(12)

United States Patent

Tsui et al.

US006730777B1

US 6,730,777 B1
May 4, 2004

10y Patent No.:
45) Date of Patent:

(54
(75)

(73)

()

eay)

(22)

(60)

(51)
(52)

(58)

(56)

EP

EP
GB
WO
WO

WO
WO
WO

CYSTIC FIBROSIS GENE
Inventors: Lap-Chee Tsui, Toronto (CA); John R.
Riordan, Toronto (CA); Francis S.
Collins, Ann Arbor, MI (US); Johanna
M. Rommens, Willowdale (CA);
Michael C. Iannuzzi, Ann Arbor, MI
(US); Bat-Sheva Kerem, Toronto (CA);
Mitchell L. Drumm, Ann Arbor, MI
(US); Manuel Buchwald, Toronto (CA)
Assignees: HSC Research Development
Corporation, Toronto (CA); University
of Michigan, Ann Arbor, MI (US)
Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 1,244 days.
Appl. No.: 08/469,630
Filed: Jun. 6, 1995
Related U.S. Application Data
Division of application No. 08/252,778, filed on Jun. 2,
1994, which is a division of application No. 08/123,864,
filed on Sep. 20, 1993, application No. 08/469,639, which is
a continuation of application No. 08/123,864, which is a
continuation of application No. 07/401,609, filed on Aug.
31, 1989, now abandoned, which is a continuation-in-part of
application No. 07/399,945, filed on Aug. 24, 1989, now
abandoned, which is a continuation-in-part of application
No. 07/396,894, filed on Aug. 22, 1989, now abandoned.
Int. CL7 o CO7K 14/00
US. Cloc e 530/350
Field of Search ................................. 530/350, 300,
530/326; 424/88
References Cited
U.S. PATENT DOCUMENTS
4322274 A 3/1982 Wilson et al. .......... 204/180 G
4,844,893 A 7/1989 Honsik et al. ............. 424/85.8
4,847,201 A 7/1989 Kaswasaki et al. ........... 435/70
4,853,331 A 8/1989 Herrnstadt et al. ...... 435/252.1
4,861,589 A 8/1989 Ju ..oovviiiiiiiiiii 424/93
4,861,719 A 8/1989 Miller ......cccoevvienniinns 435/236
4,868,116 A 9/1989 Morgan et al. .......... 435/240.2
4,980,286 A 12/1990 Morgan et al. .......... 435/172.3
5,240,846 A 8/1993 Collins et al. ... .. 435/240.1
5,407,796 A 4/1995 Cutting et al. ...c...ccc....... 435/6
5,434,086 A 7/1995 Collins et al. .............. 436/125
FOREIGN PATENT DOCUMENTS
0 226 288 6/1987
0 288 299 10/1988
0 446 017 Al 9/1991 ... C12N/5/12
2203 742 10/1988
WO 91/02796 3/1991
WO 91/10734 771991
WO 92/05252 4/1992
WO 92/05273 4/1992
WO 93/17040 9/1993
WO 94/12649 9/1994

OTHER PUBLICATIONS

Kobata, Gina “Cystic Fibrosis Surprise: Genetic Screening
Falters.” The New York Times, issued Nov. 16, 1993.*
Bear et al., “Purification and Functional Reconstitution of
the Cystic Fibrosis Transmembrane Conductance Regulator
(CFTR),” Cell 68:809-818 (Feb. 21, 1992).

Beaudet et al., “Linkage of Cystic Fibrosis to Two Tightly
Linked DNA Markers: Joint Report from a Collaborative
Study,” Am. J. Hum. Genet. 39:681-693 (1986).

Beaudet et al., “Prenatal Diagnosis of Cystic Fibrosis,” J.
Pediatrics 111(4):630—-633 (Oct. 1987).

Beaudet et al., “Linkage Disequilibrium, Cystic Fibrosis and
Genetic Counseling,” Am. J. Hum. Genet. 44:319-326
(1989).

Boat et al., “Human Respiratory Tract Secretions,” Arch.
Biochem. Biophys. 177:95-104 (1976).

Boat et al., “Cystic Fibrosis,” in: The Merabolic Basis of
Inherited Disease, Sixth Ed., vol. II, Scriver et al. (eds.),
New York: McGraw-Hill, pp. 2649-2679 (1989).

Boucher et al., “Na* Transport in Cystic Fibrosis Respira-
tory Epithelia. Abnormal Basal Rate and Response to Ade-
nylate Cyclase Activation,” J. Clin. Invest. 78:1245-1252
(Nov. 1986).

Brock, D.J.H., “Amniotic Fluid Alkaline Phosphatase Isoen-
zymes in Early Prenatal Diagnosis of Cystic Fibrosis,” The
Lancet, pp. 941-943 (Oct. 22, 1983).

Buchwald et al., “Linkage of Cystic Fibrosis to the proa2(I)
Collagen Gene, COL1A2, on Chromosome 7,” Cyfogenet.
Cell Genet. 41:234-239 (1986).

Buchwald et al., “Current Status of the Genetics of Cystic
Fibrosis,” in: Genetics and Epithelial Cell Dysfunction in
Cystic Fibrosis, New York: Alan R. Liss, Inc., pp. 19-29
(1987).

Buchwald et al., “The Genetics of Cystic Fibrosis—Mid
1987,” Excerta Med. Asia Pacific Congress 74:3-9 (1987).
Chen et al., “A cAMP-Regulated Chloride Channel in
Lymphocytes That Is Affected in Cystic Fibrosis,” Science
243:657-660 (Feb. 3, 1989).

Cheng et al., “Increased Sulfation of Glycoconjugates by
Cultured Nasal Epithelial Cells from Patients with Cystic
Fibrosis,” J. Clin. Invest. 84:68=72 (Jul. 1989).

Cliff et al., “Separate CI~ Conductances Activated by cAMP
and Ca®* in Cl—Secreting Epithelial Cells,” Proc. Natl.
Acad. Sci. USA 87:4956—4960 (Jul. 1990).

Collie et al., “Culture of Sweat Gland Epithelial Cells from
Normal Individuals and Patients with Cystic Fibrosis,” In
Vitro Cell. Devel. Biol. 21(10):597-602 (Oct. 1985).

(List continued on next page.)

Primary Examiner—XKaren Cochrane Carlson
(74) Artorney, Agent, or Firm—Sterne Kessler Goldstein &
Fox PL.L.C.

(57) ABSTRACT

The cystic fibrosis gene and its gene product are described
for both the normal and mutant forms. The genetic and
protein information is used in developing DNA diagnosis,
protein diagnosis, carrier and patient screening, drug and
gene therapy, cloning of the gene and manufacture of the
protein, and development of cystic fibrosis affected animals.

3 Claims, 36 Drawing Sheets



US 6,730,777 Bl
Page 2

OTHER PUBLICATIONS

Collins et al., “Construction of a General Human Chromo-
some Jumping Library, with Application to Cystic Fibrosis,”
Science 235:1046-1049 (Feb. 27, 1987).

Corey et al., “Familial Concordance of Pancreatic Function
in Cystic Fibrosis,” J. Pediatrics 115(2):274-277 (Aug.
1989).

Cutting et al., “A Cluster of Cystic Fibrosis Mutations in the
First Nucleotide—Binding Fold of the Cystic Fibrosis Con-
ductance Regulator Protein,” Nature 346:366-369 (Jul. 26,
1990).

Cystic Fibrosis Genetic Analysis Consortium, “Worldwide
Survey of the AF508 Mutation—Report from the Cystic
Fibrosis Genetic Analysis Consortium,” Am. J. Hum. Genet.
47:354-359 (1990).

Dean, M., “Molecular and Genetic Analysis of Cystic Fibro-
sis,” Genomics 3:93-99 (1988).

Dean et al., “Approaches to Localizing Disease Genes as
Applied to Cystic Fibrosis,” Nucl. Acids Res. 18(2):345-350
(1989).

Dean et al., “Multiple Mutations in Highly Conserved
Residues are Found in Mildly Affected Cystic Fibrosis
Patients,” Cell 61:863-870 (Jun. 1, 1990).

Dodge, J.A., “Implications of the New Genetics for Screen-
ing for Cystic Fibrosis,” The Lancet, pp. 672673 (Sep. 17,
1988).

Drumm et al., “Physical Mapping of the Cystic Fibrosis
Region by Pulsed-Field Gel Electrophoresis,” Genomics
2:346-354 (1988).

Drumm et al., “Correction of the Cystic Fibrosis Defect In
Vitro by Retrovirus—Mediated Gene Transfer,” Cell
62:1227-1233 (Sep. 21, 1990).

Estivill et al., “A Candidate for the Cystic Fibrosis Locus
Isolated by Selection for Methylation—Free Islands,” Nature
326:840-845 (Apr. 30, 1987).

Estivill et al.,, “Patterns of Polymorphism and Linkage
Disequilibrium for Cystic Fibrosis,” Genomics 1:257-263
(1987).

Estivill et al., “Isolation of a New DNA Marker in Linkage
Disequilibrium with Cystic Fibrosis, Situated Between J3.11
(D7S8) and IRP,” Am. J. Hum. Genet. 44:704-710 (1989).
Farrall et al., “Recombinations Between IRP and Cystic
Fibrosis,” Am. J. Hum. Genet. 43:471-475 (1988).
Feinberg et al.,, “A Technique for Radiolabeling DNA
Restriction Endonuclease Fragments to High Specific Activ-
ity,” Analyt. Biochem. 132:6—13 (1983).

Frizzell et al., “Altered Regulation of Airway Epithelial Cell
Chloride Channels in Cystic Fibrosis,” Science 233:558-560
(Aug. 1, 1986).

Frizzell, R.A., “Cystic Fibrosis: A Disease of Ion Chan-
nels?,” TINS 10(5):190-193 (1987).

Fulton et al., “A 12 Megabase Restriction Map at the Cystic
Fibrosis Locus,” Nucl. Acids Res. 17(1):271-284 (1989).
Green et al., “Chromosomal Region of the Cystic Fibrosis
Gene in Yeast Artificial Chromosomes: A Model for Human
Genome Mapping,” Science 250:94-98 (Oct. 5, 1990).
Harris et al., “Establishment of a Tissue Culture System for
Epithelial Cells Derived from Human Pancreas: A Model for
the Study of Cystic Fibrosis,” J. Cell Sci. 87:695-703
(1987).

Hyde et al., “Structural Model of ATP-Binding Proteins
Associated with Cystic Fibrosis, Multidrug Resistance and
Bacterial Transport,” Nature 346:362-365 (Jul. 26, 1990).

lannuzzi et al., “Isolation of Additional Polymorphic Clones
from the Cystic Fibrosis Region, Using Chromosome Jump-
ing from D7S8,” Am. J. Hum. Genet. 44:695-703 (1989).
Jensen et al., “Chloride Channel Expression in Cultures of
Sweat Gland Epithelial Cells in Cystic Fibrosis,” J. Cell
Biol. 107(6):139a, Abstract No. 788 (Dec. 1989).

Jetten et al., “Persistence of Abnormal Chloride Conduc-
tance Regulation in Transformed Cystic Fibrosis Epithelia,”
Science 244:1472-1475 (Jun. 23, 1989).

Kartner et al., “Expression of the Cystic Fibrosis Gene in
Non-Epithelial Invertebrate Cells Produces a Regulated
Anion Conductance,” Cell 64:681-691 (Feb. 22, 1991).
Kerem et al., “Identification of the Cystic Fibrosis Gene:
Genetic Analysis,” Science 245:1073—1080 (Sep. 8, 1989).
Kerem et al., “DNA Marker Haplotype Association with
Pancreatic Sufficiency in Cystic Fibrosis,” Am. J. Hum.
Genet. 44:827-834 (1989).

Kerem et al., “Identification of Mutations in Regions Cor-
responding to the Two Putative Nucleotide (ATP)-Binding
Folds of the Cystic Fibrosis Gene,” Proc. Natl. Acad. Sci.
USA 87:8447-8451 (Nov. 1990).

Knowlton et al., “A Polymorphic DNA Marker Linked to
Cystic Fibrosis is Located on Chromosome 7,” Nature
318(6044):380-382 (Nov. 28, 1985).

Kolata, G., “Cystic Fibrosis Surprise: Genetic Screening
Falters,” New York Times, pp. C1, C3 (Nov. 16, 1993).
Korman et al., “Expression of Human Class II Major His-
tocompatibility Complex Antigens Using Retrovirus Vec-
tors,” Proc. Nartl. Acad. Sci. USA 84:2150-2154 (Apr. 1987).
Koshland, D.E., Jr., “The Cystic Fibrosis Gene Story,”
Science 245(4922):1029 (Sep. 8, 1989).

Landry et al., “Purification and Reconstitution of Chloride
Channels from Kidney and Trachea,” Science
244:1469-1472 (Jun. 23, 1989).

Lathrop et al., “Refined Linkage Map of Chromosome 7 in
the Region of the Cystic Fibrosis Gene,” Am. J. Hum.,
Genet. 42:38-44 (1988).

Li et al., “Cyclic AMP—Dependent Protein Kinase Opens
Chloride Channels in Normal but not Cystic Fibrosis Airway
Epithelium,” Nature 331:358-360 (Jan. 28, 1988).

Marx, J.L., “The Cystic Fibrosis Gene is Found,” Science
245:923-925 (Sep. 1, 1989).

Meakin et al., “y—Crystallins of the Human Eye Lens:
Expression Analysis of Five Members of the Gene Family,”
Molec. Cell. Biol. 7(8):2671-2679 (Aug. 1987).

Michiels et al., “Derivation of Clones Close to met by
Preparative Field Inversion of Gel Electrophoresis,” Science
236:1305-1308 (Jun. 5, 1987).

Orr et al., “In Vivo and In Vitro Phosphorylation of Apical
Membrane Proteins of the T-84 Colonic Epithelial Cell
Line,” J. Cell Biol. 107(6):493a, Abstract No. 2776 (Dec.
1989).

Poustka et al., “A Long—Range Restriction Map Encompass-
ing the Cystic Fibrosis Locus and Its Closley Linked Genetic
Markers,” Genomics 2:337-345 (1988).

Quinton, PM., “Cystic Fibrosis: A Disecase in Electrolyte
Transport,” FASEB J. 4:2709-2717 (1990).

Reddy et al., “Lack of P—Adrenergic Responsiveness in
Cells Cultured from Reabsorptive Sweat Ducts of Cystic
Fibrosis (CF) Subjects,” Pediatric Pulmonology Supp.
1:115, Abstract No. 31 (1987).

Reddy et al., “Retention of Basic Electrophysiologic Prop-
erties by Human Sweat Duct Cells in Primary Culture,” In
Vitro Cell. Devel. Biol. 24(9):905-910 (Sep. 1988).



US 6,730,777 Bl
Page 3

Reddy et al., “Electrical Properties of Cultured Reabsorptive
Sweat Duct Cells from Normal and Cystic Fibrosis Subjects:
Intracellular Microelectrode Analysis,” in: Cellular and
Molecular Basis of Cystic Fibrosis, G. Mastella and PM.
Quinton (eds.), San Francisco: San Francisco Press, Inc., pp.
383-393 (1988).

Riordan et al., “Utilization of Cultured Epithelial Cells from
the Sweat Gland in Studies of the CF Defect,” in: Gernetics
and Epithelial Cell Dysfunction in Cystic Fibrosis, New
York: Alan R. Liss, Inc., pp. 59-71 (1987).

Riordan, J., “Reaching Between the Functional and Genetic
Defects in Cystic Fibrosis,” Pediatric Pulmonology Suppl.
1:29 (1987).

Riordan et al., “Molecular Studies of Cultured Epithelial
Cells from the Sweat Gland,” in: Cellular and Molecular
Basis of Cystic Fibrosis, G. Mastella and PM. Quinton
(eds.), San Francisco: San Francisco Press, Inc., pp.
416-424 (1988).

