuum to give Example 32 (300 mg, 58%)
as a white solid, melting point 147-152” C.

Analysis [or C2,,H_,,ClN2O+U.3 H20:
Calc"d: C, 70.23; 11, 9.23; N, 6.83; Cl, 8.64;

Found: C, 70.31; 11, 9.17; N, 6.96; C1, 8.50.

EXAMPLE 33

2-[1 -(5,5-Diphe nyl-2-pcntcnyl)-4-piperidinyl]-2,}
dihydro—1H—isoindol—1-one, monohydrochloride

@543
To a solution of Example '15, part E amine (500 mg, 1.15

rnmol) in ethyl etherfmethanol (2 ml., 5:1) was added 1 M
HCl in ethyl ether ("1.5 ml., 1.5 mmol). The HCI salt
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precipitated from the solution. The salt was filtered and dried
at 60° C. under vacuum to give Example 33 (300 mg, 80%)
as a white solid, melting point 127—l34° 1.‘.

Analysis for C_.,,,l-l_.,3ClN2O+l.4 H20:

Calc’d: C, 72.31; II, 7.24; N, 5.62; (31, 7.12;

Found: C, 72.47; H, 7.49; N, 5.54; Cl, 7.33.

EXAMPLE 34

2,3-Dihydro-2-[ 1-[3-(2-phenoxyphenyl)propyl]--1-
piperidinyl]—'1H—isoindol—1—one, monohydrochloride

()

A. 2,3—Dihydro—2—[1—[3—(2—phenoxyphenyl)propyl]—
4—piperidinyl]—1H—isoindol—'l—onc

'[IC|

To a solution of compound F from Example 20 (450 mg,
1.06 mmol) in ethanol (10 mL) was added 10% palladium on
activated carbon (45 mg) under argon at room temperature.
Argon on the reaction was replaced by hydrogen. A hydro-
gen balloon was connected to the solution. Hydrogenation
was maintained overnight. The reaction was filtered through

Celite, and the filtrate was evaporated to dryness. Purifica-
tion was performed by flash chromatography on 100 gsilica
gel, loaded and eluted with 1.5% methanol in dichlo-
romethane. Pure fractions were combined and evaporated to
give compound A (450 mg, 100%) as a colorless oil.

8. 2,3-Dihydro-2-[1-[3-(2-phenoxypheny])propy]]-
4-piperidinyl]-l ll-isoindol-l -one,

monohydrochloridc

Compound A (450 mg, 1.06 n'in'iol) was dissolved in 20%
methanol in ethyl ether (2 mL). A solution of 1 M HCl in
ethyl ether (2 ml., 2.0 Inmol) was added. The IICI salt
precipitated and was filtered and washed with ethyl ether.
Dichlorornethane (80 mL) was added to dissolve the solid,
and the organic layer was washed with saturated sodium
bicarbonate solution (2:-<3U mL). Evaporation gave a color-
less oil. Purification was performed by flash
chromatography, loaded and eluted with 1.5% methanol in
dichloromethane. Pure fractions were combined and evapo-
rated to give a colorless oil. The resulting oil was dissolved
in 20% methanol in hexane. Asolution of "l M HCl in ethyl
ether (1 mL, 1.0 mmol) was added. '[he HCI salt precipitated
and was filtered and washed ethyl ether. The resulting solid
was dried under high vacuum at 60° C. overnight to give
Example 34 (160 mg, 35%) as a white solid, melting point
l99—2(l2° C.

Analysis. for C2,,H3,ClN.;0.;+[|.5 H20:

1U
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EXAMPLE 35

2,3-Dihydro-2-[1 -(cliphenylmethyl)-4-piperidinyl}
lll-isoindol- I -one, monohydrochloride

©:l~<..>
A. 2,3—Dihydro—2—[1—(diphenylmeIhyl)—4—

piperidinyl]-1II-isoindol-1-one

To a solution of bromodiphenylmethane (572 mg. 2.31
mmol) in dimethylformamide (10 ml.) was added a solution
of compound A from Exarllple 11 (500 mg, 2.31 nunol) in
dirnethylforrnarnide (2 mL) followed by anhydrous potas-
sium carbonate (351 mg, 2.54 mmol). The reaction was
rellu xed overnight. 'l'l.tc reaction was cooled to room tem-
perature. Ethyl ether (100 ml.) was added to dilute the
reaction, and the organic layer was washed with water (2x5U
mL), brine (2><5O mL) and dried over magnesium sulfate.
Evaporation gave a crude oil. Purification was performed by
flash chromatography on 100 g of silica gel, loaded and
eluted with 2% methanol in dichlororncthanc. Pure fractions

were combined and evaporated to give compound A (520
mg, 59%) as a colorless oil.

B. 2,3—Dihydro—2—[1—(diphcnyln1cthyl)—=l—
piperidinyl]—1H—isoindo1—1—one, monohydrochloride

To a solution of compound A [500 mg, 1.31 mmol) in
ethyl ctherfmethanol (2 ml_, 5:1) was added 1 M HCl in
ethyl ether (3.0 ml., 3.0 mtnol). The mixture was evaporated
to dryness. 'Ihe result solid was dried at 70° (3. under
vacuum to give Example 35 (300 mg, 60%] as a white solid,
melting point 165-1 69° C.

Analysis for (::6]]2?(:1N:()+l|(J I120:
Calc'd: C, 71.46; I], 6.69; N, 6.41;
Found: C, 71.52; II, 6.87; N, 6.35.

E.XAMPl.E 36

(Z)—2,3—Dihydr0—2—[1 {5,5—dip henyl—2—pente nyl)—4—
piperidinyl]—1ll—isoindol—l—one, rnonohydrochloride

A. (Z)-5,5—Diphenyl—2—pentenoic acid, methyl ester

To a suspension of I3is(2,2,2—tril'luoroethy|)
. _, , 1 , _ , 65 (mcthoXyearbonylmethyl)phosphonate (4.16 g, 13.1 mmol)

(‘alt d‘ C" 7125' H’ 6'83’ N‘ 5'93’ and 18-crown-6 (3.46 g, 13.1 mmol) in tetrahydrofuran (65
Found: C, 71.13; II, 6.78; N, 5.93. ml.) at 0° C. was added dropwise 0.5 M potassium his
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[trimethylsilyl)amide in toluene (26.2 mL, 13.] mmol). The
reaction was stirred at 0° C. for '15 minutes, then cooled to

-78° C. A solution of compound A from Example '15 (5.0 g,
23.8 mmol) in tetrahydrofuran (5 mL) was added dropwise.
The reaction was stirred at -78“ C. for 1 hour, then warmed
to room temperature and quenched with saturated ammo-
nium ehloride solution (5 ml.). Ethyl ether (200 ml.) was
added to dilute the reaction, and the organic layer was
washed with water (2x50 mL), brine (2x50 mL) and dried
over MgS0,,. Evaporation gave a crude oil. Purification was
performed by flash chromatography on 250 g silica gel,
loaded and eluted with 6% ethyl acetate in hexane. Pure
fractions were combined and evaporated to give compound
A (2.2 g, 70%) as a colorless oil.

13. (Z)-5,5-Diphenyl-2-penten-1-ol

To a solution of compound A (2.2 g, 8.27 mmol) in
toluene (20 ml.) at 0° C. was added dropwise diisobutyla-
luminum hydride ("1.0 M in toluene, 18.2 ml., 18.2 mmol).
The reaction was stirred at 0° C. for 1 hour. The reaction was

quenched with methanol (5 mL). Potassium sodium tartrate
solution ('1 M, 200 ml.) was added, and the reaction mixture
was stirred for 3.5 hours. Ethyl ether (200 ml.) was added,
and the organic layer was washed with water (2x50 ml.),
brine (2><50 mL) and dried over MgS0,,. Evaporation gave
a crude oil. Purification was performed by [lash chromatog-
raphy on 300 g silica gel, loaded and eluted with 20% ethyl
acetate in hexane. Pure fractions were combined and evapo-
rated to give compound B as a colorless oil (1.9 g, 97%).

C. (Z)-1-Chloro—5,5-diphenyl-2-pentene

To a solution of N—chlorosuccinimide (0.56 g, 4.16 mmol)
in dichloromethane (12 mL) at —40° C. was added dropwisc
methyl sullide (0.4 ml ., 5.29 mmol). l'he reaction wasstirred
at —40° C. for 10 minutes then warmed to room temperature
for 30 minutes. The reaction was recoolcd to -40” (7., and a
solution of compound B (0.9 g, 3.78 mmol) in dichlo-
romethane (5 ml.) was added dropwise. The reaction was
stirred at —40° C. for 2 hours then warmed to room tem-

perature lior 30 minutes. llexane (300 ml.) was added to
dilute the reaction and the organic layer was washed with
water (2><50 mL), brine (2x50 mL) and dried over MgSO4.
Evaporation gave compound C (0.9 g, 93%) as a colorless
oil.

D. (Z)—2,3—Dihydro—2—[1—(5,5—diphenyl—2—pentenyl)—
4-piperidinyl]-1ll-isoindol-1-one

To a solution of compound A from Example 11 (756 mg,
3.50 mmol) in dimethylformamide (12 mL) was added
compound C (900 mg, 3.50 mmol) followed by anhydrous
potassium carbonate (531 mg, 3.85 mmol). The reaction was
stirred at 50° C. overnight. The reaction was cooled to room
temperature. Ethyl ether (100 ml.) was added to dilute the
reaction, and the organic layer was washed with water (2><50
ml.), brine (2)-:50 ml.) and dried over Na3SO,,. Evaporation
gave a cn.1de oil. Purification was performed by flash chro-
matography on 100 g of silica gel, loaded and eluted with
2% methanol in dichloromethane. Pure fractions were com-

bined and evaporated to give compound D (950 mg, 62%)
as a white solid, melting point l38—l40° C.

E. (Z)-2,3-Dihydro-2-[1-(5,5diphenyl-2-pentenyl)-4-
piperidinyl]-"llI-isoindol-1-one, nionohydrochloride

To a solution of compound D (500 mg, 1.15 mmol) in
methanol (2 mL) was added 1 M llC1 in ethyl ether(1.5 mL,
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1.5 mmol). The mixture was evaporated to dryness. The
resulting white solid was dried at 60° C. under vacuum to
give Example 36 (300 mg, 80%) as a white solid, melting
point 174—177° C.

Analysis for (I3,_,ll33C1N:._()+l.2 I120:

Calc"d: C, 72.84; ll, 7.21; N, 5.66; Cl, 7.17;

Found: C, 72.74; H, 6.88; N, 5.70; Cl, 7.42.

EXAMPLE 37

N—[1—(3,3—Diphenylpropyl)—4—piperidinyl)
phenoxyacetamide, monohydrochloride

-Hci

A. N —[1—(3,3—l)iphenylpropyl)-1 —piperidinyl)
phenoxyaeel amide

Compound A was prepared and purified as described for
compound A in Example 18, using 517 mg (1.56 mmol) of
compound E from Example 10, 380 ‘nil. (4.68 mmol) of"
pyridine, and 22611:]. (1.64 mmol) of phenoxyacetyl chlo-
ride. 'l'he crude product was purified by llash chromatogra-
phy on silica gel eluted with 98:2 methylene chloride}
methanol to provide 491 mg (73%) of compound A as a
yellow solid, melting point 83-86° C.

Fl. N-[1 -(3,3-Diphenylpropyl)-4-piperidinyl)
phenoxyaeetamide, monohydrochloride

To a solution of 485 mg (1.13 mmol) of compound A in
4 mLoi i11eth_v1ene chloride was added 2.26 mL (2.26 mmol)
ol‘ a 1.0 M solution of hydrogen chloride in diethyl ether.
The opaque white mixture was concentrated to an orange
solid which was purified by recrystallization from isopro—
panol. Removal of isopropanol remnants by eo—evaporation
with chloroform followed by methylene chloride and drying
under vacuum provided 408 mg (78%) of Example 37 as an
olT-while solid, melting point 203—205° C.