Riordan et al., “Identification of the Cystic Fibrosis Gene:
Cloning and Characterization of Complementary DNA,”
Science 245:1066-1073 (Sep. 8, 1989).

Rommens et al., “Genetic and Physical Mapping of the
Chromosomal Region Containing the Cystic Fibrosis
Locus,” Am. J. Hum. Genet. 43 (3 Suppl.):A199, Abstract
No. 0794 (1988).

Rommens et al., “Identification and Regional Localization
of DNA Markers on Chromosome 7 for the Cloning of the
Cystic Fibrosis Gene,” Am. J. Hum. Genet. 43:645-663
(1988).

Rommens et al., “Physical Localization of Two DNA Mark-
ers Closely Linked to the Cystic Fibrosis Locus by Pulsed—
Field Gel Electrophoresis,” Am. J. Hum. Genet. 45:932-941
(1989).

Rommens et al., “Identification of the Cystic Fibrosis Gene:
Chromosome  Walking and  Jumping,”  Science
245:1059-1065 (Sep. 8, 1989).

Rommens et al., “cAMP-Inducible Chloride Conductance
in Mouse Fibroblast Lines Stably Expressing the Human
Cystic Fibrosis Tranmembrane Conductance Regulator,”
Proc. Natl. Acad. Sci. USA 88:7500-7504 (Sep. 1991).
Sambrook et al., “Oligonucleotide—Mediated Mutagenesis,”
in: Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press,
pp.- 15.51-15.80 (1989).

Sato et al., “Defective Beta Adrenergic Response of Cystic
Fibrosis Sweat Glands In Vivo and In Vitro,” J. Clin. Invest.
73:1763-1771 (Jun. 1984).

Scambler et al., “Chromosome Mediated Gene Transfer of
Six DNA Markers Linked to the Cystic Fibrosis Locus on
Human Chromosome Seven,” Nucl Acids. Res.
1471597174 (1986)

Schmiegleow et al., “Linkage Between the Loci for Cystic
Fibrosis and Paraoxonase,” Clin. Genet. 29:374-377 (1986).

Scholte et al., “Immortalization of Nasal Polyp Epithelial
Cells from Cystic Fibrosis Patients,” FExp. Cell Res.
182:559-571 (1989).

Schoumacher et al., “Phosphorylation Fails to Activate
Chloride Channels from Cystic Fibrosis Airway Cells,”
Nature 330:752-754 (Dec. 24/31, 1987).

Schoumacher et al., “A Cystic Fibrosis Pancreatic Adeno-
carcinoma Cell Line,” Proc. Natl Acad. Sci. USA
87:4012-4016 (May 1990).

Short et al., “AZAP: A Bacteriophage » Expression Vector
with In Vivo Excision Properties,” Nucl. Acids Res.
16(15):7583-7600 (1988).

Slot et al., “No Evidence for Expression of the Insulin—
Regulatable Glucose Transporter in Endothelial Cells,”
Nature 346:369-371 (Jul. 26, 1990).

Smith, M., “In Vitro Mutagenesis,” Ann. Rev. Genet.
19:423-462 (1985).

Smith et al., “Cystic Fibrosis: Diagnostic Testing and the
Search for the Gene,” Clin. Chem. 35/7(B):B17-B20 (1989).
Spence et al., “Linkage of DNA Markers to Cystic Fibrosis
in 26 Families,” Am. J.Hum. Genet. 39:729-734 (1986).
Stutts et al., “Chloride Uptake into Cultured Airway Epi-
thelial Cells from Cystic Fibrosis Patients and Normal
Individuals,” Proc. Natl Acad. Sci. USA 82:6677-6681
(Oct. 1985).

Tabcharani et al., “Bicarbonate Permeability of the Out-
wardly Rectifying Anion Channel,” J. Membrane Biol.
112:109-122 (1989).

Taussig, L.M., “Cystic Fibrosis: An Overview,” in: Cystic
Fibrosis (L.M. Taussig, ed.), New York: Thigme—Stralton,
pp. 1-9 (1984).

Tsui et al., “Cystic Fibrosis Locus Defined by a Genetically
Linked Polymorphic DNA  Marker,” Science
230:1054-1057 (Nov. 29, 1985).

Tsui et al., “Cystic Fibrosis: Progress in Mapping the Dis-
ease Locus Using Polymorphic DNA Markers. 1.” Cyfoge-
net. Cell Genet. 39:299-301 (1985).

Tsui et al., “Mapping of the Cystic Fibrosis Locus on
Chromosome 7,” Cold Spring Harbor Symp. Quant. Biol.
LI:325-335 (1986).

Tsui et al., “Genetic Analysis of Cystic Fibrosis Using
Linked DNA Markers,” Am. J. Hum. Genet. 39:720-728
(1986).

Tsui et al., “Progress Towards Cloning of the Cystic Fibrosis
Gene—Identification of New DNA Markers in the 7Q31
Region,” Protides of the Biological Fluids 35:51-54 (1987).

Tsui et al., “Progress Towards Cloning the Cystic Fibrosis
Gene,” Phil. Trans. R. Soc. Lond. B319:263-273 (1988).

Venglarik et al., “A Simple Assay for Agonist—Regulated C1
and K Conductances in Salt—Secreting Epithelial Cells,” Am.
J. Physiol. 259:C358-364 (1990).

Wahl et al., “Cosmid Vectors for Rapid Genomic Walking,
Restriction Mapping, and Gene Transfer,” Proc. Natl. Acad.
Sci. USA 84:2160-2164 (Apr. 1987).

Wainwright et al., “Localization of Cystic Fibrosis Locus to
Human Chromosome 7cen—q22,” Nature 318:384-385
(Nov. 28, 1985).

Welsh et al., “Chloride and Potassium Channels in Cystic
Fibrosis Airway Epithelia,” Nature 322:467-470 (Jul. 31,
1986).

Welsh, M.J.,, “Abnormal Regulation of Ion Channels in
Cystic Fibrosis Epithelia,” FASEB J. 4:2718-2725 (1990).

White et al., “A Closely Linked Genetic Marker for Cystic
Fibrosis,” Nature 318:382-384 (Nov. 28, 1995).

White et al., “A Frame—Shift Mutation in the Cystic Fibrosis
Gene,” Nature 344:665—667 (Apr. 12, 1990).

Widdicombe et al., “Cystic Fibrosis Decreases the Apical
Membrane Chloride Permeability of Monolayers Cultured
from Cells of Tracheal Epithelium,” Proc. Natl. Acad. Sci.
USA 82:6167-6171 (Sep. 1985).



US 6,730,777 Bl
Page 4

Willumsen et al., “Activation of an Apical C1~ Conductance
by Ca®* Ionophores in Cystic Fibrosis Airway Epithelia,”
Am. J. Physiol. 256:C226—C233 (1989).

Wilson et al., “Correction of the Genetic Defect in Hepato-
cytes from the Watanabe Heritable Hyperlipidemic Rabbit,”
Proc. Natl. Acad. Sci. USA 85:4421-4425 (Jun. 1988).
Wilson et al., “Correction of CD18-Deficient Lymphocytes
by Retrovirus—Mediated Gene Transfer,” Science
248:1413-1416 (Jun. 15, 1990).

Wilson et al., “Expression of Human Adenosine Deaminase
in Mice Reconstituted with Retrovirus—Transduced Hemato-
poietic Stem Cells,” Proc. Natl. Acad. Sci. USA 87:439-443
(Jan. 1990).

Yankaskas et al., “Culture of Human Nasal Epithelial Cells
on Collagen Matrix Supports. A Comparison of Bioelectric
Properties of Normal and Cystic Fibrosis Epithelia,” Am.
Rev. Respir. Dis. 132:1281-1287 (1985).

Zengerling et al., “Mapping of DNA Markers Linked to the
Cystic Fibrosis Locus on the Long Arm of Chromosome 7,”
Am. J. Hum. Genet. 40:228-236 (1987).

Zielinski et al.,, “Genomic DNA Sequence of the Cystic
Fibrosis Transmembrane Conductance Regulator (CFTR)
Gene,” Genomics 10:214-228 (1991).

* cited by examiner



6l

121

181

241

301

361

421

481

541

601

AATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAANAGGGTTGAGCGGCAGGCACCCA

GAGTAGTAGGTCTTTGGCATTAGGAGCTTGAGCCCKGACGGCCCTAGCAGGGACCCCAGC

M Q R S P L E KA SV V s K L F
GCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGTTGTCTCCAAACTTTTT

F W TR?PIULRIEKGY RQRLETULSD
TTCAQCTGGACCAGACCAATTTTGAGGAAAGGATACAGACAGCGCCTGGAATTGTCAGAC

®
I1 YQ 11 P S VDS ADNUNIULSEIKLE E
ATATACCAAATCCCTTCTGTTGATTCTGCTGACAATCTATCTGAAAAAT TGGAAAUAGAN

.
# D REUL A S K KWNZPI KU LTIWNAILRRLC
TGGGATAGAGAGCTGGCTTCAAAGAAAA&TCCTAAACTCATTAATGCCCTTCGGCGATGT

F F W RLEM P Y G T F L Y L
TTTTTCTGGAGATTTATGTTCTATGGAATCTTTTTATATTTAGGHSAAGTCACCAAAGCA

6 RI I A S Y DUPDNIKEE
GTACAGCCTCTCTTACTGGGAAGAATCATAGCTTCCTATGACCCGGATAACAAGGAGGAA

R
CGCTCTATCGCGATTTATCTAGGCATAGGCTTATGCCTTCTCTITATTGTGAGGACACTG

H P A1 F GLHUHI GMAQQMRBRTIAWMN
CTCCTACACCCAGCCATTTTTGGCCTTCATCACATTGGAATGCAGATGAGAATAGCTATG

. .
F S L. I ¥ K K|IT L KL s s RV L D K I S
TTTAGTTTGATTTATAAGAAGACTTTAAAGCTGTCAAGCCGTGTTCTAGATAAAATANGT

16
36
56
16
96
116
136

156

" FIGIA

1002 ‘v ABIN judted ‘S°N

9¢ JO T 3994S

T9 LLLOEL9 SN



661

721

7181

841

901

961

1021

1081

1141

1201

1261

IGQLVSLLSNNLNKFDEALGEEB

ATTGGACAACTTGTTAGTCTCCTTTCCAACAACCTGAACAAATTIGATG GACTTGCA

AP L O Y A L L. M G L 1) W
TTGGCACATTTCGTGTGGATCGCTCCTTTGCAAGTGGCACTCCTCATGGGGCTAATCTGG

E L L Q
GAGTTGTTACAGGCGTCTGCCTTCTGTGGACTTGGTT TCCTGATAGTCCTTGCCCTTTTT

[ ]
oA ¢ . GIR M M M K Y R DQRAGKTIS
CAGGCTGGGCTAGGGAGAATGATGATGAAGTACAGAGATCAGAGAGCTGGGAAGATCAGT

)
E R LV ITSEMTIEWNTIO SV VI KA ATYC
GAAAGACTTGTGATTACCTCAGAAATGATTGAAAATATCCAATCTGTTAAGGCATACTGC

®
W EE A MEIKMYMTIENDNTLR T E L KL T
TGGGAAGAAGCAATGGAAAARATGATTGAAAACTTAAGA CAGAACTGAARACTGACT

R XK A A Y VU RYTVFONS{s AFFF s 6 F Fl
CGGAAGGCAGCCTATGTGAGATACT TCAATAGCTCAGCCT TCTTCTTCTCAGGGTTCTTT

GTGGTGTTTTTATCTGTGCTTCCCTATGCACTAATCAAAGGAATCATCCTCCGGAAAATA

T R Q F P W
TTCACCACCATCTCATTCTGCATTGTICTGCGCATGGCGGTCACTCGGCAATT ICCCTGE

A V QT W YD SLGATI NI KTIO QID F L Q
GCTGTACAAACATGGTATGACTCTCTTGGAGCAATARACAAAATACAGSATTTCTTACAA

K Q E Y KTULEYNTLTTTEVV MEN
AAGCAAGAATATAAGACATTGGAATATAACTTAACGACTACAGAAGTAGTGATGGAGAAT

196

216

236

256

216

296

316

336

356

376

396

F1G.1B

P00T ‘v ABIN judled ‘SN

9¢ JO T 3994S

T9 LLLOEL9 SN



1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

vV T A F WEIEIGF GEULUZ FEI K AI KIOQONN
GTAACAGCCTTCTGGGAGGAGEGATTTGGGGAATTATTTGAGAAAGCAAAACAAAACAAT

°
N N R K T S NG D D S L F F S N_F 8 1 1L
AACAATAGAAAAACTTCTAATGGTGATGACAGCCTCTTICTTCAGTAATTTCTCACTTCTT

¢ T P VL X DI X F K I E R G QO L L A V
GGTACTCCTGTCCTGAAAGATATTAATTTCAAGATAGAAAGAGGACAGTTGTTGGCGGTT
A G 8 T G A G KI T 8 L L M M I M G E L E
GCTGGATCCACTGGAGCAGGCAAGACTTCACTICTAATGATGATTATGGGAGAACTGGAG

[ ]
P 8 £ ¢ X I x B 8 G R I S F ¢ 8 O F S W
CCTTCAGAGGGTAAAATTAAGCACAGT GAAGAATTTICATTCTGITCTCAGTTITCCIGG

A
I M P G T I K E NI I F G V 8 ¥ D E Y R
ATTATGCCTGGCACCATTAAAGARAATATCATCTTTGGTGT TICCTATGATGAATATAGA

vy R 8 VI KA C OUL ® E|D I 8 X F A E X
TACAGAAGCGTCATCAAAGCATGCCARCTAGAAGAGGACATCTCCAAGT TTGCAGAGAAA

P N I VL GE G G T T L S G G O R A R

GACAATATAGTTCTTGGAGAAGGTGGAATCACACTGAGTGGAGGTCAACGAGCAAGAATT
S L A Bi A VvV ¥ XD A DUL Y L L D 8 P F G
TCTTTAGCAAGAGCAGTATACAAAGATGCTGATTTGTATITATTAGACTCTCCTTTTGGA

L
Y L b Vv 1L T E K B I F E C vV C K L M A

TACCTAGATGTTTITAACAGAAAAAGAAATATTTGAAAGCTGTGTCTGTAAACTGATGGCT

c
2
416 -
o
o
43¢ =
H
456
=<
&
476 s
8
T
496
516 £
e
W
o
536 §
556
576 -
N
=Y
596 B
S
FIG.IC 3
. <3
1
=
ok



1921

1581

2041

2101

21¢61

2221

2281

2341

2401

2461

2521

N X TRIUL VTS KMEUHTILIKI KA ATDK1I
AACAAAACTAGGATITTIGGTCACTTCTAARATGGAACATTTAAAGAAAGCTGACARAAATA

e
L1 L HEGS S Y F Y G TV F SEUL QNL
TTAATTTTGCATGAAGGTAGCAGCTATTTTTATGGGACATTTTCAGAACTCCAAAATCTA

ol :
QP DF S S KL M GCDSF DOQUF S A E
CAGCCAGACTTTAGCTCARAACTCATGGGATGTGATTCTTTCGACCAATTTAGTGCAGAA

R R NS I LTUZETIULUHREFSTILEGTDATP
AGAAGAAATTCAATCCTAACTGAGACCTTACACCGTTTCTCATTAGAAGGAGATGCTCCT

] ®©
VS W TETI K K QS FKQTGE F G E K
GTCTCCTGGACAGAAACAAAAAAACAATCTTTTAAACAGACTGGAGAGTTTGGGGAAAAA

o ® 0
R XK NS I L NWUPTIWNUGSTIIRI KUFEFSTIV QK
AGGAAGAATTCTATTCTCAATCCAATCARCTCTATACGAAAATTITCCATTGTGCAAAAG

TP L Q MNGTIUEEDSDEUZPILERIZ RL
ACTCCCTTACAAATGAATGGCATCGAAGAGGATTICTGATGAGCCTTTAGAGAGAAGGCTG

. .
SLVPDSEGQGEA ATILPI RTISUVTIS
TCCTTAGTACCAGATTCTGAGCAGGGAGAGGCGATACTGCCTCGCATCAGCGTGATCAGC

o :
TGP TLQWARIRIROQOQSVILNILM MTHS
ACTGGCCCCACGCTTCAGGCACGAAGGAGGCAGTCTGTCCTGAACCTGATGACACACTCA

d s -]
VNQGQNTIMHIRIEKTTASTIRI KV s L
GTTAACCAAGGTCAGAACATTCACCGAAAGACAACAGCATCCACACGAAAAGTGTCACTG

o 0
AP QANLTETLUDIZYSURIRILSQET
GCCCCTCAGGCAAACTTGACTGAACTGGATATATATTCAAGAAGGTTATCTCAAGAAACT

616

636

€56

676

696

716

736

756

716

796

S E16.1D

P00T ‘v KRN judled ‘SN

9¢ JO ¥ 394§

T9 LLLOEL9 SN



2581

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

G L E 1 S EE I NEEDTILIKJ|ECVFUF D D
GGCTTGGAAATAAGTGAAGAAATTAACGAAGAAGACTT AGTGCTTTTTTGATGAT

M E S 1 P AV TTMWNTUYULRY I TV H
ATGGAGAGCATACCAGCAGTGACTACATGGAACACATACCTTCGATATATTACTGTCCAC

K § L
AAGAGCTTAATTTTTGTGCTAATTTGGTGCTTAGTAATITTTTCTGGCAGAGGTGGCTGCT

i.f
Ils L VvV v]jL w L L G T P L QDI KGNS T
TCTTTGGTTGTGCTGTGGCTCCTTG ACTCCTCTTCAAGACAAMAGGGAATAGTACT

d.(-
H S R NNSYAVIITOTSTSIs Yy gy v Frl
CATAGTAGAAATAACAGCTATGCAGTGATTATCACCAGCACCAGTTCGTATTATGTGTIT

(y 1 Y Vvev ADTILLAMGTFTFRGTLTP
TACATTTACGTGGGAGTAGCCGACACTTTGCTTGCTATGGGATTCTITCAGAGGTCTACCA

L vV HT1ULLITVS KILUHHI KMTIELUHSYV
CTGGTGCATACTCTAATCACAGTGTCGANAATTTTACACCACAAAATGTTACATTCTGTT

.
L Q APMSTULNTITILI KA G I L NRF
CTTCAAGCACCTATGTCAACCCTCAACACGTTGAAAGCAGLTGGGATTCTTAATAGATIC

S K p I A11LDDULULP L T{LI F D F I
TCCAAAGATATAGCAATTTTGGATGACCTTCTGCCTCTTACCATATTTGACTTCATCCAG

[T L L 1 vicai1avyvavyeoe e[y 1 F]

TTGITATTAATTGTGATTGGAGCTATAGCAGTTGTCGCAGTTTTACAACCCTACATCITT

T
GTTGCAACAGTGCCAGTGATAGTGGCTTTTATTATGT TGAGAGCATATTITCCTCCAAACC

836

856

8176

896

916

936

956

976

996

1016

1036

P002 ‘v KB juajed SN

9¢ JO € PIYS

FIG.1E

T9 LLLOEL9 SN



3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3gql

S Q QLK QLE S EGIRSUZPTIUVFTUHIULVYV
TCACAGCAACTCAAACAACTGGAATCTGAAGGCAGGAGTCCAATTITTCACTCATCTTGTT

* e
T S L K GL RRWTULURWAUFGIROQPYZ FET
ACAAGCTTAAAAGGACTATGGACACTTCGTIGCCTTCGGACGGCAGCCTTACTTTGAAACT

L FHB KALNULMHTOANUWUPEFTILTYULS T L
CTGTTCCACAAAGCTCTGAATTTACATACTGCCAACTGGTTCTTGTACCTGTCAACACTG

R W F oMM RIIEMTIFVIPFFTIAVTH
CGCTGGITCCAAATGAGAATAGAAATGATTTITGTCATCTTCTTCATTGCTGTTACCTTC

lx__a__x_.n__r__z_aalz G E G R VY& I I L T 1 »al
ATTTCCATTTTAACAACAGGAGAAGGAGAAGGAAGAGTTGGTATTATCCTGACTTTAGCC

M N T M s T L O W AV N s sSltpvobps 1
ATGAATATCATGAGTACATTGCAGTGGGCTGTAAACTCCAGCATAGATGTGGATAGCTT

M RS VS RV FU KU FTIUDMHMEPTESGI KU?©PT
ATGCGATCTGTGAGCCGAGTCTTTAAGTTCATTIGACATGCCAACAGAAGGTAARACCTACC

®
K § T K?P Y KNGOQULS KV MM ITIUENS
AAGTCAACCAAACCATACAAGAATGGCCAACTCTCGAAAGTITATGATTATTGAGAATTCA

®
H VK KDTUDTIUMWPSGGOQMTVKDTL T
CACGTGAAGAAAGATGACATCTGGCCCTCAGGGGGCCAAATGACTGTCAAAGATCTCACA

A K Y TP GG N A I L B NT 38 F 8 I g8 P
GCAAAATACACAGAAGGTGGAAATGCCATATTAGAGAACATTICCTTCTCAATAAGTCCT

L J
G R IV G G _R S

GGCCAGAGGHTGGGCCTCTTGGGAAGAACTGGATCAGGGAAGAGTACTTTGTTATCAGCT

c

1056 7

"~

1076 =

(¢”]

=

H
1096

1116 =

e

\‘-Ik

[\*}

1136 =
1156

N

=

1176 &

(=)

S

1196 Y
1216

1236 >

=Y

2

1256 k=

FIBIF 5

. 3

1

=

[y



3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

F L R L L N TP GE I QI DGV S WD 8
TTTITGAGACTACTGAACACTGAAGGAGARATCCAGATCGATGGTGTGTC TTGGGATTCA

I T L O O WRIXATPFGCVYVY I P O KV F IF
ATAACTTTGCAACAGTGGAGGAAAGCCTTTGGAGTGATACCACAGAAAGTATTTATTTTT

SG;FRK'NLDPYBQHS-DQEI'H
TCTGGAACATTTAGAAARAAACTTGGATCCCTATGAACAGTGGAGTGATCAAGAAATATGG

K v A DEIVG LR SV I E F P G X L

AAAGTTGCAGATGA&TTGGGCTCAGATC’I‘GTGATAGAACAGT‘I’TCCTGGGAAGCTTGAC
FV 1L VD GG C VDI S HGHEKAO QQTLMXCGC L
TTTGTCCT TGTGGATGGGGGCTGTGTCCTAAGCCATGGCCACAAGCAGTTGATGTGCTTG

AR S VL 38 K A K I L L L DEZP S A H
GCTAGATCTGTTCTCAGTAAGGCGAAGATCTTGCTGCTTGATGAACCCAGTGCTCATTTG

.
DP%TYQIIRRTLKQAFADCT
GATCCAGTRACATACCAAATAATTAGAAGAACTCTAAAACAAGCATTTGCTGATTGCACA
VIUL CEWHI RTIEA AMILUETCOQOQUFIL|V I
GTAATTCTCTGTGAACACAGGATAGAAGCAATGCTGGAATGCCAACAATTTTTHSTCATA

EEN KV R QY D S I QKL LNEIR S L
GAAGAGAACAAAGTGCGGCAGTACGATTCCATCCAGAARACTGCTGAACGAGAGGAGCCTC

d @
FRQATITI S P S DRV KULUFUPUHURNS s
TTCCGGCAAGCCATCAGCCCCTCCGACAGGGTGAAGCTCTTTCCCCACCGGAACTCAAGC

KCK S KP QI AALIKUEETEEZEVQ
AAGTGCAAGTCTAAGCCCCAGATTGCTGCTCTGAAAGAGGAGACAGAAGAAGAGGTGCAA

1276
1296
1316
1336
1356
1376
1396
1416
1436
1456

1476

FI1G.1G

P00T ‘v ABIN judled ‘SN

9¢€ JO L 1994S

T9 LLLOEL9 SN



4561
1621
1681
4741
4801
4861
4921
4981
5041
5101
5161
. 5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121

D T R L = .
GATACAAGGCTTTAGAGAGCAGCATAAATGTTGACATGGGACATTTGCTCATGGAATTGG
AGCTCGTGGGACAGTCACCTCATGGAATTGGAGCTCGTGGAACAGTTACCTCTGCCTCAG
AAAACAAGGATGAATTAAGTTTTTTTTTAAAAAAGAAACATTTGGTAAGGGGAATTGAGG
ACACTGATATGGGTCTTGATAAATGGCTTCCTGGCAATAGTCAAATTGTGTGAAAGGTAC
TTCAAATCCTTGAAGATTTACCACTTGTGTTTTGCAAGCCAGATTTTCCTGAAAACCCTT
GCCATGTGCTAGTAATTGGARAGGCAGCTCTAAATGTCAATCAGCCTAGTTGATCAGCTT
ATTGTCTAGTGAAACTCGTTAATTTGTAGTGTTGGAGAAGAACTGAAATCATACTTCTTA
GGGTTATGATTAAGTAATGATAACTGGAAACTTCAGCGGTTTATATAAGCTTGTATTCCT
TTTTCTCTCCTCTCCCCATGATGTTTAGAAACACAACTATATTGTTTGCTAAGCATTCCA
ACTATCTCATTTCCAAGCAAGTATTAGAATACCACAGGAACCACAAGACTGCACATCAAA
ATATGCCCCATTCAACATCTAGTGAGCAGTCAGGAAAGAGAACTTCCAGATCCTGGAAAT
CAGGGTTAGTATTGTCCAGGTCTACCAAAAATCTCAATATTTCAGATAATCACAATACAT
CCCTTACCTGGGAAAGGGCTGTTATAATCTTICACAGGGGACAGGATGGTTCCCTTGATG
AAGAAGTTGATATGCCTTTTCCCAACTCCAGARAGTGACAAGCTCACAGACCTTTGAACT
AGAGTTTAGCTGGAAAAGTATGTTAGTGCAAATTGTCACAGGACAGCCCTTCTTTCCACA
GAAGCTCCAGGTAGAGGGTGTGTAAGTAGATAGGCCATGGGCACTGTGGGTAGACACACA
TGAAGTCCAAGCATTTAGATGTATAGGTTGATGGTGGTATGTTTTCAGGCTAGATGTATG
TACTTCATGCTGTCTACACTAAGAGAGAATGAGAGACACACTGAAGAAGCACCAATCATG
ATTAGTTTTATATGCTTCTGTTTTATAATTTTIGTIGAAGCAAAATTTTTTCTCTAGGAAA
TATTTATTTTAATAATGTTTCAAACATATATTACAATGCTGTATTTTAAAAGAATGATTA
TGAATTACATTTGTATAAAATAATTTTTATATTTAAAATATTGACTTTTTATGGCACTAG
TATTTTTATGAAATATTATGTTAAAACTGGGACAGGGGAGAACCTAGGGTGATATTAACC
AGGGGCCATGAATCACCTTTTGGTCTGGAGGGAAGCCTTGGGGCTGATCGAGTTGTTGCC
CACAGCTGTATGATTCCCAGCCAGACACAGCCTCTTAGATGCAGTTCTGAAGAAGATGGT
ACCACCAGTCTGACTGTTTCCATCAAGGGTACACTIGCCTTCTCAACTCCAAACTGACTCT
TAAGAAGACTGCATTATATTTATTACTGTAAGAAAATATCACTTGTCAATARAATCCATA
CATTTGTGT (A)n FlG ]H

1480

P00T ‘v ABIAl judled ‘SN

9¢€ JO § 199YS

T9 LLLOEL9 SN



- -L1402
» 1501
2

S »L15a
- GXa - « 1 10b2 - 23C1.4-4A

CF: 110 L24ac/-= cMB8-33

CFaMi N - = - ; -36/37 ~CH131 >( _?,
R sﬁ

™58 pH131 \C Fe137 W3D1A’1_{ b weez

}

HHR R R H HRH H lQHHF‘, HRRRHP:?RR r H i ()] HH RRRRH

i P lHlHll*ﬂlH | . | luﬁ,

MET | .Sollémfl' Srlncu | 50 xr:l l xhol ;lrul )
FIG.2A

P00T ‘v AeIN 1ued ‘SN

9¢ JO 6 I9YS

T9 LLLOEL9 SN



juajed ‘SN

b]
Y

—

€&
I

H2.3A
Xv2C) RI1S9

<o (P4

00T ‘b KeA

1
R160 CF16 \y KM19)

| £G1.4
RRR RR R RER RR R HIRR LB RRRRIR RRR Z
HH HHH H  Hl|HHH| H ' l l l | [ ” Iﬂ &
i (i e 11| LI BRI
' ' Sacll | Sacll ' : -

Xhol SO]| Not| BssHill Sfil
Apal Smal
FIG.2B

T9 LLLOEL9 SN



U.S. Patent May 4, 2004 Sheet 11 of 36 US 6,730,777 Bl

B1 4R14.4(TE 9)
o
R
|

W3W2
14027

| e |
Tt.‘i]e

| pUC112-1x;H25A

»[E8aB
»E5a
»B2B50paq
cJ21 it
E9
o
R RR
il
|
FIG.2C

»TE3a

E26
 wo———]
o
i

77A5

i
I
Sdi

 Emm— 724
pMH1.1
H
150

; o NH24,



- »CcW10-1 -4 4
- TES - »T10
J=TE 17D “\"\TEBQ »TE4DR13.6)
’-——' . v . "TE1 1b
wTEIOb A TEODATE 2
~TE4BC ~—TE7 ==— »TE18
— = TEObE™ \ -.TE ' »T12
TEMART. ~TE22(R19
TE1 ATEHA(R&E?\ - - b\ 152 $22)
(:Mp.6d.9\J13 Hi2 . A4, 5]
[y | = c.._—:{.EEHJLS
R R R RRR RR R R R R
H j|lHH|HH HI IHH H IHH' H'H H r" IH
Y - L Th's ) L
4 1 1 1 t [ l’ ' ‘
250 Saclll Xho)
BssHII
FIG.2D

P00T ‘v ABIAl judled ‘SN

9¢ JO TI 199US

T9 LLLOEL9 SN



TE3S
»TE36
»TE391

18

i )]

1 |
RHRHH HR I'?R
T e

rd

. | 300
Xhol

- -CW16 -5
- . -cWI020
- Y *153; i »TE221
- 5 »TE24V
- —R151 (TEN ITES7 1)
IR LI I T s
H TH HH RF il Mt iH HHH e T |
I R ikl A T
] ]| , Iaéo 1 i
Nrul Xhol — Fspl
FIG.2E

P00T ‘v ABIAl judled ‘SN

9¢€ JO €1 194§

T9 LLLOEL9 SN



- ~TE33I|
~TE2AN l 2E2 7
Xl XN X Xiv XV XVI XVII XVill
N R

P00T ‘v ABIAl judled ‘SN

9¢€ JO 11 19948

T9 LLLOEL9 SN



-~ ~TEse - »TE22
Tl L2l o ™ -TE261 = TE27
>TES3 30,311 321137138 XXII
T o
1 O
| il
450 ' ' ' 500 ' D7s8
sm (7qter) —»
F16.26

P00T ‘v ABIN juded ‘SN

9¢ JO ST 199YS

T9 LLLOEL9 SN



U.S. Patent May 4, 2004 Sheet 16 of 36 US 6,730,777 Bl

J30

g -/
G gl
— @)
. < —_
o
Wi
LS
Q B[R] 3
- — /ﬁ
(0 = Q@ R
—_ 5 ~ «
T
™ -
o
QO -
B -—
™M \l&% 8
5 3 5
TH M.a
< 07
—wd
. e
O & S 3
s
H —



JuNed ‘SN

::z:::zmggzﬁ
MET
PH131 WBD14 J32_D7s8
. metH 3 3
Smet metDl CFE3  TM38 EG14 cei CE10 JB% h/ - =
Y ! -
xx X S
x =
X >l< s X >l(|>.(| X >l(>|( XX =
BV [T 1] | | IR I
A |4 11| A | |[|AAl A A g
B(|BB B B Z
Fl | FFIF F FF F* =
Ly Ll L U L L LL LL s
M 2
N N
| ! | o 500k &
FIG. 3E

T9 LLLOEL9 SN



US 6,730,777 B1

Sheet 18 of 36

May 4, 2004

U.S. Patent

HUMAN BOVINE MOUSE CHICKEN

R i

il mAial i le SETL 0

,« ety Ly ta ot L«.EH. .

gﬁ .mw Fh

FIG.4A

HUMAN MOUSSE HAMSTER BOVINE

P Y .)m.. e e
wy l@ﬁeﬁ it i e o
H .l\g ..dc“z.f :s ?;u.» v’ "

R ;.. &«_v,. ol

[BIF DA v R

. .. \1 TR TINU T NS g
Q. L 4.# “ﬂr.xhwu.....r.-nl

T s

b} &:‘t

o 3

TUWER .:ddlé}u - a. .:,.-.-.a:.r 7 ...t... BIALESIES,
2, Dl . .. o,
Jo't n’ b.m..‘.... S .S_P .—..9-1 'r o kS ¥

H ar c.nJ..

i

.1?:\?)2 . ..3..-.1 = w TRYANL]
g L e l..--«.?r BRI Wpee 4, Isl.

yoiio %

- el i

. te e
P

et (I

w1 2
I o R

R A
e

..%1 r.T: A.ll-.