Analysis for {I;,,ll33N2(J(Il+[l.94 1120:

(Ialc’d: (I, 70.34; H, 7.26; N, 5.86;

Found: C, 70.37; II, 7.24; N, 5.83.
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EXAMPLE 38

N-['1-(3,3-Diphenylpropyl)-4-piperidinyl]-2-
methoxybenzamide, monohydrochloride

o

H
5 1o

0
I 5

°HCl

an

A. N —[1—(3,3—Diphenylpropyl)—4—piperidinyl]—2—
met hoxybenzamide

Compound A was prepared as described for compound A
in Example 18, using 503 mg (l .52 mmol) [)rC[)I'I1p[)llI1[l I7.
from Example 10, 370 ,rrL (4.58 mmol} of pyridine, and 238
;rL (1.59 mmol) of U—anisoyI chloride. The crude product
was purified by flash chromatography on silica gel eluted
with 98:2 ethyl acctateimethanol to provide 336 mg (56%)

of compound A as a yellow solid, melting point 9649?-1° (3. ,0

B. N—[t—(3,3—lJiphenylpropyl)—4—piperidinyl]—2—
rnethoxybenzamide, monohydroehloride

To a solution of 364 mg (0.85 mmol) of compound A in
4 mL of methylene chloride was added a freshly prepared
saturated solution of hydrogen chloride in diethyl ether. Tl1e
opaque white mixture was concentrated and dried to provide
329 mg (83%) of Example 38 as an otf—whitc solid, melting
point l7(l—l72° C.

35

Analysis for C;._,,,H_.,3N202(Tl+1.l1 H30: 40
Caled_ C, 69.34; H, 7.32; N, 5.78;

Found C, 69.41; II, 7.31; N, 5.71.

F.XAMPl_F. 39
45

N-['1-(3,3-Diphenylpropyl)-4-piperidinyl]-2-
methylbenzamide, monohydrochloride

so
I!N

0 h

55

°H(Tl

an

A. N-[1-(3,3-Diphenylpropyl)-4-piperidinyl]-2
methylbenzamide

Compound A was prepared as described for compound A 65
in Example 18, using 485 mg (1.46 mmol) of compound E
from Example 10, 336 ,trl. (4.38 mmol) of pyridine, and 200
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,rrL (1.54 mmol) of O—toluoyl chloride. The crude product
was purified by flash chromatography on silica gel eluted
with 98:2 ethyl acetate,-"methanol to provide 345 mg (67%)
of compound A as a yellow solitl.

I3. N-[1-(3,3-Diphenylpropy1)-4-piperidinyl]-2-
metl1ylben7.amide, inonohydrochloride

To a solution of 342 mg (0.83 mmol) of compound A in
2 ml. of methylene chloride was added a freshly prepared
saturated solution of hydrogen chloride in diethyl ether. The
opaque white mixture was concentrated, evaporated from
methylene chloride to remove residual ether, and dried under
vacuum to provide 348 mg (94%) of Example 30 as a white
solid, meting point 237—239° C.

Analysis for Cmll_.,3N20Cl+l.l5 H.202
Calc"d: C, 71.60; II, 7.57; N, 5.96, C], 7.55;
Found: C, 71.59; ll, 7.31; N, 5.97, CI, 7.86.

EXAMPLE 40

N-['| -(3,3-Diphenylpropyl)-4-piperidinyl]-2-
pyridincamide, monohydrochloride

/

\ _
N

0 N

A. N—[l—(3,3—l)iphcnylpropyl)—4—pipcridiny1]—2—
pyridineamide

A:

-Hr]

To a stirred suspension of 199 mg (1.62 mmol) of
picolinic acid in 2.5 ml. of methylene chloride at 0° C. was
added 225 ;rL (1.62 mmol) of triethylamine. After all the
solids had dissolved, the solution was treated with 412 mg
(1.62 mmol) of bis(2-oxo-3-oxazolidinyl]phosphinic
chloride, and stirred for 30 minutes. A methylene chloride
solution of 535 mg (1.62 mmol) of compound [L from
Example 10 was converted to the Free amine by washing
with sodium bicarbonate and concentrating the organic layer
to a brown oil which was redissolved in '1 ml. of dry
methylene chloride and added to the reaction mixture. After
stirring at room temperature for 16 hours, the reaction was
quenched with water and 4 M llCl and diluted with meth-
ylene chloride. The aqueous layer was basified with 1 N
K()II and extracted two times. The combined organic; were
dried (sodium sulfate) and concentrated to provide 554 mg
of a brown oil. The crude product was purified by [lash
chromatography on silica gel eluted with 98:2 ethyl acetatef
methanol to provide 316 mg (58%) of compound A as a
brown glass.

B. N-['l-(3,3-Diphenylpropyl)-4-piperidinyl]-2-
pyridinamide, monohydroehloride

The hydrochloride salt ol‘ compound A was prepared by
the procedure used for compound R in Example 38, using
316 mg (0.83 mmol) of compound A, to afford 336 mg
(83%) of Example 40 as a yellow solid, melting point
'l09—ll6° C.
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Analysis for C.;,,H3,,N,OC1+1.42 H20
Calc'd: (I (1165, H 11?, N 9.10;

Found: C 67.53, H 7.10, N 9.22.

EXAMPI .E 4 l

N—[1 —(3,3—Dip henylp re pyl)—4—pipcridinyl]—N—
(phenylmcthyl)acetamide, monohydroehloride

‘HL‘.l

A. 8—(3,3—Diphcnylpropyl)spiro[ I ,3—dioxolanc—2,4'—
piperidine]

Toluenesullionyl chloride (7.00 g, 36.7 mmol) was added
to a solution of 7.09 g (33.4 mmol) of 3,3—diphenyl—1—
propanol in dry pyridine (30 ml.) at room temperature under
argon. Alter 15 minutes, a precipitate began forming. The
reaction was stirred at room temperature for a total of 7
hours, followed by addition of water (10 mL). The reaction
was partitioned between diethyl ether ("[50 ml.) and "l M
aqueous copper sulfate (50 ml.). The organic layer was
washed with 1 M aqueous copper sulfate (2x5U mL), 1 N
IICI (50 ml.), saturated sodium bicarbonate (50 ml.), and
brine (10 mL), then dried over Na2SO,,. Evaporation gave
10.1 g of an orange solid mass. III NMR indicated approxi-
mately 1U‘?6 remaining starting material.

A mixture of the crude tosylate prepared above, 1,4-
dioxa—8—azaspiro[4.5 ]decane (4.78 g, 33.4 mmol), and potas-
sium carbonate (6.91 g, 50.1 mmol) in isopropanol (70 ml.)
was maintained at reflux under argon for 8 hours, then
cooled to room temperature. The reaction was filtered with
the aid o1"Cll2C.‘l._. (30 ml.). Evaporation gave '11 g ofa thick
orange oil, which was purified by flash chromatography on
silica gel (300 g) eluting with 4% methanol in Cl-l3Cl2 to
aflbrd 8.33 g (74%) of contpouud A as an orange oil.

B. 1—[3,3—Diphenylpropyl]]—4—piperidinone

Amixture (317.36 g (21.8 mmol) of compound A and 1110
ml. of 6 N IIC.‘l was heated at reflux under argon for 30
minutes, then cooled to room temperature. The reaction was
made basic by slow addition of 1 N [(0]! (about 650 mL),
and the cloudy mixture was extracted with CHQCIE (2x100
mL). Evaporation gave 6.13 g (97%) of compound B as an
orange-brown solid.

C. 1—(3,3—Diphenylpropyl)—N—(phenylmelhyl)—4—
piperidinamine

To 750 mg (2.6 mmol, 1 eq) of compound B was added
279,ul.(2.(a mmo|,t eq) of henzylamine followed hy 951 1:1.
(3.2 mmol, 1.25 eq) of titanium isopropoxide. To obtain a
homogeneous solution 5 ml. of Cl IQC [2 was added and the
reaction was stirred at room temperature for 2 hours. Metha-
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not (2 mL) was added to the reaction followed by 97 mg (2.6
mmol, 1 cq) of sodium borohydride. After 18 hours, the
reaction was diluted with water (2 ml.) and the resulting
precipitate was removed by filtration and washed well with
methanol. The filtrate was concentrated and the residual oil

was dissolved in ethyl acetate. The resulting precipitate was
again filtered and rinsed well with ethyl acetate. The ethyl
acetate solution was concentrated to afford 1 g of a pale
yellow oil which was eliromatographed on silica gel (60 g)
eluted initially with 5% methanol in Cll3Cl=, followed by
10% methanol in Cll:C17_ to afford 960 mg (96%) of
compound C as a pale yellow oil.

D. N—[1—{3,3—Diphenylpropyl)—4—piperidinyl]—N—
(phenylmethyl)acetamide

To a solution of 460 mg (1.2 mmol, '1 cq) of compound C
in 5 ml. of (TH:(T1: at 0° (7. was added "145 pl. (1.8 mmol,
1.5 eq) oipyridine followed by dropwise addition 0194 pl.
(1.3 mmol, 1.1 cq) of acetyl chloride over '1 minute. The
reaction was allowed to warm to room temperature. After 6
hours, the reaction was diluted with CHQCIQ and washed
with 1 N KOH. The organic layer was filtered through cotton
and concentrated to afford 510 mg of an orange-brown oil
which was chromatographed on silica gel (50 g) eluted with
2% methanol in t-butylmethylether to afford 490 mg (96%)
of compound D as a yellow oil.

E. N-[1-(3,3-Diphenylpropyl)-4-piperidinyl]-N-
(phenylmcthyl)acetamide, mouohydrochloride

To a solution of 475 mg (1.1 11111101, 1 eq) of compound D
in 5 mL of ether and 1 mL of ClI1Cl1 was added an excess
of HCl as a saturated solution in ether and the resulting
heterogeneous mixture was stirred for 20 minutes. The solid
was isolated by liltration, rinsed well with ether, concen-
trated and the solvent remnants were removed in a vacuum

oven at 52° C. and full vacuum to alford 452 mg (89%) of
Example 41 as a white solid, melting point l02—l05° C.

Analysis for C291-l35N2OCl+0.67 H20:
(Ialc"d: (T 73.31, ll 7.71, N 5.90, Cl 7.46

Found: C 73.23, ll 7.78, N 5.98, Cl 7.44

l_7.XAMPI_l_-l 42

N-[1—(3,3—Dipheny1propyl)—4—pipcridinyl]—N—
(phenylrnethy1)benzamide, rnonohydrochloride

, Q

QK4] 0
'HC]

A. N—[1—(3,3—Diphenylpropyl)—4—piperidinyl]—N—
(pheny1methyl)benzamide

Compound A was prepared from 500 mg of compound C
from Example 41 (1.3 mmol), "158 til. (2 mmol) of pyridine
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and 166 ,:tL (1.3 mmol) of benzoyl chloride following the
procedure described for preparation of compound D in
Example 41. Flash chromatography on silica gel [75 g)
eluted with 1% methanol int—hutylmethylcthcr atforded 626
mg (98%) of compound A as a yellow oil.

B. N-[1-(3,3-Diphenylpropyl)-4-piperidinyl]-N-
(phenylmethyl)ben;aamide, monohydrochloride

Example 42 was prepared from 615 mg of compound A
following the procedure described for compound ll in
Example 41 to atford 540 mg (83%) of Example 42 as a pale
yellow solid; melting point 115—120° C.

Analysis for C_~,4H_-,-,N3OCl+(l.Ct5 H20:
Calc’d: C 76.07, H 7.19, N 5.22, (‘l 6.60

Found: C 76.09, II 7.25, N 5.21, Cl 6.35

EX/\MPl .E 43

N-['1-(3,3-Diphenylpropyl)-4-piperidinyl]-N-
methylbenzamitle, monohydrochloride

-1’ {C}

A. N—[1—(3,3—Diphenylpropyl)—4—piperidinyl]—N—
methylamine

To a solution of 550 mg (1.4 mmol, 1 cq) of compound D
from Example '10 in 5 ml. of tetrahydrofuran at 0° C. was
added 8.4 i11L (8.4 lI1lI1Ul, 6 co) ofa 1 M solution of lithium
aluminum hydride in tetrahydrofu ran and the reaction was
allowed to warm to room temperature. After 15 hours, the
reaction was heated at 60° C. for 4 hours, then quenched by
slow addition of a saturated aqueous. solution of Na2S()_,. To
the resulting heterogeneous mixture was added solid
Na:SO,, and the mixture was stirred for 30 minutes. The
solids were removed by liltration and rinsed well with ethyl
acetate. Concentration of the organic filtrate afforded 400
mg (93%) of compound/\ as a viscous pale yellow oil which
was used without further purification.

B. N—[l—(3,3—DiphenyIpropyl)—4—piperidinyl]—N—
methylbenzarnide

Compound B was prepared from 390 mg (1.3 mmol) of
compound A, "158 ;tL (1.4 mmol) of pyridine and 1o'fj,uL (1.4
mmol) of benzoyl chloride as described for compound I) in
Example 41. Flash chromatography on silica gel [75 g)
eluted with 1.5% methanol in t—butylmcthylether afforded
472 mg (88%) of compound B as a pale yellow oil.

C. N—[1—(3,3—Diphenylpropyl)—4—piperidinyl]—N—
nietliylbcnzanlidc, nlunoliydrucliloride

Example 44 was prepared from 460 mg of compound B
as described for compound l:'. in Example 41 to atforcl 540
mg (82%) of Example 43 as a powdery white solid, melting
point 216—2'l7° C‘.

Analysis for C3_,H3.,,N:OCl:
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Calc’d: C 74.90, H 7.41, N 6.24, Cl 7.90

Iiound: (T 74.64, ll 7.38, N 6.35, Cl 7.75

Additional compounds falling within the scope of the
present invention are described by the following structures.
Substitucnts for each example are identified in the table
following each structure.
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SEQUENCE LISTING

{I} GENERAL INFORMATION:

(iii) NUMBER OF SEQUENCES: 32

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 2906 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(2)) TOPOLOGY: linear

Iii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID HO:l:

AAAETCACAT ACTCCACTGA AGTTTTTCTC GATCGGGGCA AAGGAAACCT CCAAGACAGT ED

GTGGGCTACC GAATTTCATC CAATGTGGAT GTCGCTTTAE TGTGGDGGAG TCCTGAEGGT 120
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GRTGATBACC

CASAGAGGAG

AACTTGGAAG

TTSTACTCAT

CTATTTCAGA

AAAGTGACCT

AAAATRGAGA

ACAECTGTCA

ATACGTGCTT

ABBCTGGAGC

GCCATCATTA

CABBGCAHGT

CTSCAGCCTG

CASCTCAGGA

GTACTACCCC

ATTTTGGACT

TATGCCTGTG

TTCAAAGGTT

CTTGTCAGGA

ABSTTAATCT

CTSGCTCTGA

ACASGAGBAG

TTCATRACTG

CATGAAAAAA

ATSGAAGTAA

ATSCTCTCCA

CAAGTTCTCA

TCTGCATATA

ATTCTTTACT

GAGAAAACTC

ATTGCAGCCA

CTCCTCTTTG

TCCAAAATGC

ATAGATCATT

GGTGGTCTAS

AAAACCCGAG

TCTTTTGTGA

TCCACGGTGC

GTTCCATACA

AACTGATCCA

AGAAGAGCAT

CAATGCAAAG

ATCAAAATGA

TGCAGTTAAG

ACCAGGCTCA

GGGCTGGATT

CTACCTATAA

TABSGCTCAA

TGAAAACCAC

AAGCAGTCGA

GCAAAGGATG

ACAACCTCTC

CGGCAAAGAA

AGCTAGTGGA

TTETGGATTT

CATTTGCCTC

CTTTTGGAAG

AGTTGTGTCA

TGGGAGGACT

AGAACGCCCG

GGCCCATTAG

ATGAGGTAAA

CTGTGCGTAC

AAAACATCCT

TTGTCCAAGA

ACCAAATGCT

CTGGCTAEGT

CTGGTTCTGG

CTCTTCRTGG

CTCCTGATGA

ATGTTCAGCT

TGTCAGCATC

CCCAGGAGCT

CTATTGATAT

TGAAAAATCG

AAGCTGGCTT

AGTTTTCTCA

GGCAGTTTGA

135

AATTACGATG

TTTCAAAGGA

ACCTGTGCTC

ACCAGCAGCC

CTCTGGAACT

TCAAGACARA

TACGACCCCA

GATAGAAGAC

TTTTCTACAA

GGAAGCAAGC

TTCABAGTAC

CCCTTCTCTC

CBAGGCTGAG

AGBAGAGATC

TGCTGTCACC

CAAAAGCACC

ACATCCTGAT

CAATGACATC

GAACCAEGGC

TGAAAAAGCA

GCTTCCAGAA

CCACCTTGCC

GAAGACTATG

THCTGCAGCT

GCTCTCTRTT

CATCCTACGT

CCCTCATAAT

AGAACGGACT

CATTCTAAGG

TATCCAGGTG

GGGGGAAGAG

CAGACCTGTC

TAGTGACCCT

TCAGCTGCBA

TACAGGTGCC

GGTAAGTGTG

GGAAATTGGT

GTACCCATTT

GACAAAATAT

BAAGATGTBA

AAAAAGTCAT

CTTCATCTAA

ATAGAAAATC

ACCAATGAGG

GTGACCAAAA

CATCAGGTCT

AGCTTTGTTG

TCBATAGCAG

GTGAGACTGA

ACGGCCHTTC

TCAGAGCACT

GCTGTCRGAA

CTCCHAATTC

TCTGCTCAGA

GAGAGCGTTA

GAAGAACTCC

BGAGAATCTG

TGCABACTGA

GAGAHAHARG

GGCATCCCGC

GCCACCRCAC

AACAGGATAT

GCCATCRTTT

GGGGAACTTC

TTTGAAACAC

TACGATCGTT

TCCCATTCGG

AGHAGTHATC

GTCATTGAAG

AACCTTGACT

ACTTTTTTCA

ATGAGTGTGG

TCTGGACTTA

RTGGAGTTTA

TTAATAACTG

GCAGAAACAG

TTAGTTTGTC

GAAAGGCTGT

US 6,492,365 B1

—c-ontinued

BCCTTGBBAA

CTCAAATCAT

TKCATGGRRR

TCBAGAGAGG

TAGACATCTC

TTAAGGCTTT

TGGGTGTCAC

TAGCTGTGCT

GCBABBTBGT

BGCCBGGBBR

CCATTGTGGG

GGCAGTCCBT

GCTTCCTGGC

THAAGGCAGA

CHCCAGBCTC

TCCTCCAGGA

TGRGRGCCCT

TTATGATCAT

BAGGBGTBBT

AGGACATCGT

TCCTTCTGAA

TCCAGAGATA

ACCECCAGBA

THBABABCAA

CCAAAGAAAT

CTGCAAGCAA

TCTCCAAEAC

CATCTACTTA

TGBRCRTCTT

CCCAAGGACT

CCTATGCTGG

ACGGGTACAG

TGAAAGGECT

RGGCCAATAT

GTCTRTGGTA

CTCGCATCAC

AAGCAGGCTT

TGCAGATGGA

CCACAGGCAG

TGTGABTCAA

AflQAAA£GAA

GEECAAAGAG

CCTGGCTAGC

TGGAGAETGT

GGATTCATGC

TTCGAAAGCC

CTCAGAAGAG

ETCGRGGCAG

GCAGGTTGCR

GCAGGTCTTC

CESBAABCRC

CTTCATCAAG

BRACAAGGAA

BTTAGACGCC

AAGGTTTCTC

CETTAGTAAG

CETCGGGGCC

BGBAGCCBBR

GREGTACCTG

GTACACAGAG

TGBTGTCCCT

TCGTAAARTA

TCCATCCTAC

GAATAAGTAC

AATGGTCCGT

TCCCTCCTCC

CAGCCTTGAC

TCAGTATETT

GGAGGCATTA

CTTGTCAGCT

TGATTTGAEG

TCTTCTGCTA

GGATGTTCAA

TCGTGAATCT

GGTGGACTCC

GGAGTTTAEC

CAAGGAAGAT

AGGTTACAEC
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TCTCGGAAGA

TCTGACATGT

TGAAACTGAT

TGCCTAAGTA

TGTAGAAEGT

CTACAGGGTC

CTCTCTCAAA

TAAAAAAAAA

GAAABGAAAG

GCAAGGTGGT

GGGGGCTGTT

TTGCTCTCTG

GATGAARAAE

ATTCTGAGCC

TCACATTTAE

AAAAAAAAAA

137

CCTAATAGGA

GTTTGCTCCT

TCATTBGACT

AGAGCACAGT

CTCRCATART

ACTCTATGTG

TACTGTGAAA

(2) INFORMATION FOR SEQ ID NO:2:

GGATGTGABT

CAACCAGAGA

TCRTCTCGCC

GITTACATAT

TRAGTTTGGG

ATACCTTAGT

CTAGTTCTGC

{i} SEQUENCE CHARACTERISTICS:

(3)

(A)
(B) TYPE:
(C)

TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

LENGTH: 3185 base pairs
nucleic acid

STRANDEDNESS: single

(xi) SEQUENCE DESCRIPTION: SEQ ID N032:

GTSACTCCTA

CTSTGCTTTT

GTCTCTCATT

ATCGGGGCAA

TGGCCTTACT

AGGATGTBAA

AAAGCCCATC

TTSATCTAAT

TASBARATAT

CCAATGAGGT

TGATCAAAAT

ATCAGGTCTT

CCTTTGTTAT

CCATTAAGGG

CRAGATTGAT

CGGCCATTCC

CGGAGCTCTG

CTSTCAGAAA

TTCAAATACT

CTSCTCAGAC

GCAGCATTAT

AAGAACTCCT

GAGAAACTGT

GCAAACTCAA

AGAAAAAAGA

GCTGGGCACT

TCTCTGCTTC

AAAIAATGAC

AGGAAAAETG

ATGGAGGAAT

TGTIGABAAT

TAAAATAATG

CCATGGAAAG

CAAGAGAGGT

AGATATCTCT

TABSGCCTTG

GGGTGTCAGT

ACCTCTCCTT

GAAAATAGTA

GTCIGGAAAG

CATIGTGGGG

GCGGTCCACC

CTTCCTGGCC

AAAGATGGAA

CTCHGACTCA

CCTCCAGGAG

GAGAGCCCTC

TATGATCATC

AGCAGTAGTG

GGACACCAGG

GGATGCAGTT

ATTTCCTCAT

CGGCTGTACA

CAAGRCRGCG

CCTGATGGTG

GTGABTCAGC

GGAAAGGAAA

GTCABAGAGT

CTGGCTAGCC

GGAAATTGTA

GATTCATGCA

TCAAAAGCTA

CCTCAACAAA

TCGAAGCAGA

CAGGCTGCAG

CAGGTCTTCC

AGGAAATACC

TTCATTCAGC

AATAAGGAAG

TTAGAAGCCA

AGGTTTCTCT

AHTAGTAAGT

ACTGGGACAE

GAAGCTAAGA

ATGTATCTGC

GAGGATTGCT

ATTCAGCTTC

RGCTCACGTA

TGGGCTACCG

ATGATGACCA

RGAGAGGAGA

ACTTGGAAGC

TCTACTCATA

TATTTCAGAC

HAGTGACCTA

AAATAGCGAG

CATCTGTCAC

CACACAATTT

AATTAGAGCT

CCBTHATCHB

AGAGCCACTG

TGCAGCCTGA

ACCTCAGGAC

TATTACCTCA

TTTTGGACTT

ATGCCTGTGG

TCAAAGGTTC

TTGTCAGAAE

AGTTAATCCT

TGGCTTTGAA

US 6,492,365 B1

—continued

TCCCGCTGCR

GCAGTTCCAG

AGBAGGGATA

TTACCTGTAT

CCTGDATCAT

AGCGTTCTGT

CCTAAGABGA

GGTCBATATG

TGTTAAAGGT

CTCCRCTGBA

CRTTTCCTCC

GTTGBTCCBR

GHBGRGCBEC

TCTGCAABGA

TCBABATGAG

ACBGTTEBGC

CCBGGCTCAT

GTCTGGATTT

CACCTATAAG

TCCACTCAAT

GAAGACAACC

HGCHGTTGBT

TAAAGGATGT

CAACCTTTCC

TGCGAAGRRR

GCTGGTGGAT

TTTGGATTTC

ATTTGCTTCT

TATTCGTAGC

GTTGTGTCAG

GGGAGGACTT

GAATGCCCTG

CCBAGBGBBC

TGGTTGGTTT

AGACGTGACA

TTAAGAGTTT

TTGAEACTAC

TTTCCTGCAT

RACCATTGTT

BTTCTTCTTG

CACACAACTG

GTTCTTCTTG

AACGTGGATG

BTBACGATGR

TTCABBSGAA

CCTACGCTCC

GCAGTGGCCA

TCTGGABCCA

CRAGACAAAG

ACGACCCCAA

ATAGAAGACA

TTCCTACAAA

GAAGCAGGCC

TCAAAGTECR

CCTTCTCTCT

AAGGCTGAGG

GAAGAGATCC

GCTGTCACCT

BRBAGTGACA

CETCCCAATG

AGTGACATCA

AEEGAAGGCT

GAAAAAGCAG

CTTCCAGAAG

78 of 97

2520

2530

2640

2100

2760

2320

2380

2900

60

120

180

240

300

360

420

430

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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GCATCCCAAG