G ST
a.ilv. . ..s‘.,...- [N

RTINS A

0% .rh_w AR

l‘ah\»
“: ...?:.. h .:.. AN

PR ......ﬂ...vsm._ "
vh..?-z&nt..ra ...e CN

[T A RAAL M)

FIG.4B



U.S. Patent May 4, 2004 Sheet 19 of 36 US 6,730,777 Bl

UMAN MOUSE HAMSTER BOVINE
HP RHP RHP RHP
ik gz | -
138 B |
§x :
i3
¥z
o
it
FIG.4C
H1.6
E43 [ 1
f i
Hind il
EcoRl Hincll | Sacll EcoRli

Accl Xbal Huncll\ BssHil Hndlll
a5 105 | 115 4! 8

CONSERVED l

REGION EXON |

FIG.4D




US 6,730,777 B1

Sheet 20 of 36

May 4, 2004

U.S. Patent

N\

R
O 2

%964. ooy

C.56—

dbhtr  hb

FIG.6



yuaed SN

10-1{1]2]3]4]5]6] (] Exon
Te Y + | 5] 6 VA Intron

= RREEED Others (see legend) §
COLS16A [ 2¢ |5 i
COLS15 [ 2¢ ] 2
COLSt1f1gf 20| 21 | 2 | 3] g
Tier [ 2 a4 s 6] 7 e8] s n [12]3] cowszo i e T [z (2 [2) =
T13-1 V7 « V77777777 CDLS26-1 THZ4 [ 28 ] !

Tie4S5[7]8 e [1w0f1i[12] w3 afjisfefz]is]i9jao]ar[z2]a] 241

FIG. TA

T9 LLLOEL9 SN



?rgazs? 1883 [13] [ 15]wfwrfsfa]|0]21|22]m3] 2¢ |
' 3bpdleleﬁon Ti2za [ w15l 7] w|19]20j21]2]z| 24 |
ciet[2]s[a]5[6]7[8]9]10]nje] '
i
Ci-15 [a[w0 12 13 [ef1s]e]17]18[19f20[21]2|23] 24 |
Consensus [1 |2 ]3] 4156 7 8 9]wfn]12] 13 [14]15)16] 17[1w@]19]20]21|2]23]. 24 |
‘.‘ ..‘ : " " ... ..' “l ‘ i“. ..‘O. .‘.c ..0. “'. .“. ‘0 “'. "\ “! '.'. .'s ..‘:: .‘. .‘\
B&H" hd . ' " '. HI .l‘ '!' v . ] * * . b . . 'o.'.. )
/AN P v MR O sl Y - W YL N I W Y, S W S v
4.3 8.5 46 4.7 5 52 8.3 10.3 43 3524 518 1.8 51945 24102818 8.5 2.223
- .
H1.6

1002 ‘v ABIN judted ‘S°N

9¢€ JO TT 19948

T9 LLLOEL9 SN



U.S. Patent May 4, 2004 Sheet 23 of 36 US 6,730,777 Bl

85—

FIG.8



/

%

m

v
—_—

FSRTEEN
TR TR

5\43 XVIL45 hm f{g i?‘i%%%
-A.i-b. 3’ = L O
M3 itm %o & 40 LV 3.

X1t 24— riw XV 35- m 38)&(H7 &

XX i
- .;;w 14 XVII24- s T é.nz
oA "

(Xim) 18~ “fﬁ -18

t{

i
.,ua'
I ‘

,
s -y.,; 3.

X010
(XIDO5- . .- e

FIG.9A FIG.9B FIG.9C FIG.9D

P00T ‘v ABIAl judled ‘SN

9¢€ JO 1T 19948

T9 LLLOEL9 SN



US 6,730,777 B1

U.S. Patent May 4, 2004 Sheet 25 of 36

630 —

3

194

18 -

Fov

Z!
E T4
;t;m

AR L

Xy

i ""‘:
ae

sae&.-‘}
X
L

iy

75

gz *

P
% nasaid

bis

v
i

FIG.10A



U.S. Patent May 4, 2004 Sheet 26 of 36 US 6,730,777 Bl

> MRNA

L.

5[
<.------..-.--_-_--
LINKER
[vcavava | 8 1 I 1 1
AAAAAAAAAAAA

o A
2 1l
d :
/@M 8
o I
P
i m
: b Q
| ; -
w m O]
| ™

R




AAAAAAAAAAAAAA 3

«Frcacacionnmnstoassinnmsrnsmmitns minme - - — - [ TTTTTTTm

LINKER
S

et trrsesn e 5 2m n  #m can  + m mm = e mmm mems =TT T T T TT 23

<}
C1;'£>ﬁélzé---—----~--—-------------------L-----—----------------t>-~1.5(Kb)
Hidll S e s B (08

;0| 479 |TE-4a
4671 4921 5400

FIG.10C

1002 ‘v ABIN judted ‘S°N

9¢ JO LT I99YS

T9 LLLOEL9 SN



U.S. Patent

HYDROPATHY

May 4, 2004

Sheet 28 of 36

US 6,730,777 B1

A

18

A

W] i

il

) |
Eu,;’,

1000~

1000 1200 1400




U.S. Patent May 4, 2004 Sheet 29 of 36 US 6,730,777 Bl

J
O
u
O
]
wl
v
z CMH.E
5 a U
N xL
>D— >4 00
1
=
e ¢
=
o
?

Day - ~
™ _“+A@e vqlu
+ -.@8 A@. m

© ~ .@@w%@v%%@ L
~ 0 4 ..V@AV@@
(0 ®
= = {0 0@ Do
2 Q.D.@@@Agv+
B g 4+ 0
| Z 5
® ~ VY
® * ; o,
T - 7 5]
®@® 6 (=
G S
L
o
=




JuNed ‘SN

D7S23
H23A D75399
Locus —MET D22 - ove €26 — CF
proBE metp e E8 E7 gV EGU L D% o) tes)
" i Hindl 0190 ol P332 oixs W3 cero =
Banl Mspl  Taq) Taq! Hinf| Hindll 1 sl et Al ST e ;
RLP  [1uq) /Taq, TﬂTl 7 //Ps't//l\lcol }bm :Hcemz ol Niel -
&
|9| T 7/ llllzslgll | L} ! | E
o O oo (P25 20520302535 '35 80 220 550 <650
210 -
g
D7S399 _D7S8  D75426  w
=]
J32 p3H3 py3n 29 . @
Sacl Mspl Pyull

| Pwvull

L

° ] |
<650 60 5 100

F1G6.14

T9 LLLOEL9 SN



PLASMD

%@@@@%@%@%@W W@@o%‘ﬁ@

OLIGONUCLEOTIDE-N
OLIGONUCLECTIDE-AF {i¥g

Ry ¢ $ G SES SEREES F 1
Y{é e &gvev < % %eé é §e§§v ev \S%v & % u.t:' N
L E N I | F &G V . ‘ '
N: AAA GAA AAT ATC ATC TTT GGT GIT OLIGONUCLECTIDE-N: 3 CTTTTATAGTAGAAACCAC 5
L E N | I G vV OLIGONUCLEQTIDE-AF:3" TTCTT TTATAGTA“"*ACCACAA 5’

| CF(AF) AAA GAA AAT ATC AT- -=T GGT GTT

FIG.15

P00T ‘v ABIAl ey ‘S

9¢ JO 1€ 199YS

T9 LLLOEL9 SN



CE'TR
CFIR
hmdrl
hmdrl
mmdrl
mmdrl
mmdr2
mmdr2
pfmdr
pfmdr
STEG6
STES
hlyB
White
MbpX
BtuD
PstB
hisP
malk
cppD
oppF
RbsA
RbsA
UvzA
NodI
FtskE

(N)
(€)
(N)
(C)
(N)
(C)
(N)
(C)
(N)
(C)
(N)
(€

(N)
(C)

B NI BN DN D
FSLLGTPVLKDINEFKIERGQLLAVAGS TGAGKTSLLMMIMG
YTEGGNAILENISEFSISPGQRVGLLGRTGSGKSTLLSAFLR
PSRKEVKILKGLNLKVQSGQTVALVGNSGCGKSTTVQLMQR
PTRPDIPVLQGLSLEVKKGQTLALVGS SGCGKSTVVQLLER
PSRSEVQILKGLNLKVKSGQTVALVGNSGCGKSTTVQLMOR
PTRPNIPVLQGLSLEVKKGQTLALVGS SGCGKSTVVQLLER
PSRANIKILKGLNLKVKSGQTVALVGNSGCGKSTTVQLLQR
PTRANVPVLQGLSLEVKKGQTLALVGS SGCGKSTVVQLLER
DTRKDVEIYKDLSFTLLKEGKTYAFVGESGCGKSTILKLIE
ISRPNVPIYKNLSFTCDSKKTTAIVGETGSGKSTFMNLLLR
PSRPSEAVLKNVSLNFSAGQFTFIVGKSGSGKSTLSNLLLR
PSAPTAFVYKNMNEFDMECGQTLGIIGESGTGKSTLVLLLTK
YKPDSEVILDNINISIRKQGEVIGIVGRSGSGKSTLIKLIQR
IPAPRKHLLKNVCGVAYPGELLAVMGS SGAGKTTLLNALAF
KSLGNLKILDRVSLYVPKFSLIALLGPSGSGKSSLLRILAG
QDVAESTRLGPLSGEVRAGRILHLVGPNGAGKSTLLARIAG
FYYGKFHALKNINLDTAKNQVTAFIGP SGCGKS TLLRTENK
RRYGGHEVLKGVSLQARAGDVISIIGSSGSGKSTFLRCINF
KAWGEVVVSKDINIDIHEGEFVVEVGP SGCGKS TLLRMIAG
TPDGDVTAVNDLNFTLRAGETLGIVGESGSGKSQTAFALMG
QPPKTLKAVDGVILRLYEGETLGVVGESGCGKSTFARAIIG
KAVPGVKALSGAALNVYPGRVMALVGENGAGKS TMMKVLTG
VDNLCGPGVNDVSFTLRKGEILGVSGLMGAGRTELMKVLYG
LTGARGNNLKDVTLTLPVGLEFTCITGVSGSGKSTLINDTLF
KSYGGKIVVNDLSFTIAAGECFGLLGPNGAGKSTIIRMILG
AYLGGRQALQGVTFHMOPGEMAFLTGHSGAGKSTLLKLICG

FI1G.16A

*
|
ISFCSQFSWIMPGTIK-ENIIFGVSYD
DSITLQQWRKAFGVIPQKVFIFSGTEFR
IGVVSQEPVLFATTI-AENIRYGRENV
LGIVSQEPILFDCSI-AENIAYGDNSR
IGVVSQEPVLFATTI-AENIRYGREDV
LGEVSQEPILFDCSI~-AENIAYGDNSR
IGVVSQEPVLSFTTI-AENIRYGRGNV
LGIVSQEPILFDCSI-AENIAYGDNSR
IGVVSQDPLLFSNSI~KNNIKYSLYSL
FSIVSQEPMLFNMSI-YENIKFGREDA
ITVVEQRCTLFNDTL~RKNILLGSTDS
ISVVEQKPLLENGTI~-RDNLTYGLODE
VGVVLQDNVLLNRSI-IDNISLAPGMS
RCAYVQODDLFIGLIAREHLIFQAMVR
MSFVFQHYALFKHMTVYENISFGLRLR
YLSQQQTPPFATPVWHYLTLHQHDKTR
VGMVEQKPTPFPMSI~-YDNIAFGVRLE
GIMVEQHFNLWSHMIVLENVMEAPIQV
VGMVEQSYALYPHLSVAENMSFGLKPA
ISMIFQDPMTSLNPYMRVGEQLMEVLM
IOMIFQDPLASLNPRMTIGEITAEPLR
AGITHQELNLIPQLTIAENIFLGREEV
ISEDRKRDGLVLGMSVKENMSLTALRY
TYTGVETPVRELFAGVPESRARGYTPG
IGIVSQEDNLDLEFIVRENLLVYGRYF
IGMIFQDHHLLMDRIVYDNVAIPLIIA

P00T ‘v ABIAl judled ‘SN

9¢€ JO TE€ US

T9 LLLOEL9 SN



CFTR
CEFTR
hmdrl
hmdrl
mmdrl
mmdrl
mmdr2
mmdr2
pfmdr
pfmdr
STEé
STE®6
hlyB
White
MbpX
BtuD
PstB
hisP
malk
oppD
oppF
RbsaA
RbsA
UvrA
NodlI
FtsE

(N)
(€)
(N)
(C)
(N)
(C)
(N)
{C)
(N)
(C)
(N)
(C)

(N)
(C)