CCACTGCTCT

ACASAATATA

CTATCATTTT

GGGAGCTTCC

TTSAAATGCC

ATSACCGTTT

CCCGTTCCGC

GEASTRACCT

TTATTGAAGC

ACCTTGACTC

CCTTTTTCAA

TCASTGTGGT

CTSGACTAAA

TGGAGTTTAG

TAATAACCAC

CAGAAACAGA

TAGTTTGCAT

AAAGGCTGTC

GATGTGAATT

AGCCGGATAG

TGTCTCCCCG

GTTTACATAT

TCAAATTTGG

TTTCAACAAC

TAGTTATTCT

CAAGGAGAAC

GACTTCCTTA

AAAAA

TCTTCTGAAG

CCAGAGATAT

CCACCAAAAC

AAAIAACAAT

CCAAGARATG

TGCAAGCAAA

CTCCAGGAGT

ATCTACTTAC

GAACATCTTT

CCAAGGACTG

CTATGCTGGT

CGGATACAGT

GABAGGACTT

AGCCAATATA

CTTGTGGTAT

TGACATCACA

AGCAGGCTTG

GCAGATGGAC

CACAGGCAGA

CCCGCTCCAT

TACTTCCAGC

AAAGGGACAC

TTACCTGTAT

GTATATGCAG

GTTCTTAGTT

CTAAGAGGAA

CCAATTTTGT

AGCATGACGG

139

TATGCAGAAG

GATCTCCCTT

CGTHBAGTTC

CCATCCTACA

AATEAATACR

ATTGTCCGTC

GGATCTTCTT

AGCCTAGACA

CAGTACATTG

GAAGCCTTAA

ATGTCAGCCA

GATTTGATGT

ATTCTGCTBA

GAGGTCCAGG

CGTGAGTCTA

GTGGACTCCT

GAGTTTATCT

AAGGATGAAG

GGTTATGTCT

CAAGAGAACT

GGATGGTTTT

ABTGTGGCAT

TTABGATTTT

TBTGCTACCC

TACTTATACC

ACTAGTGTTT

TTCAACAATT

GAAAACCAAA

{2} INFORMATION FOR SEQ ID NO:3:

CAGGAGAAGG

TCATAACTGA

ATGAAAAGAC

TGGACGTCAA

TGCTCGCCAT

GAGTTCTGAA

CTGCCTACAC

TTCTCTACTC

GGARGGCTGG

TCGCAGCCAC

TCCTCTTTGH

CCAAAATGCT

TAGATCRTTC

GTGGTCTAGC

BAACCCGAGT

CTTTTGTGAA

CCACAGTGCA

CTCCATTCAG

CTCAGAAAAG

CAGAGATGTG

GABACTGACC

GACTAAGTAC

TGTAAAAAGC

ACRGCGTCAT

TCTCTCAAAT

GTTAAAAACA

TTTGATCAAT

CACGTTCCCT

{i} SEQUENCE CHARACTERISTICS:
(91
{B}
(C)
(3)

TYPE:

(ii) MOLECULE TYPE: protein

LENGTH: 860 amino acids
amino acid

STRANDEDNESS: single
TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

US 6,492,365 B1

—continued

GCCCBTCBGC

TGAGGTGAAG

TGTGCGCACT

GDACATCCTG

TGTTCAAGAC

GGAAATGGTC

TGGCTACRTA

GGGTTCTGGC

TCTTCECGGT

CCCTGECGBG

TGTTCEGCTC

GICAGCATCT

TCBGGABCTT

TATTGATETT

GHBABATAGG

RGCTGGCCTG

GTTTTCTCAG

CCAATTTGAG

AABAGAABGC

CAAAGTGGTG

TGTGATATET

TTGCTCTCTG

THCABABAAC

TTTGBATCAT

CTCATTTGGT

AAAATAAAAA

GTRTRTGRBG

AATCAGGAAA

CHCCTGGCTR

AAGACCTTAA

GCTGCAGCTG

CTGTCTATTG

ATCCTACGTT

GCTCACARTT

GAACGTAGTC

ATTCTAAGGA

RGCCAGGTGG

GGGGAGGBGR

BGBCCTGTCR

GGCGACCCTA

CHGTTACAAT

TCEGGTGCBA

GTGACTGTGG

GRAACCAGTA

TACCCATTCT

AAAAAGTACG

GTATTAGCAG

TTTGCCCCTC

THSTTGAATT

BGBGCACBSC

TGCAGTTTGA

CHTGTGACGC

BCAGTCAGAA

CAAAACCACA

CTCTTGATAG

ARAAAAAAAA

Lye Leu Thr Tyr Ser Th: Glu Val Phe Len Asp Arg Gly Lys Gly Asn
1 5 10 15

Leu Gln Asp Ser Val Gly Tyr nrg Ile Set Ser Asn Val Asp Val Ala20 25 30

Lea Leu Trp nrg Ser Pro Asp Gly Asp Asp Asn Gln Leu Ile Gln I13
35 40 45
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1560

1620

1630

l?40

1300

1360

1920

1990

2040

2100

2160

2220

2230

2340

2400

2460

2520

25E0

2640

2700

2?60

2820

2330

2940

3000

3060

3120

3100

3135
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Thr

Lys
55

Asa

Aan

Glu
145

Thr

Val

Len

Lys
225

Ala

Gly

His

Ala

Ala
305

Val

Ser

Val

Pro

Phe
385

Leu

Ile

P130

Met
50

Ser

Leu

Ile

Leu

Thr
130

Ala

Ile

Ser

Val

Gln
210

"I‘hr

Ile

Gln

Trp

Glu
290

Let:

Leu

Ile

Asp
3?O

Gly

Val

Glu

Glu

Glu
450

Lys

Ile

Glu

Lys115

Thr

His

Glu

Ala
l95

Ser-

"I‘hr

Ile

Val

Gln
2?5

Ala

Pro

Asp

Leu
355

Glu

Ser

Ala

Asp
435

Gly

Asp

Phe

Ala

Glu
100

Arg

Aan

G1 :1

Ala
180

Val

Tle

Glu

Phe
260

Set

Val

Glu

(3111

Ala
340

G-ln

Glu

Asn

Lys
420

Ile

Ile

val

Met
85

Phe

Glu

Asp

Ala
165

Thr

Leu

Ala

Ala

Ala
245

Gln

Ile

Arq

Glu

Leu
325

Ile:

Glu

Leu

Asp

Leu
405

Lys

Val

P130

Asn

Gly
T0

Gln

Leu

Val

Lys
150

Set

Set

Set
230

Val

59!

Arg

Se:

Ile
310

Val

Leu

Arg

Leu

Ile
390

LEU

Met

L901

141

Arg

Ser

Ala

Asp
1315

Val

PI'.e

Val

Glu

‘Lys
215

Val

Asp

Lys

Phe
255

Leu

Asp

Asp

PI'.e

Arg
3'J'5

Arq

Gln

Ile

L911
455

Glu

Pro

Set
120

Ile

Thr

Thr

Thr

Glu
200

T19.-

Se:

Cys

His
280

Leu

Gln

Ala

Phe:

Leu
360

Ala

Glu

Asn

LEI!

Leu
440

Leu

RSI!

Set

Val

Gln
105

Leu

Ser

Th:

Thr
135

Ile

Val

Leu

Lys
265

Lev

Ala

Ile

Val

Leu
345

Leu

Set

Gln

Gly
425

Let:

Lys

Val

Ser

Leu
90

Asn

Phe

' Ile

Pro
1?0

SFH”

Ty]:
250

Gly

Gln

Phe

Leu

Thr
330

Asp

Ala

Ile

Val

Gly
410

Ala

Ty!‘

RSI’!

Gln
T5

Leu

Glu

Gln

Asp

Lys
l55

His

Lys

Ala

Avg

Pro
235

Th:

Cys

Pro

Ile

Lys
315

Set

Phe

Ser

Met
395

L911

Leu

Thr

US 6,492,365 B1

—continued

Gln
60

Ile

His

Pro

Met

Cya
140

Ala

Gln

Ile

Leu

Gln
220

Ala

Pro

Asp

Lys
300

Ala

Ala

Ala

Lys
330

Ile

Glu

Glu
460

Gln

Ile

Leu

Ala

Gln
125

Leu

Val

Glu

Arq
205

Ile

Se):

Asn
285

His

Glu

13111

Set

Phe
365

Phe

Ile

Leu

Lys

Asn
445

Thr

Ara

Ara

Ile

Ala
110

Leu

Val

Leu

190

Leu

T.F!l'J

Gln

Pro

L811
2'J'0

Leu

Leu

Asn

Th:

Thr
350

Ala

Ala
430

Ala

Gly

Gly

His
95

Ile

Ser

Thr

Se]:

Gly
l?5

Ser

Asn

G1 I]

Val

Ile
255

Set‘

Ser

Pro
335

Glu

Ser

Gly

Gly
415

Glu

Glu

80 of 97

Glu

Glu
80

Gly

Glu

Ser

Cys
160

Val

Phe

Phe

T.eu

Ala
24D

Val

Glu

Thr

Glu
320

Star

His

Ser

Ala
400

Val

Lys

Leu
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Pro
465

Phe

Asn

Ile

Ser

Val
545

Gln

Ser

Ser

Leu

Leu
625

Ile

Phe

Asp

Gln
705

Thr

Ile

Phe
?85

Val

Arg

Glu

Ala

(3

I13

Ile

Leu

I13
530

Gln

Val

Gly

Ala

610

His

Ala

Leu

ASH

Pro
690

Glu

Gly
7?O

Ser

Pro

Phe

Pro
850

Set

Thr

Lys
515

Asp

Leu

Ser

Ser
595

Ala

Ser

Gly
6?5

Met

Leu

Leu

Glu

Gly755

Ala

Gln

Pro
835

Gln

His

Asp

Ile
500

Asn

Glu

Ile

Ser
580

Thr

Ser

Ile

Thr

Ala
660

Tyr

Ser

Gln

Ala

Ser
740

Ile

Glu

Ile
820

Leu

Pro

Leu

Glu
485

His

Asn

Leu

Leu

Glu
565

Set

Asn

Gln

Pro
645

Leu

Ser

Val

Leu

Ile
?25

Thr

Thr

Pro

Gln
B05

Ser

His

Glu

IFFORMATION FOR

Ala
470

Val

Glu

Pro

Pro

Arg
550

Hat

Ala

Ser

Leu

Val
E30

Asp

Leu

Asp

Val

Gln
?l0

Asp

Th:

Val

Glu

Phe
T90

Phe

Arg

Gln

Ser

SEQ ID NO:4:

143

Ala

Ser

Val

Tyr

Leu

Asn
615

Val

Glu

Phe

Leu

Lys
695

Ssr

Ile

Arg

Asp

Ala
T75

Leu

Glu

Glu

Ser
855

Thr

Thr

Tyr
520

Glu

Glu

Ala

Thr

Asp
600

Ile

Ile

Asp

Met
680

Gly

Gly

Thr

Val

Ger
T60

Gly

Val

Thr

Asn
8&0

Set

Th:

Th:

Val
505

Met

Met

Thr

His

Gly535

Ile

Phe

Glu

Glu

Val
665

SE!

Leu

Leu

Lys
745

Ger

LEI‘!

Lys
825

Set

Set

{i} SEQUENCE CHARACTERISTICS:

Leu

Met
490

Glu

Asn

Pro

Asn
570

Tyr

Len

Gln

Ala

Glu
650

Gln

Lys

Leu

Ala
T30

Asn

Phe

Glu

Leu

810

Glu

Asp

Gln
475

Asn

Thr

Val

Ala
555

Gln
635

Asn

Leu

Met

Leu

Ala
?l5

Met

Val

Phe

Gln
T95

Glu

Ser

Met

Trp

US 6,492,365 B1

—continued

Arg Ty: Asp Val

Arg

Thr

Tyr
540

Set

Asp

Glu

Ser

Ile
620

Leu

Arg

LBU

T00

Asn

Glu

Val

Ile
T80

Met

Arg

Leu

Phe
360

Ile

Ala

Asn
525

Net

Arg

Arg

Gly605

Glu

Leu

Asp

Pro

Set
685

I1:

Met

Phe

Ser

Ala
T65

Ser

Asp

Leu

Ile

Lys
8&5

Tyr

Ala
510

Ile

Leu

Phe

Thr
590

Set

Glu

Ser

Val
670

Ala

Ser

Val
750

Gly

Thr

Ser

Gly
B30

Val

His
495

Ala

Leu

Ser

Val

Ser
5?5

Ser

Gly

Thr

Ala

Tyr
655

Thr

Ser

His

Val

Leu
T35

Leu

Leu

val

Glu

Thr
815

Val

81 of 97

Pro
480

Gln

Ile

Leu

Ile

His

Ile

Pro

Leu
6&0

Ala

Phe

Ser

Ser

Gln
720

Trp

Ile

Glu

Gln

Phe
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Met

Ala

Leu

Val
55

Gln

Gly

His

Ile
145

591‘

Thr

Ser

Ser
225

Asn

Glu

Ala

Ils

Ssr
305

Ser

Arg

Ssr

(A) LENGTH:
(B) TYPE:

145

894 amino acids
amino acid

{C} swmmnrnwrss : single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID N034:

Ile

Ser

Lys
50

Ala

Ile

Glu

Glu

Gly130

Glu

Ser

Val
210

Phe

Phe

L911

Ala

Val
290

Glu

Thr

Glu

Asp

Leu

Val

Lys
35

Leu

Leu

Thr

Asn
115

Asn

Gly

Gln

Lys
195

Ser

Val

Leu

Lys

Ala
2T5

Leu

Ala

Ala

Val
355

Set

Leu Ala Val Leu Phe Leu Cys
5 10

Lys Gly His Thr Thr Gly Leu20 25

Leu Thr Tyr Ser Thr Glu Val
40

Gln Asp Ssr Val Gly Tyr Arg

Leu Trp Arg Asn Pro Asp GlyY0

Met Lys Asp Val Asn Val Glu85 90

Se: Ser
100 Ile Phe Lys Gly Lys105

Leu Glu Ala Leu Gln Arg Pro120

Val Lys Glu Phe Tyr Ser Tyr135

Ila Lys Arg Gly Leu Ala
150

Set

Ile
1T0

Thr Thr Asn Glu Val Asp
165

Ala His
180

Gln Asp Lys Val I16
185

Ile Ala Arg Ser Gly Phe Thr
200

Ser Lys Ala Thr Ser Val Thr
215

Ile Ala Val Leu Ala Glu Glu
230

Gln Thr
245

Ile
250Ile Lys Gly Lys

Thr Thr Glu Ala Gly Pro Arg
260 265

Ile Ile Lys Ala Val Asp Ser
280

Gln Val Phe Gln Sar His Cys
255

Trp Arg Ser Thr Arg Lys Tyr
310

Glu Ala Val Arg Asn Phe Leu325 330

Glu Glu Ile Leu Gln
345

Lya Lys
340

Leu Pro Gln Leu Val Asp Ala
360

Leu Glu Ala Ile Lau Asp Phe

Phe

Set

Lea

Ile

Asp
Tb

Asn

Pro

Thr

Gln

Leu
155

SEF

Thr

Thr

Thr
235

Val

LEL1

Leu
315

Ala

Ile

Val

Leu

US 6,492,365 B1

—continued

Ile

Leu

Leu

Ser
60

Asp

Val

Ser

Leu

Asn
140

Phe

Gly

Ile

Pro

Tyr
220

His

Ser

Met

Gly
300

Gln

Phe

Leu

Thr

Asp

Ser

Asn

Asp
45

Ser

Asp

Asn

Leu
125

Glu

Gln

HER

Asn
205

Asn

Ser

Thr
285

Pro

Ile

Ser
365

Phe

Ser

Asn
30

Asn

Gln

Gln

Ile
110

His

Ala

Thr

Cys

190

Gln

Ile

Phe

Gln

Gly
ZTD

Ala

Pro

Gln

350

Ala

Lys

Tyr
15

Asp

Val

Leu

Gln
95

Met

Leu

Val

Gln

Lye
l?5

Leu

Val

Glu

Lys
255

Lye

Ile

Ser

Asn

His
335

Glu

Gln

Ser

82 of 97

Ser

Ile
30

Gly

Ile

Ala

Leu
160

Val

Leu

Leu
240

Lea

Gln

Pro

Leu

Leu
320

Leu

Asn

Thr
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Saar
385

Saar

Ala

Glu
-165

Leu

Glu

Leu

His

Ala
545

Leu

Ala

Val

Ser

Pro
625

Ala

Ala

Thr
1'05

Saar

His

Val

Leu

Val
1'85

3?0

Set

His

Ser

Thr

Val
450

Lya

L611

(31)?

Pro

Gln
530

Ile

Leu

Ila

Ile

Cly

Leu

Ala
690

Pha

Gly

Ser

Gln

Trp
'.I"?O

I13

I13

Pro

Ile

Leu
435

Val

PIC)

Pro

Phe
515

Asn

Ile

Ser

Val

595

Ser

Ser

Leu

Lou

I13
6?5

Phe

Asp

G-ln

Gly
755

Thr

Ile

Asn

Gly
420

Val

Glu

G11:

G11:

I1:
500

Ila

Len

Ile

G-ln
580

Val

Gly

Ala

His
660

Ala

Met

Asn

Prc

G-lu
"I40

Thr

Leu

Glu
405

Ser

Arg

Ala

Aap

G1}:
485

Star

Thr

Asn

G1}?
565

Asp

Leu

Ser

Ser

Arg
6415

Ala

Ser

Ile
T25

Leu

Len

Glu

Asp

Gln
390

Glu

Se:

Thr
-170

Ile

His

Asp

Val

Asn
550

Glu

Ila

Se:

Thr
630

Set

Set

Thr

Ala

Ty:
T10

Se:

Gln

Ala

Sex:

Ila
T90

14'}

3'S‘5

Glu

Leu

Asp

Leu

Lys
455

PIE)

Leu

Glu

His
535

Asn

Leu

Leu

Glu

Ser
615

T)‘:

Asn

Cln

Pro

Ile
695

Set

Val

Leu

Ila

Lys
'.u"'.u‘5

Thr

Lau

Ile

Cys
4-'10

Leu

Met

Ser

Ala

Val
520

G111

‘Pro

Pro

Mat
600

Ala

Ser

Len

Val

Asp
680

Lau

Asp

Val

Gln

Asp
760

Thr

Val

Phe

I19

Ty:

LE1]

Thr
505

Lys

Set

Gln

Leu
585

Val

Ty:

Lev

Asn

Val
665

Glu

Phe

Leu

Ser
745

I19

Leu

Ala
410

Glu

Asn

Len

Leu

LEI]
490

Thr

Glu
570

Glu

Ala

Thr

Asp

Ile
650

Ila

Asp

Met

Gly
"J30

Ser

Val

Set

395

Leu

Thr

Glu

Gly

Leu
-175

Lys

Ala

Thr

Val

Mel:
555

Mel:

Mel:

His

Gly

Ile-
635

‘Phe

Glu

Glu

Val

Ser
T15

Leu

Leu

Gly

Lys

Ser
T95

US 6,492,365 B1

—continued

380

Ala

Ile

Val

Gly

Gly
460

Ala

Tyr

Leu

Leu

Arg
5110

Asp

Asn

Pro

Asn

Tyr
620

L911

(3111

Ala

Glu

Gln
‘I00

Lys

Ile

Lys

Ala

Asn
T80

Phe

Ser

Met

Cys
445

L911

Leu

Ala

Gln

Asn
525

Thr

Val

Ala

Tyr
605

Ile

Cln

Asn
635

Leu

Met

Leu

Ala

Met
765

Arg

Val

Gly

Lys

Ile
430

Lys

Glu

Lya

Glu

Tyr

Set
590

G111

Se):

Ile

GlyETD

Leu

Leu

Leu

Asn
T50

Glu

Val

Lys

Phe

Phe
415

Ile

Leu

Aan

Ala
4'35

Ile

Ala

Asn

Mel:
575

C13!655

Lcu

Asp

Pro

Ser

Ile
‘I35

Ile

Phe

Thr

Ala
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Ala
4100

Ala

Ala
«I30

Gly

Ala

I19
560

Le:L1

Ila

Pha

Sex‘

Sex‘
640

Clu

Sex:

Val

Ala
720

Glu

Ser

Val

Gly
800
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—continued

Leu Glu Thr ser Thr Glu Th: Glu Ala Gly Leu Glu Phe Ile ser Thr305 310 815

Val Gin Phe Ser Gln Ty: Pro Phe Lev Val Cys Met Gin Met Asp Lys
820 B25 B30

Asp Glu Ala Pro Phe Arg Gln Phe Glu Lys Lys Tyr Glu Arg Leu Ser835 840 845

Thr Gly Arg Gly Tyr Val Ser Gln Lys Arg Lys Glu Ser Val Leu Ala
850 855 360

Gly Cys Glu Phe Pro Leu His Gln Glu Asn Set Glu Met Cys Lys ValB65 B70 BTS QED

Val Phe Ala Pro Gln Pro Asp Set Thr Set Thr Gly Trp Phe
B85 390

[2] INFORMATION FOR SEQ ID NO:5:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10? base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(ix) FEATURE:
{A} NAMEIKEV: ens
{B} LOCATION: 3..1o7

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

TT TTT CTC TGC TTC ATT TCC TCA TAT TCA GCT TCT GTT AAA GGT CAC 4?
Phe Leu Cys Phe Ila Set Set Ty: Se: Ala Se: Val Lys Gly His1 5 10 15

RCA ACT GGT CTC TCA TTA BAT BAT GHQ CGA UTA THC BAA CTC HCA THU 95
Thr Thr Gly Leu Ser Leu Asn Asn Asp Arg Leu Tyr Lys Leu Thr Tyr

20 25 30

TC: ACT GAA GTT 107
Set Thr Glu Val

35

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 amino acids
(B) TYPE: amino acid
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Phe Leu Cys Phe Ile Se: Ser Tyr Ser Ala Ser Val Lys Gly His Thr
1 5 10 15

Thr Gly Leu Ser Leu Asn Asn Asp Arg Leu Tyr Lys Leu Thr Tyr Ser
20 25 30

Thr Glu Val
35

{2} INFORMATION FOR SEQ ID NO:7:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

{ii} MOLECULE TYPE: CDNA
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151 152

—continued

(xi) SEQUENCE DESCRIPTION: SEQ ID NORT:

AGAGTCCACT TCTCA 15

{2} INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 806? base pairs
(B) TYPE: nucleic acid
[C] STRBNDEDNESS: double
[3] TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic}

(ix) FEATURE:
(A) NANEIKEY: axon
(B) LOCATION: 1co..2e?

(ix) FEATURE:
(A) NAMEIKEY: —
(B) IOCATION: 4:o..4o1

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: TCO..844

(ix) FEATURE:
{A} NAMEIKEY: —
(B) LOCATION: l19T..ll98

(ix) FEATURE:
(A) NANEIKEY: axon
{B} IocATIoN: 1253..1351

(ix) FEATURE:
(A) NANEIKEY: —
(B) IocATIoN: 1431..1432

(ix) FEATURE:
(A) NANEIKEY: axon
(B) LOCATION: 1586..1?02

(ix) FEATURE:
(A) NAMEIKEY: —
(B) LOCATION: 1?64..1I65

fix) FEATURE:
{A} NAMEIKEY: exon
(B) LOCATION: lE05..l9d5

(ix) FEATURE:
{A} NAME.-".'K.EY: —
{D} LOCATION: 2c1o..2n11

(ix) FEATURE:
{A} NAMEIKEY: exon
(B) IOCATION: 2c49..2199

(ix) FEATURE:
(A) NAMEIKEY: -
(B) IOCATION: 2281..2282

(ix) FEATURE:
(A) NANEIKEY: axon
(B) IOCATION: 2£55..2512

(ix) FEATURE:
(A) NAMEIKEY: -
(E) IOCATION: 2565..2566

(ix) FEATURE:
(A) NAMEKKEY: axon
(B) IOCATION: 2E95..2?63

(ix) FEATURE:
(A) NAME.-".K.EY: -
(B) IOCATION: 2s71..2s?2
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—c-ontinued

(ix) FEATURE:
(A) NAMEIKEY: axon
(B) LOCATION: 2E98..3005

(ix) FEATURE:
(A) NAMEIKEY: -
(B) LOCATION: 3135..3136

(ix) FEATURE:
(A) NAMEIKEY: axon
[B1 LOCATION: 3E89..35Dl

(ix) FEATURE:
(A) NAME,-I'KEY: _
(B) LOCATION: 3763..3?64

(ix) FEATURE:
(A) NANEIKEY: axon
(B) LOCATION: 4c77..42ee

(ix) FEATURE:
(A) NAMEIKEY: -
(B) LOCATION: 4£86..438?

(ix) FEATURE:
(A) NANEIKEY: axon
(B) LOCATION: 4e3o..4?2?