B | I
GEGGITLSGGQRARISLARAVYKDADLYLLDSPFGYLDVLTEK
VDGGCVLSHGHKQLMCLARSVLSKAKILLLDEPSAHLDPVTYQ
GERGAQLSGGOKQRIATARALVRNPKILLLDEATSALDTESEA
GDKGTLLSGGQKQRIAIARALVROPHILLLDEATSALDTESEK
GERGAQLSGGQKQRIAIARALVRNPKILLLDEATSALDTESEA
GDKGTQLSGGQKORIATARALVRQPHILLLDEATSALDTESEK
GDRGAQLSGGQKQRIAIARALVRNPKILLLDEATSALDTESEA
GDKGTQLSGGQKQRIATARALIRQPRVLLLDEATSALDTESEK
GSNASKLSGGQKQRISIARAIMRNPKILILDEATSSLDONKSEY
PYGKS-LSGGQKQRIATARALLREPKILLLDEATSSLDSNSEK
GTGGVTLSGGQQQRVATIARAFIRDTPILFLDEAVSALDIVHRN
RIDTTLLSGGQAQRLCIARALLRKSKILILDECTSALDSVSSS
GEQGAGLSGGQRQRIATARALVNNPKILIFDEATSALDYASEH
PGRVKGLSGGERKRLAFASEALTDPPLLICDEPTSGLDSFTAH
FEYPAQLSGGQKQRVALARSLAIQPDLLL~DEPFGALDGELRR
GRSTNQLSGGEWQRVRLAAVVLQITLLILLDEPMNSLDVAQQSA
HQOSGYSLSGGQQQRLCIARGIAIRPEVLLLDEPCSALDPISTG
GKYPVHLSGGQQQRVSIARALAMEPDVLLEDEPTSALDPELVG
DRKPKALSGGQRQRVAIGRTLVAEPSVFLLDEPLSNLDAALRV
KMYPHEFSGGMRQRVMIAMALLCRPKLLIADEPTTALDVIVQA
NRYPHEFSGGQCQRIGIARALILEPKLIICDDAVSALDVSIQA
DKLVGDLSIGDQOMVEIAKVLSFESKVIIMDEPTCALIDTETE
EQAIGLLSGGNQQOKVAIARGLMTRPKVLILDEPTPGVDVGAKK
GQSATTLSGGEAQRVKLARELSKRGLYILDEPTTGLHEADIQQ
NTRVADLSGGMKRRLTLAGALINDPQLLILDEPTTGLDPHARH
KNFPIQLSGGEQQRVGIARAVVNKPAVLLADEPTGNLDDALSE

F1G.16B

P002 ‘v KB juajed SN

9¢€ JO €€ 19US

T9 LLLOEL9 SN



U.S. Patent May 4, 2004 Sheet 34 of 36 US 6,730,777 Bl

T16 : ci6

—ity

—PMTX] - PMT X2

Iiﬁz, }J /1/\,;

LN PN A ﬁ V
MAALAA'SL

GAAACACCAAAGATGA GAAACACCAATGA

FIG.17A FIG.178B

SRS S

B PRIMER D PRIMER

FIG.18A FIG.18B



US 6,730,777 B1

Sheet 35 of 36

May 4, 2004

U.S. Patent

4 5 6

3

2

1

FIG.19A

4

FIG.19B



U.S. Patent May 4, 2004 Sheet 36 of 36 US 6,730,777 Bl

Rabbit 1 Rabbit 2
Pre. Imm Pre Imm

Mr
Q7 -
66 -
49£2 -
3 -
22 -

FIG.21

g
X g

Preimmune Immune




US 6,730,777 B1

1
CYSTIC FIBROSIS GENE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser.
No. 08/252,778, filed Jun. 2, 1994, which is a divisional of
U.S. application Ser. No. 08/123,864, filed Sep. 20, 1993.
This application is also a continuation of U.S. application
Ser. No. 08/123,864, filed Sep. 20, 1993, which is a con-
tinuation of U.S. application Ser. No. 07/401,609, filed Aug.
31, 1989 (now abandoned), which is a continuation-in-part
(CIP) of U.S. application Ser. No. 07/399,945, filed Aug. 24,
1989 (now abandoned), which is a CIP of U.S. application
Ser. No. 07/396,894, filed Aug. 22, 1989 (now abandoned).

This invention was made with government support under
Grants RO1 DK39690-02 and DK34944 awarded by the
United States National Institutes of Health. The United
States government has certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates generally to the cystic
fibrosis (CF) gene, and, more particularly to the
identification, isolation and cloning of the DNA sequence
corresponding to the normal and mutant CF genes, as well
as their transcripts and gene products. The present invention
also relates to methods of screening for and detection of CF
carriers, CF diagnosis, prenatal CF screening and diagnosis,
and gene therapy utilizing recombinant technologies and
drug therapy using the information derived from the DNA,
protein, and the metabolic function of the cystic fibrosis
transmembrane inductance regulator protein (CFTR).

BACKGROUND OF THE INVENTION

CF is the most common severe autosomal recessive
genetic disorder in the Caucasian population. It affects
approximately 1 in 2000 live births in North America (Boat
et al, The Metabolic Basis of Inherired Disease, 6th ed, pp
2649-2680, McGraw Hill, NY (1989)). Approximately 1 in
20 persons are carriers of the disease.

Although the disease was first described in the late
1930°s, the basic defect remains unknown. The major symp-
toms of cystic fibrosis include chronic pulmonary disease,
pancreatic exocrine insufficiency, and elevated sweat elec-
trolyte levels. The symptoms are consistent with cystic
fibrosis being an exocrine disorder. Although recent
advances have been made in the analysis of ion transport
across the apical membrane of the epithelium of CF patient
cells, it is not clear that the abnormal regulation of chloride
channels represents the primary defect in the disease. Given
the lack of understanding of the molecular mechanism of the
disease, an alternative approach has therefore been taken in
an attempt to understand the nature of the molecular defect
through direct cloning of the responsible gene on the basis
of its chromosomal location.

However, there is no clear phenotype that directs an
approach to the exact nature of the genetic basis of the
disease, or that allows for an identification of the cystic
fibrosis gene. The nature of the CF defect in relation to the
population genetics data has not been readily apparent. Both
the prevalence of the disease and the clinical heterogeneity
have been explained by several different mechanisms: high
mutation rate, heterozygote advantage, genetic drift, mul-
tiple loci, and reproductive compensation.

Many of the hypotheses can not be tested due to the lack
of knowledge of the basic defect. Therefore, alternative
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approaches to the determination and characterization of the
CF gene have focussed on an attempt to identity the location
of the gene by genetic analysis.

Linkage analysis of the CF gene to antigenic and protein
markers was attempted in the 1950’s, but no positive results
were obtained (Steinberg et al Am. J. Hum. Genet. 8:
162-176, (1956); Steinberg and Morton Am. J. Hum. Genet
8: 177-189, (1956); Goodchild et al J. Med. Genet. 7:
417-419, 1976).

More recently, it has become possible to use RFLP’s to
facilitate linkage analysis. The first linkage of an RFLP
marker to the CF gene was disclosed in 1985 (Tsui et al.
Science 230: 1054-1057, 1985) in which linkage was found
between the CF gene and an uncharacterized marker
DOCRI-917. The association was found in an analysis of 39
families with affected CF children. This showed that
although the chromosomal location had not been
established, the location of the disease gene had been
narrowed to about 1% of the human genome, or about 30
million nucleotide base pairs.

The chromosomal location of the DOCRI-917 probe was
established using rodent-human hybrid cell lines containing
different human chromosome complements. It was shown
that DOCR1-917 (and therefore the CF gene) maps to
human chromosome 7.

Further physical and genetic linkage studies were pursued
in an attempt to pinpoint the location of the CF gene.
Zengerling et al (Am. J. Hum. Gener. 40: 228-236 (1987)
describe the use of human-mouse somatic cell hybrids to
obtain a more detailed physical relationship between the CF
gene and the markers known to be linked with it. This
publication shows that the CF gene can be assigned to either
the distal region of band g22 or the proximal region of band
31 on chromosome 7.

Rommens et al (Am. J. Hum. Genet. 43: 645-663, (1988)
give a detailed discussion of the isolation of many new 7q31
probes. The approach outlined led to the isolation of two
new probes, D7S122 and D7S340, which are close to each
other. Pulsed field gel electrophoresis mapping indicates that
these two RFLP markers are between two markers known to
flank the CF gene, MET (White, R., Woodward S., Leppert
M., et al. Nature 318: 382-384, (1985)) and D7S8
[Wainwright, B. J., Scambler, P. J., and J. Schmidtke, Nature
318: 384-385 (1985)), therefore in the CF gene region. The
discovery of these markers provides a starting point for
chromosome walking and jumping.

Estivill et al, (Nature 326: 840-845(1987)) disclose that a
candidate cDNA gene was located and partially character-
ized. This however, does not teach the correct location of the
CF gene. The reference discloses a candidate cDNA gene
downstream of a CpG island, which are undermethylated
GC nucleotide-rich regions upstream of many vertebrate
genes. The chromosomal localization of the candidate locus
is identified as the XV2C region. This region is described in
European Patent Application 88303645.1. However, that
actual region does not include the CF gene.

A major difficulty in identifying the CF gene has been the
lack of cytologically detectable chromosome rearrange-
ments or deletions, which greatly facilitated all previous
successes in the cloning of human disease genes by knowl-
edge of map position.

Such rearrangements and deletions could be observed
cytologically and as a result, a physical location on a
particular chromosome could be correlated with the particu-
lar disease. Further, this cytological location could be cor-
related with a molecular location based on known relation-
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ship between publicly available DNA probes and
cytologically visible alterations in the chromosomes.
Knowledge of the molecular location of the gene for a
particular disease would allow cloning and sequencing of
that gene by routine procedures, particularly when the gene
product is known and cloning success can be confirmed by
immunoassay of expression products of the cloned genes.
In contrast, neither the cytological location nor the gene
product of the gene for cystic fibrosis was known in the prior
art. With the recent identification of MET and D788, mark-
ers which flanked the CF gene but did not pinpoint its
molecular location, the present inventors devised various
novel gene cloning strategies to approach the CF gene in
accordance with the present invention. The methods
employed in these strategies include chromosome jumping
from the flanking markers, cloning of DNA fragments from
a defined physical region with the use of pulsed field gel
electrophoresis, a combination of somatic cell hybrid and
molecular cloning techniques designed to isolate DNA frag-
ments from undermethylated CpG islands near CF, chromo-
some microdissection and cloning, and saturation cloning of
a large number of DNA markers from the 7q31 region. By
means of these novel strategies, the present inventors were
able to identify the gene responsible for cystic fibrosis where
the prior art was uncertain or, even in one case, wrong.
The application of these genetic and molecular cloning
strategies has allowed the isolation and cDNA cloning of the
cystic fibrosis gene on the basis of its chromosomal location,
without the benefit of genomic rearrangements to point the
way. The identification of the normal and mutant forms of
the CF gene and gene products has allowed for the devel-
opment of screening and diagnostic tests for CF utilizing
nucleic acid probes and antibodies to the gene product.
Through interaction with the defective gene product and the
pathway in which this gene product is involved, therapy
through normal gene product supplementation and gene
manipulation and delivery are now made possible.

SUMMARY OF THE INVENTION

The gene involved in the cystic fibrosis disease process,
hereinafter the “CF gene” and its functional equivalents, has
been identified, isolated and ¢cDNA cloned, and its tran-
scripts and gene products identified and sequenced. A three
base pair deletion leading to the omission of a phenylalanine
residue in the gene product has been determined to corre-
spond to the mutations of the CF gene in approximately 70%
of the patients affected with CF, with different mutations
involved in most if not all the remaining cases.

With the identification and sequencing of the gene and its
gene product, nucleic acid probes and antibodies raised to
the gene product can be used in a variety of hybridization
and immunological assays to screen for and detect the
presence of either a normal or a defective CF gene or gene
product. Assay kits for such screening and diagnosis can also
be provided.

Patient therapy through supplementation with the normal
gene product, whose production can be amplified using
genetic and recombinant techniques, or its functional
equivalent, is now also possible. Correction or modification
of the defective gene product through drug treatment means
is now possible. In addition, cystic fibrosis can be cured or
controlled through gene therapy by correcting the gene
defect in situ or using recombinant or other vehicles to
deliver a DNA sequence capable of expression of the normal
gene product to the cells of the patient.

According to an aspect of the invention, a DNA molecule
comprises a DNA sequence selected from the group con-
sisting of:
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(a) DNA sequences which correspond to the DNA
sequence as set forth in the following FIGS. 1A-1H
from amino acid residue position 1 to position 1480;

(b) DNA sequences encoding normal CFTR polypeptide
having the sequence according to the following FIGS.
1A-1H for amino acid residue positions from 1 to
1480,

(c) DNA sequences which correspond to a fragment of the
sequence of the following FIGS. 1A-1H including at
least 16 sequential nucleotides between amino acid
residue positions 1 and 1480;

(d) DNA sequences which comprise at least 16 nucle-
otides and encode a fragment of the amino acid
sequence of the following FIGS. 1A-1H; and

(e) DNA sequences encoding an epitope encoded by at
least 18 sequential nucleotides in the sequence of the
following FIGS. 1A—1H between amino acid residue
positions 1 and 1480.

According to another aspect of the invention, a purified
mutant CF gene comprises a DNA sequence encoding an
amino acid sequence for a protein where the protein, when
expressed in cells of the human body, is associated with
altered cell function which correlates with the genetic dis-
ease cystic fibrosis.

According to another aspect of the invention, a purified
RNA molecule comprises an RNA sequence corresponding
to the above DNA sequence.

According to another aspect of the invention, a DNA
molecule comprises a cDNA molecule corresponding to the
above DNA sequence.

According to another aspect of the invention, a purified
nucleic acid probe comprises a DNA or RNA nucleotide
sequence corresponding to the above noted selected DNA
sequences of groups (a) to ().

According to another aspect of the invention, a DNA
molecule comprises a DNA sequence encoding mutant
CFTR polypeptide having the sequence according to the
following FIGS. 1A-1H for amino acid residue positions 1
to 1480. The sequence is further characterized by a three
base pair mutation which results in the deletion of pheny-
lalanine from amino acid residue position 508.

According to another aspect of the invention, a DNA
molecule comprises a cDNA molecule corresponding to the
above DNA sequence.

According to another aspect of the invention, the cDNA
molecule comprises a DNA sequence selected from the
group consisting of:

(a) DNA sequences which correspond to the mutant DNA
sequence and which encode, on expression, for mutant
CFTR polypeptide;

(b) DNA sequences which correspond to a fragment of the
mutant DNA sequences, including at least twenty
nucleotides;

(c) DNA sequences which comprise at least twenty nucle-
otides and encode a fragment of the mutant CFTR
protein amino acid sequence; and

(d) DNA sequences encoding an epitope encoded by at
least eighteen sequential nucleotides in the mutant
DNA sequence.

According to another aspect of the invention, purified
RNA molecule comprising RNA sequence corresponds to
the mutant DNA sequence.

A purified nucleic acid probe comprising a DNA or RNA
nucleotide sequence corresponding to the mutant sequences
as recited above.

According to another aspect of the invention, a recombi-
nant cloning vector comprising the DNA sequences of the
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normal or mutant DNA and fragments thereof is provided.
The vector, according to an aspect of this invention, is
operatively linked to an expression control sequence in the
recombinant DNA molecule so that the normal CFTR pro-
tein can be expressed, or alternatively with the other selected
mutant DNA sequence the mutant CFTR polypeptide can be
expressed. The expression control sequence is selected from
the group consisting of sequences that control the expression
of genes of prokaryotic or eukaryotic cells and their viruses
and combinations thereof.

According to another aspect of the invention, a method for
producing normal CFTR polypeptide comprises the steps of:

(a) culturing a host cell transtected with the recombinant
vector for the normal DNA sequence in a medium and
under conditions favorable for expression of the normal
CFTR polypeptide; and

(b) isolating the expressed normal CFTR polypeptide.

According to another aspect of the invention, a method for
producing a mutant CFTR polypeptide comprises the steps
of:

(a) culturing a host cell transfected with the recombinant
vector for the mutant DNA sequence in a medium and
under conditions favorable for expression of the mutant
CFTR polypeptide; and

(b) isolating the expressed mutant CFTR polypeptide.

According to another aspect of the invention, a purified
protein of human cell membrane origin comprises an amino
sequence encoded by the mutant DNA sequence where the
protein, when present in human cell membrane, is associated
with cell function which causes the genetic disease cystic
fibrosis.

According to another aspect of the invention, the CFTR
polypeptide is characterized by a molecular weight of about
170,000 daltons and an epithelial cell transmembrane ion
conductance affecting activity.