(ix) FEATURE:
{A} NAMEIKEY: exon
(B) IOCATTON: dE]9..d9dU

(ix) FEATURE:
{A} NAME.-"K.EY: —
{B} LOCATION: 5183..5194

(ix) FEATURE:
(A) NAMEIKEY: axon
(B) LOCATION: 5284..5511

{ix} FEATURE:
(A) NAMEIKEY: —
(B) LOCATION: 5567..5568

(ix) FEATURE:
(A) NAME/KEY: exon
{B} LOCATION: 5e85..5ao9

(ix) FEATURE:
{A} NAMEIKEY: —
{B} LOCATION: 5E5T..5B58

(ix) FEATURE:
{A} NAMEIKEY: axon
(B) LOCATION: 5211..5331

(ix) FEATURE:
(A) NAMEIKEY: -
(B) LOCATION: 6&3b..6b36

(ix) FEATURE:
(A) NAMEIKEY: axon
(B) LOCATION: 6740..8n67

(ix) FEATURE:
(A) NAME.-’K.EY: repeat region
(B) LOCATION: _.I"._:-|‘1T..T35-'1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

AAGGTTCCTG AGCCCCACTG TGGTAGAGAB ATGCACTGAT GGTGAGACAG CATGTTCCCT ED

TACAATGBAA ACTGGATATG TGTCATTATC TTTATGCAGG TCACACABCT GGTCTCTCAT 120

TAAATAATGA CCGGCTGTAC AAGCTCAEGT ACTCCACTGA AGTTCTTCTT GAECGGGGCA 13D

AAGGAAAACT GCAAGACAGC GTGGGCTACC GCATTTCCTC CAACGTGGAT GTGGCCTTAC 240
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TATGGAGGAA