According to another aspect of the invention, a substan-
tially pure CFTR protein normally expressed in human
epithelial cells and characterized by being capable of par-
ticipating in regulation and in control of ion transport
through epithelial cells by binding to epithelial cell mem-
brane to modulate ion movement through channels formed
in the epithelial cell membrane.

According to another aspect of the invention, a process for
isolating the CFTR protein comprises:

(a) extracting peripheral proteins from membranes of
epithelial cells to provide membrane material having
integral proteins including said CFTR protein;

(b) solubilizing said integral proteins of said membrane
material to form a solution of said integral proteins;

(c) separating said CFTR protein to remove any remain-
ing other proteins of mammalian origin.

According to another aspect of the invention, a method is
provided for screening a subject to determine if the subject
is a CF carrier or a CF patient comprising the steps of
providing a biological sample of the subject to be screened
and providing an assay for detecting in the biological
sample, the presence of at least a member from the group
consisting of the normal CF gene, normal CF gene products,
a mutant CF gene, mutant CF gene products and mixtures
thereof.

According to another aspect of the invention, an immu-
nologically active anti-CFTR polyclonal or monoclonal
antibody specific for CFTR polypeptide is provided.

According to another aspect of the invention, a kit for
assaying for the presence of a CF gene by immunoassay
techniques comprises:
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(a) an antibody which specifically binds to a gene product

of the CF gene;

(b) reagent means for detecting the binding of the anti-

body to the gene product; and

(¢) the antibody and reagent means each being present in

amounts effective to perform the immunoassay.

According to another aspect of the invention, a kit for
assaying for the presence of a CF gene by hybridization
technique comprises:

(a) an oligonucleotide probe which specifically binds to

the CF gene;

(b) reagent means for detecting the hybridization of the

oligonucleotide probe to the CF gene; and

(c) the probe and reagent means each being present in

amounts effective to perform the hybridization assay.

According to another aspect of the invention, a method is
provided for treatment for cystic fibrosis in a patient. The
treatment comprises the step of administering to the patient
a therapeutically effective amount of the normal CFTM
protein.

According to another aspect of the invention, a method of
gene therapy for cystic fibrosis comprises the step of deliv-
ery of a DNA molecule which includes a sequence corre-
sponding to the normal DNA sequence encoding for normal
CFTR protein.

According to another aspect of the invention, an animal
comprises an heterologous cell system. The cell system
includes a recombinant cloning vector which includes the
recombinant DNA sequence corresponding to the mutant
DNA sequence which induces cystic fibrosis symptoms in
the animal.

According to another aspect of the invention, a transgenic
mouse exhibits cystic fibrosis symptoms.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1H is the nucleotide sequence of the CF gene
and the amino acid sequence of the CFTR protein.

FIGS. 2A-2G is a restriction map of the CF gene and the
schematic strategy used to chromosome walk and jump to
the gene.

FIGS. 3A-3E is a pulsed-field-gel electrophoresis map of
the region including and surrounding the CF gene.

FIGS. 4A, 4B and 4C show the detection of conserved
nucleotide sequences by cross-species hybridization.

FIG. 4D is a restriction map of overlapping segments of
probes E4.3 and H1.6.

FIG. 5 is an RNA blot hybridization analysis, using
genomic and cDNA probes. Hybridization to fibroblast,
trachea (normal and CF), pancreas, liver, HL60, T84, and
brain RNA is shown.

FIG. 6 is the methylation status of the E4.3 cloned region
at the 5' end of the CF gene.

FIGS. 7A-7B is a restriction map of the CFTR cDNA
showing alignment of the cDNA to the genomic DNA
fragments.

FIG. 8 is an RNA gel blot analysis depicting hybridization
by a portion of the CFTR ¢cDNA (clone 10-1) to a 6.5 kb
mRNA transcript in various human tissues.

FIGS. 9A-9D are a DNA blot hybridization analysis
depicting hybridization by the CFTR cDNA clones to
genomic DNA digested with EcoRI and Hind III.

FIGS. 10A-10C are a primer extension experiment char-
acterizing the 5' and 3' ends of the CFTR cDNA.

FIG. 11 is a hydropathy profile and shows predicted
secondary structures of CFTR.
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FIG. 12 is a dot matrix analysis of internal homologies in
the predicted CFTR polypeptide.

FIG. 13 is a schematic model of the predicted CFTR
protein.

FIG. 14 is a schematic diagram of the restriction fragment
length polymorphisms (RFLP’s) closely linked to the CF
gene where the inverted triangle indicates the location of the
F508 3 base pair deletion.

FIG. 15 represents the detection of the F508 mutation by
oligonucleotide hybridization with Probe N detecting the
normal sequence and Probe F detecting the CF mutant
sequence.

FIGS. 16A-16B represent alignment of the most con-
served segments of the extended NBFs of CFTR with
comparable regions of other proteins.

FIGS. 17A-17B are the DNA sequence around the F508
deletion.

FIGS. 18A—18B are a representation of the nucleotide
sequencing gel showing the DNA sequence at the F508
deletion.

FIGS. 19A and 19B are Coomassie Blue stained poly-
acrylamide gels following electrophoresis of protein from
bacterial lysates (JX 101) which bacteria was transformed
with the pGEX plasmids.

FIG. 20 is immunoblots of bacterial lysates containing
fusion protein #1 (on Table 8) with preimmune and immune
sera from two different rabbits.

FIG. 21 is an immunoblot of T-84 membranes using
immune serum from rabbit #1 of FIG. 20.

FIG. 22 is immunodot blots probed with preimmune and
immune sera from a rabbit immunized with the KLH con-
jugate of peptide #2 of Table 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

1. Definitions

In order to facilitate review of the various embodiments of
the invention and an understanding of various elements and
constituents used in making the invention and using same,
the following definition of terms used in the invention
description is as follows:

CF—cystic fibrosis

CF carrier—a person in apparent health whose chromo-
somes contain a mutant CF gene that may be transmitted to
that person’s offspring.

CF patient—a person who carries a mutant CF gene on
cach chromosome, such that they exhibit the clinical symp-
toms of cystic fibrosis.

CF gene—the gene whose mutant forms are associated
with the disease cystic fibrosis. This definition is understood
to include the various sequence polymorphisms that exist,
wherein nucleotide substitutions in the gene sequence do not
affect the essential function of the gene product. This term
primarily relates to an isolated coding sequence, but can also
include some or all of the flanking regulatory elements
and/or introns.

CF—PI—<cystic fibrosis pancreatic insufficient, the major
clinical subgroup of cystic fibrosis patients, characterized by
insufficient pancreatic exocrine function.

CF—PS—-<cystic fibrosis pancreatic sufficient, a clinical
subgroup of cystic fibrosis patients with sufficient pancreatic
exocrine function for normal digestion of food.

CF—cystic fibrosis transmembrane conductance regula-
tor protein, encoded by the CF gene. This definition includes
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the protein as isolated from human or animal sources, as
produced by recombinant organisms, and as chemically or
enzymatically synthesized. This definition is understood to
include the various polymorphic forms of the protein
wherein amino acid substitutions in the variable regions of
the sequence does not affect the essential functioning of the
protein, or its hydropathic profile or secondary or tertiary
structure.

DNA—standard nomenclature is used to identify the
bases.

Intronless DNA—a piece of DNA lacking internal non-
coding segments, for example, cDNA.

IRP locus sequence—(protooncogene int-1 related), a
gene located near the CF gene.

Mutant CFTR—a protein that is highly analagous to
CFTR in terms of primary, secondary, and tertiary structure,
but wherein a small numer of amino acid substitutions
and/or deletions and/or insertions result in impairment of its
essential function, so that organisms whose epithelial cells
express mutant CFTR rather than CFTR demonstrate the
symptoms of cystic fibrosis.

mCF—a mouse gene orthologous to the human CF gene

NBFs—nucleotide (ATF) binding folds

ORF—open reading frame

PCR—polymerase chain reaction

Protein—standard single letter nomenclature is used to
identify the amino acids

R-domain—a highly charged cytoplasmic domain of the
CFTR protein

RSV—Rous Sarcoma Virus
SAP—surfactant protein
RFLP—restriction fragment length polymorphism

2. Isolating the CF Gene

Using chromosome walking, jumping, and cDNA
hybridization, DNA sequences encompassing >500 kilobase
pairs (kb) have been isolated from a region on the long arm
of human chromosome 7 containing the cystic fibrosis (CF)
gene. Several transcribed sequences and conserved seg-
ments have been identified in this region. one of these
corresponds to the CF gene and spans approximately 250 kb
of genomic DNA. Overlapping complementary DNA
(cDNA) clones have been isolated from epithelial cell
libraries with a genomic DNA segment containing a portion
of the cystic fibrosis gene. The nucleotide sequence of the
isolated cDNA is shown in FIGS. 1A—1H. In each row of the
respective sequences the lower row is a list by standard
nomenclature of the nucleotide sequence. The upper row in
each respective row of sequences is standard single letter
nomenclature for the amino acid corresponding to the
respective codon.

Accordingly, the invention provides a cDNA molecule
comprising a DNA sequence selected from the group con-
sisting of:

(a) DNA sequences which correspond to the DNA
sequence of FIGS. 1A-1H from amino acid residue
position 1 to position 1480;

(b) DNA sequences encoding normal CFTR polypeptide
having the sequence according to FIGS. 1A-1H for
amino acid residue positions from 1 to 1480;

(c) DNA sequences which correspond to a fragment of the
sequence of FIGS. 1A—1H including at least 16 sequen-
tial nucleotides between amino acid residue positions 1
and 1480;
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(d) DNA sequences which comprise at least 16 nucle-
otides and encode a fragement of the amino acid
sequence of FIGS. 1A-1H; and

(e) DNA sequences encoding an epitope encoded by at
least 18 sequential nucleotides in the sequence of FIGS.
1A-1H between amino acid residue positions 1 and
1480.

The invention also provides a cDNA molecule comprising

a DNA sequence selected from the group consisting of:

a) DNA sequences which correspond to the DNA
sequence encoding mutant CFTR polypeptide charac-
terized by cystic fibrosis-associated activity in human
epithelial cells, or the DNA sequence of FIGS. 1A-1H
for the amino acid residue positions 1 to 1480 yet
further characterized by a three base pair mutation
which results in the deletion of phenylalanine from
amino acid residue position 508;

b) DNA sequences which correspond to fragments of the
sequences of paragraph a) and which include at least
sixteen nucleotides;

¢) DNA sequences which comprise at least sixteen nucle-
otides and encode a fragment of the amino acid
sequence encoded for by the DNA sequences of para-
graph a); and

d) DNA sequences encoding an epitope encoded by at
least 18 sequential nucleotides in the sequence of the
DNA of paragraph a).

Transcripts of approximately 6,500 nucleotides in size are
detectable in tissues affected in patients with CF. Based upon
the isolated nucleotide sequence, the predicted protein con-
sists of two similar regions, each containing a first domain
having properties consistent with membrane association and
a second domain believed to be involved in ATP binding.

A 3 bp deletion which results in the omission of a
phenylalanine residue at the center of the first predicted
nucleotide binding domain (amino acid position 508 of the
CF gene product) has been detected in CF patients. This
mutation in the normal DNA sequence of FIGS. 1A-1H
corresponds to approximately 70% of the mutations in cystic
fibrosis patients. Extended haplotype data based on DNA
markers closely linked to the putative discase gene suggest
that the remainder of the CF mutant gene pool consists of
multiple, different mutations. A small set of these latter
mutant alleles (approximately 8%) may confer residual
pancreatic exocrine function in a subgroup of patients who
are pancreatic sufficient.

2.1 Chromosome Walking and Jumping

Large amounts of the DNA surrounding the D7S122 and
D75340 linkage regions of Rommens et al supra were
searched for candidate gene sequences. In addition to con-
ventional chromosome walking methods, chromosome
jumping techniques were employed to accelerate the search
process. From each jump endpoint a new bidirectional walk
could be initiated. Sequential walks halted by “unclonable”
regions often encountered in the mammalian genome could
be circumvented by chromosome jumping.

The chromosome jumping library used has been described
previously (Collins et al, Science 235, 1046 (1987); lanuzzi
at al, Am. J. Hum. Genet. 44, 695 (1989)). The original
library was prepared from a preparative pulsed field gel, and
was intended to contain partial EcoR1 fragments of 70-130
kb; subsequent experience with this library indicates that
smaller fragments were also represented, and jumpsizes of
25-110 kb have been found. The library was plated on sup™
host MC1061 and screened by standard techniques,
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(Maniatis et al). Positive clones were subcloned into
pBRA23Ava and the beginning and end of the jump iden-
tified by EcoR1 and Ava 1 digestion, as described in Collins,
Genome analysis: A practical approach (IRL, London,
1988), pp. 73—94. For each clone, a fragment from the end
of the jump was checked to confirm its location on chro-
mosome 7. The contiguous chromosome region covered by
chromosome walking and jumping was about 250 kb. Direc-
tion of the jumps was biased by careful choice of probes, as
described by Collins et al and Tanuzzi et al, supra. The entire
region cloned, including the sequences isolated with the use
of the CF gene cDNA, is approximately 500 kb.

The schematic representation of the chromosome walking
and jumping strategy is illustrated in FIGS. 2A-2G. CF gene
exons are indicated by Roman numerals in these figures.
Horizontal lines above the map indicate walk steps whereas
the arcs above the map indicate jump steps. The Figure
proceeds from left to right in each of six tiers with the
direction of ends toward 7cen and 7qter as indicated. The
restriction map for the enzymes EcoRI, HindIII, and BamHI
is shown above the solid line, spanning the entire cloned
region. Restriction sites indicated with arrows rather than
vertical lines indicate sites which have not been unequivo-
cally positioned. Additional restriction sites for other
enzymes are shown below the line. Gaps in the cloned
region are indicated by |. These occur only in the portion
detected by cDNA clones of the CF transcript. These gaps
are unlikely to be large based on pulsed field mapping of the
region. The walking clones, as indicated by horizontal
arrows above the map, have the direction of the arrow
indicating the walking progress obtained with each clone.
Cosmid clones begin with the letter c; all other clones are
phage. Cosmid CF26 proved to be a chimera; the dashed
portion is derived from a different genomic fragment on
another chromosome. Roman numerals I through XXIV
indicate the location of exons of the CF gene. The horizontal
boxes shown above the line are probes used during the
experiments. Three of the probes represent independent
subcloning of fragments previously identified to detect poly-
morphisms in this region: H2.3A corresponds to probe
XV2C (X. Estivill et al, Nature, 326: 840 (1987)), probe E1
corresponds to KM19 (Estivill, supra), and probe E4.1
corresponds to Mp6d.9 (X. Estivill et al. Am. J. Hum. Genet.
44, 704 (1989)). G-2 is a subfragment of E6 which detects
a transcribed sequence. R161, R159, and R160 are synthetic
oligonucleotides constructed from parts of the IRP locus
sequence (B. J. Wainwright et al, EMBO J., 7: 1743 (1988)),
indicating the location of this transcript on the genomic map.