ACCAGATAAA

ACTTGTATTG

GGTCTTTGTT

TAAGTATTGC

TTAAAGTGAG

CCAACTCTTT

AGGAAETTTT

AATGTGAATC

ATSGGAAAGG

AHSGTABAGG

CAGTAGATAT

TCAAGAACTA

GTTCCCTTAC

TGAAGTATTT

AGGGATTACA

GATAAATGAT

AGTTCTACTC

GCCTATTTCA

AGGATTCAGC

GTTACTACTA

GACCTCAATT

ATTATGCCCT

GGCTCATCAA

TGGATTTACG

TTACATTTTG

TTTAGGTCTT

GCTTTGTTAT

CCAETAAGGG

TTCTTTGTTA

TTATGCAGGC

AAGCAGGCTG

GGGCAGGTCT

AATAATCATG

AGGAGAACAC

TGTATGTTTT

ACCTTTCCAA

CGAAGAAAGA

CCCAACCTTT

GCCTTTTTTT

TCCTGATGGT

TGCAAAGATT

GGTTCCCGTT

TTAAGGTTTG

TATTTTTGCC

TGGCAAGGTC

CTGTTTCTTT

TTTTAACAGC

AGCAGAGAGG

AAAACTTGGA

GGCCTTTAGA

TATTTTGAGG

AAGAACAGAG

ATTTACTAGC

ATTTATTGAT

AACATAATGT

GCATTTTTGC

ATATCAAAAT

GACACAGTTA

AHCTCAATAA

AGGTAATGCT

TTCABGCCAC

TGCCTTTCTT

GACAAAGTGA

ACCCCAAATC

TAGAGACTAA

GGGTGTCAGT

AGCTGTGCTT

GAAAATAGTA

TATTATTATA

AGAAATTAGA

CAGCCATAAT

TCCAGAGCCA

ACATCAGACT

CCTTTGTAAA

GCAGCTCTCG

GGCTGAGGCT

AGAGATCCTT

GTGTGGGGTT

ATAGACCTCA

155

GATGATGACC

AGATATCAGA

TBTHATCCRT

GTGATGAAAG

TTRTTARARR

CTATAAATCA

ATCATTTTAT

TTTCTTTCTG

AGAGAAGAGC

AGCTCTGCAA

TTCCACBACT

TAATCACATT

GTTGTABATT

CAATTTGTTT

GBBAGGCATT

ABCABAGCBB

TTCATTTGTG

GAGGCAGTGG

AGCTCTGGAA

AATTTGTAAG

CAGABABGGT

TTCTCACTAG

TTTAGGTAGA

TCAABATTBB

AGGTATGATA

TTTACGATGA

TCAAAAGCTA

GCTGAAGAAA

TCGAAGTAAG

CTTGATTTGT

GCTGAAGACA

CAAAGCAGTT

CTGTBARGGA

CTGTTTTCAT

TGTGGATGTT

GRGCTCTGGC

GTCAGAAACT

CAAATACTAA

GTCTGTCAGR

GCTGGTGGAT

AGTTGATCCA

AGTTTTTGGA

TAGTTTCTTA

TTATTTTAAG

RCCTRGTTTA

TGAATTGAAA

TTTCAGAGAT

TTACTCCAGA

ATCTTCBAAG

AGACCTACGC

TTTTCTCCHB

GTAACTACTT

BAATGTTTCC

CCTATTTTTC

ATTAAAAGGT

GTCATCAAAG

TTCTGTTCCC

CCATAGAAAA

CCACCAATGA

GATTTCTACT

GACTTGTGTA

AATTCABATG

TATCTCTGGA

GGCCTTGGAT

GATGTCRCTT

TTACTTGTTA

CATCTGTCAC

CACACAATTT

ATAATGCTAA

ATGATTATAA

ACCGAAGCAG

GATTCAAAGT

TGTCCTTCTG

TTTGTCTCCA

CACAGTTATG

GGTCCACCRG

TCCTGGCCTT

AGATGGAAAA

AACATTTCTG

GCTGTCACCT

US 6,492,365 B1
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BATHBCGGTG

GAAGTGTACC

TCTTBTCACT

CCTAAAGTCA

TAAATACCTT

AATGACAGAA

ACTCTGATGA

TGAAGGATGT

GBBRBAGCCC

TCCTTCBTCT

CTTCHTBTTT

TTATGGTARR

AABCTGBATC

TGGAAATCTT

RABTTTCTCA

CHTGBTTGGA

CTCTCCCCAC

TATCAAGAGA

GGTACTTECC

TATACAATTT

GECCCCTBEG

GCCCBCBBGG

AATTGTBAAG

TCBTGCBAAA

TCTTTGBGGC

TALAGATGGC

CACCTATEAG

TGGACTGAAT

AATTTTTAET

TATAGCATTT

GCCCBAGEET

ACACGGCCAT

THAGTGCAGA

GHGAAAGCAT

AGTGGGGTAT

GRBRTACCTG

CHTTCEGCRC

TAAGGAAGTA

GHGTGGBTAT

CHGCTCAGAC

GGCBTTTTCT

ETTGGACAGC

BRBACAAGCA

CEGAGTTCTT

CTCCATTCTT

GAAAETGTGG

AGACAGATAT

AAATGTTGAA

RTCTRARBTA

BBTCCBTGGR

TTCTTCCCTT

TGGAATTTCT

BETGCCCTGA

TETAGTGGBA

TCAAATTATA

TGBATTCTCT

CAGGTCAAAG

GGTCTGGCTA

ABEAETAAEA

CAGTAGAAGA

GCCTATTBGA

BBTCCCABSC

TGACCTACCA

THGCGAGGTC

ATTAAAATAA

TATTTATTTA

RTRGAAGACA

TTCCTACAAA

TTCTTTGCTA

CCCTTTGGTA

GAEGTCTGGA

TCCCATTGTG

CRAATATGGG

CAACTCATTC

GAGCCTGCAG

CEGCCTGBCA

CTCASGACTG

TTGTAAGTTC

CCATGATTAT

CTCAGACTCA
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300

360

420

480

540

600

660

720

?80

940

900

960

1020

1080

1140

1200

1260

1320

1390

1440

1500

1560

1620

1630

1740

1300

1960

1920

1930

2040

2100

2160

2220

2280

2340

2100

2460

2580

2640
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TT%SBAGCCA

AGGTTTCTCT

ATTGTAAGTC

ACASTAATTA

CCCTGGGTGG

CTSTTATGAT

TCAAAGTAAG

TACTCACCAT

TATTTGNATA

TGTATATGTA

TTATTCCACT

CTTTCTTGGA

CATATATCTA

AGGACTTGAA

TGCCCTGCTT

CATCACCCAC

GGTAAAATCT

ATSAGTCAAA

CTSCTTAAAA

CTHTGCCTBA

GAGATGGAGA

TATCCATGGC

GGGBAATGTA

GAAATGTCCA

AGAAGACCTT

CTSCTGCAGC

TCCTCTCTAT

ACATCCTACG

TCABGCTTAT

ATSCAAAGCT

CTSAGTAATG

GCTCTTGGAA

TTCCAAATTT

ATSTTGCAGC

TTTCTCCAGG

AAAGAGGTTC

GTTATTGTGT

ACTCGGGTTC

CTSGTCTTCA

TTTTGGACTT

ATGCCTGTGG

AAATAGAAAA

AAAGTTTCTT

TTAATAGAGT

CATCACTGGG

TGCAAATCCA

GCTGCCTACT

GCAATRACAC

TTTTTTTTAA

GTGTGCCTCA

CCCABGAATA

AGGTATATGA

AAAGCAGAGA

CCAGAAGGCA

CTCGCTACCA

CCAAGAATAT

TGCAAATTCC

ATAACTCTTA

TGTGCRTAAG

AAGCCACCAG

GTATTAGCCA

GTAACACATG

TTTTAAAAAT

AAACAGAATA

TGCTAECATT

TCCCCACCTT

TTTTGAAATG

TTGTGTGTTC

GGACACCCTT

AAGGGGCTAG

AGGCATGAGG

GACTTGGGAA

AAAATTGTCC

AGTGGATCTT

TCCTTCCATA

GTCATCAGGT

TGGCATTCTA

CGGTAGCCAG

157

TTTGGATTTC

ATTTGCTTCT

TAAAGACCCT

AGATCCGBAT

AAGTTCAAAG

ACRCTTGTCA

ATCTCATGTA

ATTGGCACTC

AATATGCCCA

AAAAAGCATA

GTCARGCRAC

AAGCCAGTCT

TTTTTCAGGC

ABBAAGAGGA

TCCCAAGTCT

CTGCTCTCCA

TTGCAACATT

GCTCAAGTCA

AATTGCATTT

GAAGTATGTG

CTCTTAACGG

GBBCTAGTCA

TATATTTTTA

CTAGATGTGC

THCCACCRRA

TTARATAACA

CCCCAACAAA

CCTGCAAGGT

ATGGGGTACC

GCCTTGCTGT

CCCTAATCCT

AAAATTTGGC

ACAGTCATTA

GTCGBGTTCT

CTTCTGCCTA

CCCCACAACT

AGTCCCCGTT

AGGAGAAGTA

GTAACTCACT

BAAAGTGBCA

CATCCCAATG

CAACTCCTAT

TCTTCGCCCT

GTTCTATTGG

GRAAGTTGTG

TTACATCATT

CTAATTCTCT

TTATTGATAA

ACHCCTTTAT

CABTGCHAHB

CACCCAAGTC

AGTAGTGGAA

CACCRGGATG

TCTGAAGTAT

GAGATATGAT

TACAGAAGAA

CTCTGTATTT

GGGGCTATTC

GTCTGAAGTT

CCTCAGCCTA

CGTGGCCCCC

TGAACACTCA

ACTAAGTTTG

RCCGTAAAGT

ATCCATCCTA

TCAATAAATA

ATAATACATT

GHTGTAGCTA

CATTTTGATA

GATGCTACCA

TTCCTCTTTT

CAATGADJGT

GAAGGAAATG

CACTGGCTAC

TAGCATTGCT

CGGCATCTAC

ACCTGAACAT

TCTCATGGAT

US 6,492,365 B1
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GCBGCETTBT

AAGAACTCCT

AABACTTCTT

RTBGTGBGTC

TAGCAGTGAC

TCAGAATGAA

CTACACCRTT

TTRCTCTEET

THCTCBTTGC

CBBGCTTTBC

CTTTGTBAAR

TTCTTCBBEG

GCTAAGBAGT

THTCTGCTGG

GCBGBAGCAG

CWCCCTTTCA

AARARABBBG

TCCCCAAATA

TBBATGTTTR

CHCTRCBGTC

GDAGTGATCC

RCCAAATCAC

CTBTTCCTGC

AACATCTTAT

TCATGAAAAG

CATGGACGTC

CATCCTCCCC

GCACATGTCT

HTBRTRBTGR

GCAAACTARR

CGCCAGCTGG

THCCACTGAG

GCAGCTTTTT

GTCGCTCACA

ATRGRACGTA

CGAACTCCTA

TTACAGCCTR

CTTTCAGTAC

TTTGCTTAAT

CCTCCBSGAG

GBQAGCCCTC

AAGAATATTA

BCTATTTTAT

ATCAGAGAAA

GGCTGCAAAC

GTCCATTTGA

CTRCTTACCT

TTCTTABGAA

TTGTTTGCTT

CTGTAGGTTG

TETGGTCBTG

TRATCCTGGG

CTTTGAAGAA

GHGAAGGGCC

TAACTGATGA

CETGCTGAAC

GTCTTCTCTC

BTTTCTCBSG

ATGGABGBBA

TCATAGATTC

BRBGGAATCT

TETTCCTGCT

GRACAGGTGA

ACTGTGCGCA

AAGAACATCC

ATTCTTCAAG

CTCTGTGTAT

TGTGGTCETT

TTTCAAATAT

CECCACCCTG

GEETTTTTTT

TTTTCCTCAT

BTTATGACCG

TGTACACCRA

TTAAATTACA

GECAETCTCT

ATTGGGAAGG

AAAGTAEGCA
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2T00

2360

2320

2330

2940

3000

3060

3120

3130

3240

3300

3360

3420

3430

3540

3600

3660

3720

3?30

3340

3900

3960

4020

4030

4140

4200

4250

4320

4330

4440

4500

4560

4620

4630

4?40

4BDO

4360

4920

4930
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AGAAATCAGG

AGTTAATGGT

GGTTTATAGT

ATTGAACTTG

TCACCATTRT

CAGGTGGTTA

GAGGAGAACC

CCTGTCACCT

GACCCTATCA

YCASTCTGTG

AHBEGGHATT

GTACTTRTTA

CT3GA£TAAA

TGGAGTTTAG

TGCATTATAC

GASGA£CTGG

TGTAGTATCT

AGGGCAAACC

CTAAGCACAT

TACGTTCAGA

AASTTTTTTC

AGTGGRCTCC

GGASTTTATC

CAASGATGAA

CASTGCACCA

GTAGAAACCC

AAAAAAAGTC

GAGATAGTTA

CATTCAGTAA

TGTTGCTGTT

GTTATGTCTC

AAGAGAACTC

GATGGTTTTG

ATSTGGCATG

TAAGATTTTT

ATGCTACCCA

ACTTATACCT

CTAGTGTTTG

TCAACAATTT

AAAACCAAAC

CTGAGGTAAA

GGCTTCTGTC

CACTCAGAGA

ACAAATGTCC

TTRCAGAGCA

TTGAAGCCCA

TTGACTCCTA

TTTTCAACGG

GTGTGGTGAA

AGTATTTATT

ATCTACAGCA

TTTTTATAAC

AGCCAATATA

CTTGTGGTAT

ATTTATGAAT

GTTCCAAGAA

TACAGACACT

TTCCCTGCCC

CCAGGTCACC

CCCTGTAAAG

TTTTTTTCTC

TCTTTTGTGA

TCCACAGTGC

GCTCCATTCA

GGAACTTGCA

AGGGAAAGAT

AGTTTCTGGG

TCATATTCTA

CTTGGCTGGA

GTTGTACAGG

TCAGAAAAGA

AGAGATGTGC

AAACTGACCT

ACTAAGTACT

GTAARAAGCT

CEGCGTCATT

CTCTCRAATC

TTAAAAACAA

TTGATCBATG

ACGTTCCCTA

159

ATAAAACATA

ATATTTTGCC

ABGTTTCGBA

ATTTGGCCCC

GGCRGGGAGC

AGGACTGGAA

TGCTGGTATG

ATRCAGTGAT

AGGACTTATT

GAGTCCCTAA

GGAGGTCAAA

TATTATTATG

GHGGTCCAGG

CGTGAGTCTA

THCATATABG

TGTTTTTCBT

CCCCACATCT

AATATCTCAB

TCTGAATCCC

TTACAGCTGT

AAATGTTTAG

AAGCTGGCCT

AGTTTTCTCA

GGTHAGBTGC

TTCBGTTTBG

GAATTTTCTT

ATACCAAAAA

ATCCAGAAAC

GAGGTATAGG

CAATTTGAGA

AAAGAAAGCG

AAAGTGGTGT

GTGBTATTTT

TGCTCTCTGA

ACAAAAAACT

TTGRRTCATC

TCATTTGGTA

AAATAAAAAC

TATATGARGC

ATCAGGAAAA

TATGCTGTGG

CATGATTTCC

TTTGAACTTG

TTGAGAAGTT

TTGCGTCATG

GCCTTAATCG

TCAGCCATCC

TTGATGTCCA

CTGCTAATAG

ACTACGCCAG

TGTNCCHTTG

CTTTTTTCTT

GTGGTCTAGC

AAACCCGAGT

ACTATATCTT

TTTGGTCTTT

GCAACTGAAQ

ACTCACCAGG

TTAAGTGTTT

TAGTCCAATA

GGTGACTGTG

GGAAACCAGT

GTACCCRTTC

AGCGTACAGG

BACATTCAGT

TAARTGAGTA

AAAATCTAAT

AATTTTGCTT

GTGACTTAAC

AAAAGTACGA

TATTAGCAGG

TTGCCCCTCA

ACTTGAATTT

GAGCACAGCG

GCAGTTTGAT

RTGTCACGCT

CAGTCAGAAT

AAAACCACAC

TCTTGATAGG

AAAAAAAAAA

US 6,492,365 B1
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GTBRTGCTBT

TTATCTGTAA

AABCCTBAGT

CTAGCTGCAG

DACATTATAT

CAGCCACCCC

TCTTTGPJGT

AAATCCTGTC

BTCBTTCTCR

GCBCGTBATC

GHBHGGGGGT

CTAGGAACTT

THTTGATATT

GAAABATEGG

GGGTBTTTCT

GTTATGCCCA

GCAGGGGAGA

CCCTCGTTAC

CCTTCCAGTC

CCATTAAAEA

GTBRTHACCA

ACBGBBBCBG

TTBGTTTGCA

TCBTGTTCCA

TTCAGABTTA

GAAGAATAAT

GACTRGTTCA

TGGAACAGAA

TGTGTGTGTA

AAGGCTGTCC

AHGTGAATTC

GCCGGATEGT

GTCTCCCCGA

THTACATEET

CAAATTTGGG

TTCRRCRACG

AGTTBTTCTC

AAGGAGAACC

RCTTCCTTBA

AABAGGTEGG

BGBATGTBER

GAGGCTGTAT

BATTTGATCC

CTCAGAAGCT

TGATTTTDEC

TGACGAGGGG

TCAGCTCAGA

AGCATCTGGC

GGTARTTCflN

BBCBCBACTC

THBCTBBBET

CAGTTACAAT

TCAGGTGCAA

TBEGTGTTTA

GBCCTGCTGA

THCGAAACAA

GCTCAGGGGA

CAGCAGAACT

ACTGGCATCA

TAATATGAAC

CTGBSBECAC

BRGCAGGTTT

TGCAGATGGA

GGBCCATCCC

BRACAAAACA

TGATAAGGCC

TGTGATTCTG

ACTTCAAGTA

ATTCTGTTAA

ACAGGCAGAG

CCGCTCCAEC

RCTTCCAGCG

BAGGGACACA

TECCTGTAET

TATATGCAGT

TTCTTAGTTT

THEGRGGBBA

CAATTTTGTT

GCATGACGGG

RCACARCCAA
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5040

5100

5160

5220

5280

5340

5400

5160

5520

5580

5640

bTUO

5760

5320

5330

5940

6000

6060

6120

6130

6240

6300

6360

6420

6430

6540

6600

6660

6720

6730

6340

6900

6960

T020

T080

T140

T200

T260
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CCCATTTTTT

AASACTTGTT

CCTTAAGGTA

GTTGTTCCAA

AGAGGAATCA

TTSAGACTGT

TGGGGGTGAG

GAACATTGCT

TGTTTTTATT

ACBSATGTGG

ACATGAAATG

TAAATATGTA

TTCTCTTTTT

AGCCAACTTC

GAAGGCACAT

AGACATTCAG

GGAAAATTAA

AATATGGTAC

AGCTCTAGTT

TCAAGAAACT

TGTATGAATT

TGATAAACCC

AAAGTTTAGC

GAAATCATAT

161

TTGGAGTTGG

AAGAATTAAT

AGAAATAACA

GTCTCTACCT

TTTCAGAAAC

ACTGTCCTCT

CATTTAACTG

GGTGGATTTG

AAAAGATCCA

AAAACAAATG

TAGCCCACTA

TGAATTC

{2} INFORMATION FOR SEQ ID NO:9:

GGGCCCAGGG

ATTTATGTCT

TCTCATCTTT

CCAGCCCTGC

TCCATTTGAT

AAGGGACATC

TACTCTGCAC

GATTTCCAAA

TGTTGAACAT

ACAGGTCCTT

TITGTAAATT

ii) SEQUENCE CHARACTERISTICS:

(3)

(A)
(B) TYPE:
(C)

TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

LENGTH: 26 base pairs
nucleic acid

STRANDEDNESS: single

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GGCACTGGAT GCAGTTGAGG ATTGCT

{2} INFORMATION FOR SEQ ID NO:lD:

{i) SEQUENCE CHARACTERISTICS:

(B) TYPE:

linear

(ii) MOLECULE TYPE: CDNA

(A) LENGTH: 26 base pairs
nucleic acid

{C} STRANDEDNESS: sinqle
{D} TOPOLOGY:

US 6,492,365 B1

—continued

AGAAGGGACA

CTGTTATTGT

CTGCTGACCA

AAAAATATTG

TTTTCTTTTG

CTCATTTTAT

AATAGCTAGG

ATATGAAATA

TTGCBAATAT

ATTTTCCAET

GAAAACGAAG

(xi) SEQUENCE DESCRIPTION: SEQ ID H0210:

CGTCAATATG ATTCTTCTTC CTCTCC

(2) INFORMATION FOR SEQ ID NO:ll:

{i} SEQUENCE CHARACTERISTICS:
(R)
(B)
(C)
(3)

TYPE:

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID

LENGTH: 33 base pairs
nucleic acid

STRANDEDNESS: single
TOPOLOGY: linear

CCGGAATTCC CTACCAGGCT CATCAAGACA AAG

{2} INFORMATION FOR SEQ ID NO:l2:

{i} SEQUENCE CHARACTERISTICS:
(A1
(B!
{C}
(3)

TYPE:LENGTH: 26 base pairs
nucleic acid

STRANDEDNESS: single
TOPOLOGY: linear

NO:ll:

AGACTTTTAA

TAGTTTTAAG

TTTTAGTGAG

GACCTAGCAC

CTGTGTCTTT

CTCACCTTTT

ATGACTAAGA

AGGAAAAAAA

TTATTAATAA

BAACACAGAC

TGTGATABAA
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(ii; MOLECULE TYPE: cnna

(xi) SEQUENCE DESCRIPTION: SEQ ID

ACSGCCATTC CCATTGTGGG GCAGGT

[2] INFORMATION FOR SEQ ID NO:l3:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
[B1 TYPE: nucleic acid
(C) STEANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID

TGRCACCCAA GACCTGATTT GGGGTC

{2} INFORMATION FOR SEQ ID NO:l4:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{3} TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID

GCCTGCTTCG GTTGTCTTCA GCTCT

(2) INFORMATION FOR SEQ ID NO:l5:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID

CGCGGATCCT TCTGACAGCC TCAGCCTTGG A

{2} IFFORMATION FOR SEQ ID NO:lS:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 26 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID

GGGAGATCAT ATCTCTGGAG AGCAGT

(2) INFORMATION FOR SEQ ID NO:l?:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID

US 6,492,365 B1

NO:l2:

NO:l3:

NO:ld:

NO:15:

NO:l6:

NO:l?:

—continued
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CGGCGGATCC AGCATAGGAG TCAAGGTTCT C

[2] INFORMATION FOR SEQ ID NO:lB:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:lB:

CCCTTACAAT GAAAACTGG

(2) INFORMATION FOR SEQ ID NO:19:

{ij SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii; MOLECULE TYPE: cum;

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l9:

GGTACACTTC TCCAAAAACT T

(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

{ii} MOLECULE TYPE: CDNA

(ix) FEATURE:
(A) NAME/KEY: (:35
(B) LOCATION: 1..33

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

AGG ART CCT GAT GGT GAT GET GAC CAG TTG ATC
Arg Asn Pro Asp Gly Asp Asp Asp Gln Len Ilel 5 10

{2} INFORMATION FOR SEQ ID NO:2l:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 11 amino acids
(B) TYPE: amino acid
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2l:

Arg Asn Pro Asp Gly Asp Asp Asp Gln Leu Ile
1 5 10

(2) INFORMATION FOR SEQ ID NO:22:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