As the two independently isolated DNA markers, D7S122
(pH131) and D7S340 (TM58), were only approximately 10
kb apart (FIGS. 2A-2G), the walks and jumps were essen-
tially initiated from a single point. The direction of walking
and jumping with respect to MET and D7S8 was then
established with the crossing of several rare-cutting restric-
tion endonuclease recognition sites (such as those for Xho I,
Nru I and Not I, see FIGS. 2A-2G) and with reference to the
long range physical map of J. M. Rommens et al. Am. J.
Hum. Genet., in press; A. M. Poustka, et al, Genomics 2, 337
(1988); M. L. Drumm et al. Genomics 2, 346 (1988). The
pulsed field mapping data also revealed that the Not I site
identified by the inventors of the present invention (see FIG.
2B, position 113 kb) corresponded to the one previously
found associated with the IRP locus (Estivill et al 1987,
supra). Since subsequent genetic studies showed that CF
was most likely located between IRP and D7S8 (M. Farrall
et al, Am. J. Hum. Genet. 43, 471 (1988), B.-S. Kerem et al.
Am. J. Hum. Genet. 44, 827 (1989)), the walking and
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jumping effort was continued exclusively towards cloning of
this interval. It is appreciated, however, that other coding
regions, as identified in FIGS. 2A-2G, for example, G-2,
CF14 and CF16, were located and extensively investigated.
Such extensive investigations of these other regions revealed
that they were not the CF gene based on genetic data and
sequence analysis. Given the lack of knowledge of the
location of the CF gene and its characteristics, the extensive
and time consuming examination of the nearby presumptive
coding regions did not advance the direction of search for
the CF gene. However, these investigations were necessary
in order to rule out the possibility of the CF gene being in
those regions.

Three regions in the 280 kb segment were found not to be
readily recoverable in the amplified genomic libraries ini-
tially used. These less clonable regions were located near the
DNA segments H2.3A and X.6, and just beyond cosmid
cW44, at positions 75-100 kb, 205-225 kb, and 275-285 kb
in FIGS. 2A-2G, respectively. The recombinant clones near
H2.3A were found to be very unstable with dramatic rear-
rangements after only a few passages of bacterial culture. To
fill in the resulting gaps, primary walking libraries were
constructed using special host-vector systems which have
been reported to allow propagation of unstable sequences
(A. R. Wyman, L. B. Wolfe, D. Botstein, Proc. Nat. Acad.
Sci. U.S.A. 82,2880 (1985); K. F. Wertman, A. R. Wyman,
D. Botstein, Gene 49, 253 (1986); A. R. Wyman, K. F.
Wertman, D. Barker, C. Helms, W. H. Petri, Gene, 49, 263
(1986)). Although the region near cosmid cW44 remains to
be recovered, the region near X.6 was successfully rescued
with these libraries.

2.2 Construction of Genomic Libraries

Genomic libraries were constructed after procedures
described in MANIATIS, et al, Molecular Cloning: A Labo-
ratory Manual (Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y. 1982) and are listed in Table 1. This
includes eight phage libraries, one of which was provided by
T. Maniatis (Fritsch et al, Cell, 19:959 (1980)); the rest were
constructed as part of this work according to procedures
described in Maniatis et al, supra. Four phage libraries were
cloned in ADASH (commercially available from Stratagene)
and three in AFIX (commercially available from Stratagene),
with vector arms provided by the manufacturer. One
ADASH library was constructed from Sau 3A-partially
digested DNA from a human-hamster hybrid containing
human chromosome 7 (4AF/102/K015) (Rommens et al Am.
J. Hum. Genert 43, 4 (1988)), and other libraries from partial
Sau3A, total BamHI, or total EcoRI digestion of human
peripheral blood or lymphoblastoid DNA. To avoid loss of
unstable sequences, five of the phage libraries were propa-
gated on the recombination-deficient hosts DB1316 (recD7),
CES 200 (recBCY) (Wyman et al, supra, Wertman et al
supra, Wyman et al supra); or TAP90 (Patterson et al Nucleic
Acids Res. 15:6298 (1987)). Three cosmid libraries were
then constructed. In one the vector pCV108, (Lau et al Proc.
Natl. Acad. Sci USA 80:5225 (1983)) was used to clone
partially digested (Sau 3A) DNA from 4AF/102/K015
(Rommens et al Am.J. Hum. Genet. 43:4 (1968)). A second
cosmid library was prepared by cloning partially digested
(Mbo I) human lymphoblastoid DNA into the vector pWE-
IL2R, prepared by inserting the RSV (Rous Sarcoma Virus)
promoter-driven cDNA for the interleukin-2 receptor
a-chain (supplied by M. Fordis and B. Howard) in place of
the neo-resistance gene of pWE15 (Wahl et al Proc. Natl.
Acad. Sci. USA 84:2160 (1987)). An additional partial Mbo
I cosmid library was prepared in the vector pWE-IL.2-Sal,
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created by inserting a Sal I linker into the Bam HI cloning
site of pWE-EL2R (M. Drumm, unpublished data); this
allows the use at the partial fill-in technique to ligate Sal I
and Mbo I ends, preventing tandem insertions (Zabarovsky
et al Gene 42:19 (1986)). Cosmid libraries were propagated
in E. coli host strains DH1 or 490A (M. Steinmetz, A.
Winoto, K. Minard, L. Hood, Cell 28, 489(1982)).

TABLE 1

GENOMIC LIBRARIES

Vector  Source of human DNA  Host Complexity Ref
A Haell/Alul-partially LE392 1 x 10° Lawn
Charon  digested total human (amplified) et al
4A liver DNA 1980
pCVI08 Sau3a-partially digested DK1 3x 10°

DNA from 4AF/KO15 (amplified)
Adash  Sau3a-partially digested LE392 1 x 10°

DNA from 4AF/KO15 (amplified)
Adash  Sau3a-partially digested DB1316 1.5 x 10°

total human peripheral

blood DNA
Adash ~ BamHI-digested total DB1316 1.5 x 10°

human peripheral blood

DNA
Adash  EcoRI-partially digested DB1316 8 x 10°

total human peripheral

blood DNA
AFIX Mbol-partially digested ~LE392 1.5 x 10°

human lymphoblastoid

DNA
AFIX Mbol-partially digested ~ CE200 1.2 x 10°

human lymphoblastoid

DNA
AFIX  Mbol-partially digested TAP90 1.3 x 10°

human lymphoblastoid

DNA
pWE-  Mbol-partially digested  490A 5 x 10°
IL2R human lymphoblastoid

DNA
pWE-  Mbol-partially digested  490A 1.2 x 10°
I12R-  human lymphoblastoid
Sal DNA
ACh3A  EcoRI-partially digested MC1061 3 x 10° Collins
Alac (24-110 kb) et al
(jump-  human lymphoblastoid supra and
ing) DNA Tannuzzi

et al
supra

Three of the phage libraries wore propagated and ampli-
fied in E. coli bacterial strain LLE392. Four subsequent
libraries were plated on the recombination-deficient hosts
DB1316 (recD™) or CES200 (rec BC™) (Wyman 1985, supra;
Wertman 1986, supra; and Wyman 1986, supra) or in one
case TAP90 (T. A. Patterson and M. Dean, Nucleic Acids
Research 15, 6298 (1987)).

Single copy DNA segments (free of repetitive elements)
near the ends of each phage or cosmid insert were purified
and used as probes for library screening to isolate overlap-
ping DNA fragments by standard procedures. (Maniatis, et
al, supra).

1-2x10° phage clones were plated on 25-30 150 mm petri
dishes with the appropriate indicator bacterial host and
incubated at 37° C. for 10-16 hr. Duplicate “lifts” were
prepared for each plate with nitrocellulose or nylon
membranes, prehybridized and hybridized under conditions
described (Rommens et al, 1988, supra). Probes were
labelled with 2P to a specific activity of >5x10% cpm/ug
using the random priming procedure (A. P. Feinberg and B.
Vogelstein, Anal. Biochem. 132, 6 (1983)). The cosmid
library was spread on ampicillin-containing plates and
screened in a similar manner.
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DNA probes which gave high background signals could
often be used more successfully by preannealing the boiled
probe with 250 ug/ml sheared denatured placental DNA for
60 minutes prior to adding the probe to the hybridization
bag.

For each walk step, the identity of the cloned DNA
fragment was determined by hybridization with a somatic
cell hybrid panel to confirm its chromosomal location, and
by restriction mapping and southern blot analysis to confirm
its colinearity with the genome.

The total combined cloned region of the genomic DNA
sequences was isolated and the overlapping cDNA clones,
extended >500kb. To ensure that the DNA segments isolated
by the chromosome walking and jumping procedures were
colinear with the genomic sequence, each segment was
examined by:

(a) hybridization analysis with human-rodent somatic

hybrid cell lines to confirm chromosome 7 localization,

(b) pulsed field gel electrophoresis, and

(c) comparison of the restriction map of the cloned DNA

to that of the genomic DNA.

Accordingly, single copy human DNA sequences were
isolated from each recombinant phage and cosmid clone and
used as probes in each of these hybridization analyses as
performed by the procedure of Maniatis, et al supra.

While the majority of phage and cosmid isolates repre-
sented correct walk and jump clones, a few resulted from
cloning artifacts or cross-hybridizing sequences from other
regions in the human genome, or from the hamster genome
in cases where the libraries were derived from a human-
hamster hybrid cell line. Confirmation of correct localization
was particularly important for clones isolated by chromo-
some jumping. Many jump clones were considered and
resulted in non-conclusive information leading the direction
of investigation away from the gene.

2.3 Confirmation of the Restriction Map

Further confirmation of the overall physical map of the
overlapping clones was obtained by long range restriction
mapping analysis with the use of pulsed field gel electro-
phoresis (J. M. Rommens, et al. Am. J. Hum. Genet, in press,
A. M. Poustka et al, 1988, supra M. L. Drumm et al, 1988
supra).

FIGS. 3A to 3E illustrate the findings of the long range
restriction mapping study, where a schematic representation
of the region is given in FIG. 3E. DNA from the human-
hamster cell line 4AF/102/K015 was digested with the
enzymes (A) Sal I, (B) Xho I, (C) Sfi I and (D) Nae I,
separated by pulsed field gel electrophoresis, and transferred
to Zetaprobe™ (BioRad). For each enzyme a single blot was
sequentially hybridized with the probes indicated below
cach of the panels of FIGS. 3A-3D, with stripping of the
blot between hybridizations. The symbols for each enzyme
of FIG. 3E are: A, Nae [; B, Bss HIL; F. Sfi I; L, Sal I; M,
Mlu I; N, Not [; R, Nru I; and X, Xho 1. C corresponds to
the compression zone region of the gel. DNA preparations,
restriction digestion, and crossed field gel electrophoresis
methods have been described (Rommens et al, in press,
supra). The gels in FIGS. 3A-3D were run in 0.5xTBE at 7
volts/em for 20 hours with switching linearly ramped from
1040 seconds for FIGS. 3A-3C, and at 8 volts/cm for 20
hours with switching ramped linearly from 50-150 seconds
for FIG. 3D, Schematic interpretations of the hybridization
pattern are given below each panel. Fragment lengths are in
kilobases and were sized by comparison to oligomerized
bacteriophage ADNA and Saccharomyces cerevisiae chro-
mosomes.
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H4.0, J44, EG1.4 are genomic probes generated from the
walking and jumping experiments (see FIGS. 2A-2G). J30
has been isolated by four consecutive jumps from D7S8
(Collins et al. 1987, supra; lanuzzi et al, 1989, supra; M.
Dean, et al, submitted for publication). 10-1, B.75, and
CE1.5/1.0 are cDNA probes which cover different regions of
the CF transcript: 10-1 contains exons I-VI, B.75 contains
exons V—XII, and CE1.5/1.0 contains exons XII-XXIV.
Shown in FIG. 3E is a composite map of the entire MET-
D7S8 interval. The boxed region indicates the segment
cloned by walking and jumping, and the slashed portion
indicates the region covered by the CF transcript. The
CpG-rich region associated with the D7S23 locus (Estivill et
al, 1987, supra) is at the Not I site shown in parentheses.
This and other sites shown in parentheses or square brackets
do not cut in 4AF/102/K015, but have been observed in
human lymphoblast cell lines.

2.4 Identification of CF Gene

Based on the findings of long range restriction mapping
detailed above it was determined that the entire CF gene is
contained on a 380 kb Sal I fragment. Alignment of the
restriction sites derived from pulsed field gel analysis to
those identified in the partially overlapping genomic DNA
clones revealed that the size of the CF gene was approxi-
mately 250 kb.

The most informative restriction enzyme that served to
align the map of the cloned DNA fragments and the long
range restriction map was Xho I; all or the 9 Xho 1 sites
identified with the recombinant DNA clones appeared to be
susceptible to at least partial cleavage in genomic DNA
(compare maps in FIGS. 1A-1H and 2A-2G). Furthermore,
hybridization analysis with probes derived from the 3' end of
the CF gene identified 2 Sfil sites and confirmed the position
of an anticipated Nae I site.

These findings further supported the conclusion that the
DNA segments isolated by the chromosome walking and
jumping procedures were colinear with the genuine
sequence.

2.5 Criteria for Identification

A positive result based on one or more of the following
criteria suggested that a cloned DNA segment may contain
candidate gene sequences:

(a) detection of cross-hybridizing sequences in other
species (as many genes show evolutionary
conservation),

(b) identification of CpG islands, which often mark the 5'
end of vertebrate genes (A. P. Bird, Nature, 321, 209
(1986); M. Gardiner-Garden and M. Frommer, J. Mol.
Biol. 196, 261 (1987)),

(c) examination of possible mRNA transcripts in tissues
affected in CF patients,

(d) isolation of corresponding cDNA sequences,

(e) identification of open reading frames by direct
sequencing of cloned DNA segments.

Cross-species hybridization showed strong sequence con-
servation between human and bovine DNA when CF14,
E4.3 and H1.6 were used as probes, the results of which are
shown in FIGS. 4A, 4B and 4C.

Human, bovine, mouse, hamster, and chicken genomic
DNAs were digested with Eco RI (R), Hind III (H), and Pst
I (P), electrophoresed, and blotted to Zetabind™ (BioRad).
The hybridization procedures of Rommens et al, 1988,
supra, were used with the most stringent wash at 55° C.,
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0.2xSSC, and 0.1% SDS. The probes used for hybridization,
in FIGS. 4A—4C, included: (A) entire cosmid CF14, (B)
E4.3, (C) H1.6. In the schematic of FIG. 4D, the shaded
region indicates the area of cross-species conservation.

The fact that different subsets of bands were detected in
bovine DNA with these two overlapping DNA segments
(H1.6 and E4.3) suggested that the conserved sequences
were located at the boundaries of the overlapped region
(FIG. 4D). When these DNA segments were used to detect
RNA transcripts from a variety of tissues, no hybridization
signal was detected. In an attempt to understand the cross-
hybridizing region and to identify possible open reading
frames, the DNA sequences of the entire H1.6 and part of the
E4.3 fragment were determined. The results showed that,
except for a long stretch of CG-rich sequence containing the
recognition sites for two restriction enzymes (Bss HII and
Sac II), often found associated with undermethylated CpG
islands, there were only short open reading frames which
could not easily explain the strong cross-species hybridiza-
tion signals.

To examine the methylation status of this highly CpG-rich
region revealed by sequencing, genomic DNA samples
prepared from fibroblasts and lymphoblasts were digested
with the restriction enzymes Hpa II and Msp I and analyzed
by gel blot hybridization. The enzyme Hpa II cuts the DNA
sequence 5'-CCGG-3' only when the second cytosine is
unmethylated, whereas Msp I cuts this sequence regardless
of the state of methylation. Small DNA fragments were
generated by both enzymes, indicating that this CpG-rich
region is indeed undermethylated in genomic DNA. The
gel-blot hybridization with the E4.3 segment (FIG. 6)
reveals very small hybridizing fragments with both
enzymes, indicating the presence of a hypomethylated CpG
island.

The above results strongly suggest the presence of a
coding region at this locus. Two DNA segments (E4.3 and
H1.6) which detected cross-species hybridization signals
from this area were used as probes to screen cDNA libraries
made from several tissues and cell types.

cDNA libraries from cultured epithelial cells were pre-
pared as follows. Sweat gland cells derived from a non-CF
individual and from a CF patient were grown to first passage
as described (G. Collie et al, In Vitro Cell. Dev. Biol. 21,
592,1985). The presence of outwardly rectifying channels
was confirmed in these cells (J. A. Tabcharani, T. J. Jensen,
J. R. Riordan, J. W. Hanrahan, J. Memb. Biol, in press) but
the CF cells were insensitive to activation by cyclic AMP (T.
J. Jensen, J. W. Hanrahan, J. A. Tabcharanit, M. Buchwald
and J. R. Riordan, Pediatric Pulmonology, Supplement 2,
100, 1988). RNA was isolated from then by the method of
J. M. Chirgwin et al (Biochemistry 18, 5294, 1979). Poly
A+RNA was selected (H. Aviv and P. Leder, Proc. Natl.
Acad. Sci. USA 69, 1408, 1972) and used as template for the
synthesis of cDNA with oligo (dT) 12-18 as a primer. The
second strand was synthesized according to Gubler and
Hoffman (Gene 25, 263, 1983). This was methylated with
Eco RI methylase and ends were made flush with T4 DNA
polymerase. Phosphorylated Eco RI linkers were ligated to
the cDNA and restricted with Eco RI. Removal of excess
linkers and partial size fractionation was achieved by Biogel
A-50 chromatography. The cDNAs were then ligated into
the Eco RI site of the commercialy available lamdba ZAP.
Recombinants were packaged and propagated in F£. coli
BB4. Portions of the packaging mixes were amplified and
the remainder retained for screening prior to amplification.
The same procedures were used to construct a library from
RNA isolated from preconfluent cultures of the T-84 colonic
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carcinoma cell line (Dharmsathaphorn, K. et al. Am. J.
Physiol. 246, G204,1984). The numbers of independent
recombinants in the three libraries were: 2x10° for the
non-CF sweat gland cells, 4.5x10° for the CF sweat gland
cells and 3.2x10° from T-84 cells. These phages were plated
at 50,000 per 15 cm plate and plaque lifts made using nylon
membranes (Biodyne) and probed with DNA fragments
labelled with **P using DNA polymerase I and a random
mixture of oligonucleotides as primer. Hybridization condi-
tions were according to G. M. Wahl and S. L. Berger (Meth.
Enzymol. 152,415, 1987). Bluescript™ plasmids were res-
cued from plaque purified clones by excision with M13
helper phage. The lung and pancreas libraries were pur-
chased from Clontech Lab Inc. with reported sizes of
1.4x10° and 1.7x10° independent clones.

After screening 7 different libraries each containing
1x10°=5x10° independent clones, 1 single clone (identified
as 10-1) was isolated with H1.6 from a cDNA library made
from the cultured sweat gland epithelial cells of an unaf-
fected (non-CF) individual.

DNA sequencing analysis showed that 10-1 contained an
insert of 920 bp in size and one potential, long open reading
frame (ORF). Since one end of the sequence shared perfect
sequence identity with H1.6, it was concluded that the
cDNA clone was probably derived from this region. The
DNA sequence in common was, however, only 113 bp long
(see FIGS. 1A-1H and 7A-7B). As detailed below, this
sequence in fact corresponded to the 5'-most exon of the
putative CF gene. The short sequence overlap thus explained
the weak hybridization signals in library screening and
inability to detect transcripts in RNA gel-blot analysis. Tn
addition, the orientation of the transcription unit was tenta-
tively established on the basis of alignment of the genomic
DNA sequence with the presumptive ORF of 10-1.

Since the corresponding transcript was estimated to be
approximately 6500 nucleotides in length by RNA gel-blot
hybridization experiments, further cDNA library screening
was required in order to clone the remainder of the coding
region. As a result of several successive screenings with
cDNA libraries generated from the colonic carcinoma cell
line T84, normal and CF sweat gland cells, pancreas and
adult lungs, 18 additional clones were isolated (FIGS.
7A-TB, as subsequently discussed in greater detail). DNA
sequence analysis revealed that none of these cDNA clones
corresponded to the length of the observed transcript, but it
was possible to derive a consensus sequence based on
overlapping regions. Additional cDNA clones correspond-
ing to the 5' and 3' ends of the transcript were derived from
5" and 3' primer-extension experiments. Together, these
clones span a total of about 6.1 kb and contain an ORF
capable of encoding a polypeptide of 1480 amino acid
residues (FIGS. 1A-1H).

It was unusual to observe that most of the cDNA clones
isolated here contained sequence insertions at various loca-
tions of the restriction map of FIGS. 7A-7B. The map
details the genomic structure of the CF gene. Exon/intron
boundaries are given where all cDNA clones isolated are
schematically represented on the upper half of the figure.
Many of these extra sequences clearly corresponded to
intron regions reversely transcribed during the construction
of the cDNA, as revealed upon alignment with genomic
DNA sequences.

Since the number of recombinant cDNA clones for the CF
gene detected in the library screening was much less than
would have been expected from the abundance of transcript
estimated from RNA hybridization experiments, it seemed
probable that the clones that contained aberrant structures
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were preferentially retained while the proper clones were
lost during propagation. Consistent with this interpretation,
poor growth was observed for the majority of the recombi-
nant clones isolated in this study, regardless of the vector
used.

The procedures used to obtain the 5' and 3' ends of the
cDNA were similar to those described (M. Frohman et al,
Proc. Nat. Acad. Sci, USA, 85, 8998-9002, 1988). For the
5" end clones, total pancreas and T84 poly A+RNA samples
were reverse transcribed using a primer, (10b), which is
specific to exon 2 similarly as has been described for the
primer extension reaction except that radioactive tracer was
included in the reaction. The fractions collected from an
agarose bead column of the first strand synthesis were
assayed by polymerase chain reaction (PCR) of eluted
fractions. The oligonucleotides used were within the 10-1
sequence (145 nucleotides apart) just 5' of the extension
primer. The earliest fractions yielding PCR product were
pooled and concentrated by evaporation and subsequently
tailed with terminal deoxynucleotidyl transferase (BRL
Labs.) and dATP as recommended by the supplier (BRL
Labs). A second strand synthesis was then carried out with
Taq Polymerase (Cetus, AmpliTag™) using an oligonucle-
otide containing a tailed linker sequence 5'CGGAA-
TTCTCGAGATC(T),,3' (SEQ ID NO:1).

Amplification by an anchored (PCR) experiment using the
linker sequence and a primer just internal to the extension
primer which possessed the Eco RI restriction site at its 5'
end was then carried out. Following restriction with the
enzymes Eco RI and Bgl II and agarose gel purification size
selected products were cloned into the plasmid Bluescript
KS available from Stratagene by standard procedures
(Maniatis et al, supra). Essentially all of the recovered
clones contained inserts of less than 350 nucleotides. To
obtain the 3' end clones, first strand cDNA was prepared
with reverse transcription of 2 ug T84 poly A+RNA using
the tailed linker oligonucleotide previously described with
conditions similar to those of the primer extension. Ampli-
fication by PCR was then carried out with the linker oligo-
nucleotide and three different oligonucleotides correspond-
ing to known sequences of clone T16-4.5. A preparative
scale reaction (2x100 ul) was carried out with one of these
oligonucleotides with the sequence 5'ATGAAGT-
CCAAGGATTTAG3'(SEQ ID NO:2).

This oligonucleotide is approximately 70 nucleotides
upstream of a Hind IIT site within the known sequence of
T16-4.5. Restriction of the PCR product with Hind III and
Xho 1was followed by agarose gel purification to size select
a band at 1.0-1.4 kb. This product was then cloned into the
plasmid Bluescript KS available from Stratagene. Approxi-
mately 20% of the obtained clones hybridized to the 3' end
portion of T16-4.5. 10/10 of plasmids isolated from these
clones had identical restriction maps with insert sizes of
approx. 1.2 kb. All of the PCR reactions were carried out for
30 cycles in buffer suggested by an enzyme supplier.

An extension primer positioned 157 nt from the 5'end of
10-1 clone was used to identify the start point of the putative
CF transcript. The primer was end labeled with y(C*P)ATP at
5000 Curies/mmole and T4 polynucleotide kinase and puri-
fied by spun column gel filtration. The radiolabeled primer
was then annealed with 45 ug poly A+RNA prepared from
T-84 colonic carcinoma cells in 2x reverse transcriptase
buffer for 2 hrs. at 60° C. Following dilution and addition of
AMV reverse transcriptase (Life Sciences, Inc.) incubation
at 41° C. proceeded for 1 hour. The sample was then
adjusted to 0.4M NaOR and 20 mM EDTA, and finally
neutralized, with NH,OAc, pH 4.6, phenol extracted, etha-
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nol precipitated, redissolved in buffer with formamide, and
analyzed on a polyacrylamide sequencing gel. Details of
these methods have been described (Meth. Enzymol. 152,
1987, Ed. S. L. Berger, A. R. Kimmel, Academic Press,
N.Y).

Rgsults of the primer extension experiment using an
extension oligonucleotide primer starting 157 nucleotides
from the 5' end of 10-1 is shown in FIG. 10A. End labeled
$X174 bacteriophage digested with Hae III (BRL Labs) is
used as size marker. Two major products are observed at 216
and 100 nucleotides. The sequence corresponding to 100
nucleotides in 10-1 corresponds to a very GC rich sequence
(11/12) suggesting that this could be a reverse transcriptase
pause site. The 5' anchored PCR results are shown in FIG.
10B. The 1.4% agarose gel shown on the left was blotted and
transferred to Zetaprobe™ membrane (Bio-Rad Lab). DNA
gel blot hybridization with radiolabeled 10-1 is shown on the
right. The 5' extension products are seen to vary in size from
170-280 nt with the major product at about 200 nucleotides.
The PCR control lane shows a fragment of 145 nucleotides.
It was obtained by using the test oligomers within the 10-1
sequence. The size markers shown correspond to sizes of
154, 220/210, 298, 344, 394 nucleotides (1 kb ladder pur-
chased from BRL Lab).

The schematic shown below in FIG. 10B outlines the
procedure to obtain double stranded cDNA used for the
amplification and cloning to generate the clones PA3-5 and
TB2-7 shown in FIGS. 7A-7B. The anchored PCR experi-
ments to characterize the 3' end are shown in FIG. 10C. As
depicted in FIG. 10C, three primers whose relative position
to each other were known were used for amplification with
reversed transcribed T84 RNA as described. These products
were separated on a 1% agarose gel and blotted onto nylon
membrane as described above. DNA-blot hybridization with
the 3' portion of the T16-4.5 clone yielded bands of sizes that
corresponded to the distance between the specific oligomer
used and the 3'end of the transcript. These bands in lanes 1,
2a and 3 are shown schematically in FIG. 10C. The band in
lane 3 is weak as only 60 nucleotides of this segment
overlaps with the probe used. Also indicated in the sche-
matic and as shown in the lane 2b is the product generated
by restriction of the anchored PCR product to facilitate
cloning to generate the THZ-4 clone shown in FIGS.
7A-TB.

DNA-blot hybridization analysis of genomic DNA
digested with EcoRI and HindIIl enzymes probed with
portions of cDNAs spanning the entire transcript suggest
that the gene contains at least 24 exons numbered as Roman
numerals I through XX1V (see FIGS. 9A-9D). These cor-
respond to the numbers 1 through 24 shown in FIGS.
7A-T7B. The size of each band is given in kb.

In FIGS. 7A-7B, open boxes indicate approximate posi-
tions of the 24 exons which have been identified by the
isolation of >22 clones from the screening of cDNA libraries
and from anchored PCR experiments designed to clone the
5" and 3' ends. The lengths in kb of the Eco RI genomic
fragments detected by each exon is also indicated. The
hatched boxes in FIGS. 7A-7B indicate the presence of
intron sequences and the stippled boxes indicate other
sequences. Depicted in the lower left by the closed box is the
relative position of the clone H1.6 used to detect the first
cDNA clone 10-1 from among 10° phage of the normal
sweat gland library. As shown in FIGS. 4D and 7A-7B, the
genomic clone H1.6 partially overlaps with an EcoRI frag-
ment of 43 kb. All or the cDNA clones shown were
hybridized to genomic DNA and/or were fine restriction
mapped. Examples of the restriction sites occurring within
the cDNAs and in the corresponding genomic fragments are
indicated.
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With reference to FIGS. 9A-9D, the hybridization analy-
sis includes probes; i.e., cDNA clones 10-1 for FIG. 9A,
T16-1 (3' portion) for FIG. 9B, T16-4.5 (central portion) for
FIG. 9C and T16-4.5 (3' end portion) for FIG. 9D. In panel
A of FIG. 9A, the cDNA probe 10-1 detects the genomic
bands for exons I through VI. The 3' portion of T16-1
generated by Nrul restriction detects exons I'V through XIII
as shown in FIG. 9B. This probe partially overlaps with
10-1. FIGS. 9A-9C, respectively, show genomic bands
detected by the central and 3' end EcoRI fragments of the
clone T16-4.5. Two EcoRI sites occur within the cDNA
sequence and split exons XIIT and XIX. As indicated by the
exons in parentheses, two genomic EcoRI bands correspond
to each of these exons. Cross hybridization to other genomic
fragments was observed. These bands, indicated by N, are
not of chromosome 7 origin as they did not appear in
human-hamster hybrids containing human chromosome 7.
The faint band in FIG. 9D indicated by XI in brackets is
believed to be caused by the cross-hybridization of
sequences due to internal homology with the cDNA.

Since 10-1 detected a strong band on gel blot hybridiza-
tion of RNA from the T-84 colonic carcinoma cell line, this
cDNA was used to screen the library constructed from that
source. Fifteen positives were obtained from which clones
To6, T6/20, T11, T16-1 and T13-1 were purified and
sequenced. Rescreening of the same library with a 0.75 kb
Bam HI-Eco RI fragment from the 3' end of T16-1 yielded
T16-4.5. A1.8 kb EcoRI fragment from the 3 end of T16-4.5
yielded T8-B3 and T12a, the latter of which contained a
polyadenylation signal and tail. Simultaneously a human
lung cDNA library was screened; many clones were isolated
including those shown here with the prefix ‘CDL’. A pan-
creas library was also screened, yielding clone CDPJ5.

To obtain copies of this transcript from a CF patient, a
cDNA library from RNA of sweat gland epithelial cells from
a patient was screened with the 0.75 kb Bam HI-Eco RI
fragment from the 3' end of T16-1 and clones C16-1 and
C1-1/5, which covered all but exon 1, were isolated. These
two clones both exhibit a 3 bp deletion in exon 10 which is
not present in any other clone containing that exon. Several
clones, including CD1.S26-1 from the lung library and T6/20
and T13-1 isolated from T84 were derived from partially
processed transcripts. This was confirmed by genomic
hybridization and by sequencing across the exon-intron
boundaries for each clone. T11 also contained additional
sequence at each end. T16-4.5 contained a small insertion
near the boundary between exons 10 and 11 that did not
correspond to intron sequence. Clones CDLS16A, 11a and
13a from the lung library also contained extraneous
sequences of unknown origin. The clone C16-1 also con-
tained a short insertion corresponding to a portion of the
v-transposon of F. coli; this element was not detected in the
other clones. The 5' clones PA3-5, generated from pancreas
RNA and TB2-7 generated from T84 RNA using the
anchored PCR technique have identical sequences except for
a single nucleotide difference in length at the 5' end as shown
in FIGS. 1A-1H. The 3' clone, THZ-4 obtained from T84
RNA contains the 3' sequence of the transcript in concor-
dance with the genomic sequence of this region.

A combined sequence representing the presumptive cod-
ing region of the CF gene was generated from overlapping
cDNA clones. Since most of the cDNA clones were appar-
ently derived from unprocessed transcripts, further studies
were performed to ensure the authenticity of the combined
sequence. Each ¢cDNA clone was first tested for localization
to chromosome 7 by hybridization analysis with a human-
hamster somatic cell hybrid containing a single human
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chromosome 7 and by pulsed field gel electro