{ii} MOLECULE TYPE: CDNA

—continued
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16'}

—continued

(ix) FEATURE:
(A) NAMEIKEY: CD5
{B} LOCATION: 1..27

(xi) SEQUENCE DESCRIPTIGN: SEQ ID NO:22:

AC-G RAT CTG RTG G-TG ATG RTG ACC HGT TGATG

Arg hen Leu Met Val Met Met Thr Set1 5

(2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:23l

Arg Asn Leu Met Val Met Met Thr Ser
1 5

{2} INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 302 base pairs
{B} TYPE: nucleic acid
(C) swnawnnnwnss: double
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE =
(A) NAMEIKEY: axon
(B) LOCATION: 1c5..2o3

(ix) FEATURE:
{A} NAMEIKEY: mutation
(B) LOCATION: rep1ace(1l9, “"]

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

ATTTGGCTTC CTCTTTTTTC CACTGAGGAT TTTTTTTTCC AAATTTGBST TGGGAAACAG

TCATTACAAT GAATGTGCAG CTTTTTTTTT CCTCATATGT TGCAGCAAAA TTGTCCGTCG

AGTTCTGAAG GAAATGGTCG CTCACAATTA TGACCGTTTC TCCAGGAGTG GATCTTCTTC

TGCCTACACT GGCTACATAG AAGGTATGTA CACCAAAAAG AGGTTCTCCT TCCATACCCC

ACAACTTAGC ATTGCTGGAA CTGCTATTAA ATTACAGTTA TAGTGTGTCA TCAGGTAGTC

CC

[2] INFORMATION FOR SEQ ID NO:2b:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRBNDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NOI25:

CTCTACCAGC GAGTATTAAT

(2) INFORMATION FOR SEQ ID NO:25:

{i} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 33 base pairs
(B) TYPE: nucleic acid
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(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

US 6,492,365 B1

—continued

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

ACSTAGGATG TCTTGGACAA TGGAGAGCAT GTA

[2] INFORMATION FOR SEQ ID NO:2?:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii; MOLECULE TYPE: cnna

(Xi) SEQUENCE DESCRIPTION! SEQ ID NORZT:

GATCAGTTGG TTATCATCAC CATCAGGACT

[2] INFORMATION FOR SEQ ID NO:2B:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 12 amino acids
{B} TYPE: amino acid
(C) STRANDEDNESS: single
(3) TODOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2B:

Met Ile Leu Leu Ala Val Leu Phe Leu Cys Phe Ile1 5 10

{2} INFORMATION FOR SEQ ID NO:29:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: sinqle
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: CUNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

CGTCAATATG ATTCTTCTTG CTCTCC

(2) INFORMATION FOR SEQ ID NO:3D:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(3) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3D:

GCCTCGATAC TATTTTGCCT GCT

{2} INFORMATION FOR SEQ ID NO:3l:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 141? base pairs
(B) TYPE: nucleic acid
[C] STHANDEDNESS: double
(3) TOPOLOGY: linear
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(ii; MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAMEIKEY:
(B) LOCATION:

axon
?E3..B9D

US 6,492,365 B1

—continued

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3l:

CCSCTCTTDA

TTSGGAAETC

TTSGCTTGCT

ACACATAAGG

AGTGATTGGT

TTTTTATAAT

GTTTRGCAGB

GCAGTTACTA

AGTTTTTTTC

GTTTAGCTCT

GASTGAGAGA

TGAACTTAGG

TGTTGCAGGT

CAGTGACTCC

TGCTGTGCTT

GTTGCCTTTT

TGTGTGTTTG

TABCTTTGGA

TASAAACATT

TGCTTCAATT

TTACCTGCTG

TTTTTTTAAA

AGAATTAGAC

AACATATATT

[2] INFORMATION FOR SEQ ID NO:32:

TCTCTTCCTA

AGACAAATGT

AGTGTGCTAA

ACAATCATCT

GGTGGTATGA

AGCATRAAAA

GTTIGRGAAT

TTACAGGCAT

TTTGAATGCC

CAAAAGTGAA

CTGHAAACTG

TCCTGATTTT

TCTGAAGAGG

TAGCTGGGCA

TTTCTCTGCT

GCTAAACTTT

TGTGAGTGAA

ATGITTGTGA

AAGAAAACAG

TCTCATTCAT

TTGTTGGTCA

AACCGAGTTC

CCAATGAAAA

TAATTCCGTT

GRAATGBGRT

GTGTTGTCAE

TGACAGACAA

ATGTTTCATQ

ATTAACAGTT

TTCAAAGATG

CCTTACTACC

AATGATGATT

CCTCAGTACT

AACATTTAAA

CAGCCCACCT

GGAGTTTGGA

GTCACTCCCT

CTGGATGCAB

TCATTTCCTC

AATTTCCATC

TAGTGAfiAGA

AAGCATGGCT

ATATTTCTTT

GGTCTGTTTT

CATTGAATGC

TTARATTTTC

AGGCATTTGA

ACAATTAAAA

TCRGDAAGGA

AGACACAAAT

TGCTGATTTG

AAAGTTCTAT

TAAATTTAAA

TCCATACABS

CTCCCACBTH

ATGTATTAAG

TCTGCATTTA

GTTTCCTCAT

ACGTTTAATC

GTCTGACCTT

CACTGGCTGC

TTGAGGATTG

ATATTCAGCT

TTTGGAGTTG

GTTTCTGACT

GAGTTGAAAT

TAGTTTCAGT

TAAAAGAAGG

AGCTCCTTCA

TTTTAGTTGC

TTTGCCAAAG

AATGATA

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 564 base pairs
(B) TYPE: nucleic acid
{C} STHDNDEDNESS: double
(3) TOPOLOGY: linear

(ii; MOLECULE TYPE: DNA {genmic]

(ix) FEATURE:
(A) NAMEIKEY: repeat_region
{B} LOCATION: 2S5..34?

CRGGACTGCA

AGAGGTCTAC

CICCAACCTC

CTACTTTAAC

TCCTBABATT

HBBBBTTBBR

GTRTTGTBBT

CAGAAAGAAG

THGGBTGGTA

TGGGTGEABR

RTTAATBGTG

TCCCCAAAGA

CATTGAAAGA

CTCGTCAATA

TCTGTTAABG

GAGGCAGAEA

AHACTATCTT

GHBABCCBBR

TCCTCAGACC

RABABAGATA

TTTGBATTGT

TTAGCAATGT

AATTRTGRAT

(xi) SEQUENCE DESCRIPTION: SEQ ID H0232:

TCCAGCCTGT

TAEGAAATAA

ATACAGTTTC

ATTATTTTGA

CHGTGTGBAT

BTTTGGTTAG

GTGBBTATAG

TAECACCACC

GHCTGGTTTG

EBETTAAAAA

BGCCCTTCAG

TRAACATGAT

GTCCACTTCT

TGATTCTTCT

GTAAGTTTGT

CGTGCGTGTG

CAAAACCBEG

TTCBAATCCC

BGTGTGTTCT

CCCACTATTG

BRBTGAGGAT

GACCTCAAGA

GAAATGGCAC

ACTTTTCAAA TATGTTCTAC AATCAGAAAA GTCCTTTTGT CCTAGTCTGR GRBABAGGGG

GATTGAGTGT AAGTTAATAG TTTAATGGGA AAGCAAATTA GAAATAGGGA CAECTGGGTT

CTSGTCTTAT ATTIGCCACT ACATATGTTT TAGAGGCTTC AGTTTCATGT TTAAARTAAA
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—continued

GATTCTTTGT ATGACAGAGT CTAGGCTGAA BAATTTTTTA

CTAATTCATC CACAGGATTC ATAACCTCTG AAATTAGGCT

AGACACACAC ATACACACAC ACACACACAC ACACACRCAC

AATGGATGAT ATGGGGAAGA GTGGAGAAGT ATTAACAAAA

TGCTFLAACRT CDCACTTAAT CDGAGAAGTG RC3l'I’T'1‘CTCA

TTCAAAAGTT TGCTAACATA TTTTGTAGGT GAGACTATGG

ATTGCTGATG AAAGCCTAAA ATGG

What is claimed is:

'1. A method for treating atherosclerosis in a mammalian
species comprising administration o I‘ a therapeutically elTee-
tivc amount of an agent which decreases the amount or
activity of microsomal triglyceride transfer protein, wherein
said agent is not a polynucleotide compound.

2. A method for decreasing serum lipid levels in a
mammalian species, which comprises administration of a
therapeutically effective amount of an agent which decreases
the amount or activity of microsomal triglyceride transfer
protein, wherein said agent is not a polynucleotide com-
pound,

3. The me-thod of claim 1 or 2, wherein the agent is at
compound of the formula

‘R
}§s_:E  N4<:>1*RnK/ /

or a compound of the formula

0

N N—rz‘/
R6

or a corzupouud of the fornztula

0

ti
R31 \

llf / N
R:

wherein:

R1 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl. eyeloalkyl, eyeloalkylalkyl (all option-
ally substituted through available carbon atoms with 1,
2, or 3 groups selected from halo, alkyl, alkenyl,
alkoxy, aryloxy, aryl, arylalkyl, alkylmercapto,
arylmercapto, cycloalkyl, cycloalkylalkyl, heteroary],
heteroarylalkyl];

R2, R3, R" are independently hydrogen, halo, alkyl,
alkenyl, alkoxy, aryloxy, aryl, arylalkyl, alkylmercapto,
arylmercapto, cyeloalkyl, cycloalkylalkyl, heteroaryl,
heteroarylalkyl;
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GGAAATAGGC CTTTTCATAA
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R5 and Rf‘ are independently hydrogen, alkyl, alkenyl,
ary], heteroary], arylalkyl, heteroarylalkyl, cycloalkyl,
cyclnalkylalkyl (all optionally substituted through
available carbon atoms with 1, 2, or 3 groups selected
from halo, alkyl, alkenyl, alkoxy, aryloxy, aryl,
arylalkyl, alkylmercapto, arylmereapto, eycloalkyl,
eycloalkylalkyl, heteroaryl. heteroarylalkyl; with the
proviso that when R5 is CH_,, R“ is not hydrogen,

R7 is alkyl {optionally substituted with oxo), aryl, or
arylalkyl {wherein the alkyl portion is optionally sub-
stituted with oxo).

4. The method of claim 3, wherein the agent is a com-
pound of the formula

w

or a compound of the formula

0

ta‘/<
N x—R‘/

R5

wherein:
R‘ is —R"—R“' or

at

*1?‘*<Rz:

R“ and R‘ are each independently alkylene or cis-
alkenylene of up to 6 carbon atoms;

R" is aryl or heteroaryl; and
R-“ and R3 are each independently alkyl, alkcnyl, aryl,

arylalkyl, hcteroaryl, heteroarylalkyl, cyeloztll-tyl, or
cycloalkylalkyl.

5. The method of claim 4, wherein R" and R‘ are each
independently aryl, arylalkyl, heteroaryl, or heteroarylalkyl.

6. A method for treating hyperglycemia in a mammalian
species comprising administration of a therapeutically effec-
tive amount of an agent which decreases the amount or
activity of microsomal triglyceride transfer protein, wherein
said agent is not a polynueleotide compound.
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7. A method for treating hypertriglyceridemia in a mam-
malian species comprising administration of a therapeuti-
cally effective amount of an agent which decreases the
amount or activity of microsomal triglyceride transfer

176

istration of a therapeutically elfeetive amount of an agent
which decreases the amount or activity of microsomal
triglyceride protein, wherein said agent is not a polynucle-
otide compound.

protein‘ wherein Said agent is ml a pelynucleolide C0m' 5 10. A method of reducing gastrointestinal triglyceride,
pound. _ _ _ _ ‘ _

8_ A muhod for “eating hypercholcslcmlemia in 3 mam_ fatty acid cliolesterol absorption II] a mammalian species
malian species comprising administration of a therapeuti- comprising administration of a therapeutically elIective

cally cifcctivc amount of an agent which decreases the ammml 0'' an agar“ which decmascs ms amount or activily

ammim or aciiViiy.d0‘[ micrgsomai lri¥’lyCc_1iidC. lualisfcr 1U of nlicrosonial triglyceride transfer protein, wherein said
protein, wherein sai agent is not a po ynuc eot1(e eom- _ _‘ 1 1 _1 _] ‘ dpound. agent 1.5 not a po ynue eottc e (.01Tlp0Ul'l .

9. A method for treating hypertriglyeeridemia and hyper-
eholesterolemia in a mammalin species comprising ac|min— >0: as rt: =0: soc
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