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(54) Title: Q4N2NEG2 ENHANCES CFTR ACTIVITY

(57) Abstract: Phosphorylation of the cystic fibrosis transmembrane conductance regulator (CFTR) by cyclic AMP- dependent
protein kinase (PAK) is essential for opening the CFTR chloride channel. A short segment containing many negatively charged
amino acids (817-838, NEG2) within the regulatory (R) domain of CFTR is a critical regulator of the chloride channel activity. An
isolated NEG2 polypeptide may be expressed as a separate sequence that stimulates CFTR channel openings at lowe concentrations,
but that inhibits CFTR channel openings at higher concentrations. Residues in the NEG2 sequence were substituted to produce
a polypeptide that exerts only an activating effect on CFTR. One such polypeptide is the Q4N2NEG?2 polypeptide. Exogenous
Q4N2NEG? exerts stimulatory effects on both wild-type and mutant G551D CFTR function, without exhibiting inhibitory activity

at any concentration.



WO 03/024409 PCT/US02/30094

[01]

Q4N2NEG2 ENHANCES CFTR ACTIVITY

This invention was made with government support under RO1 HIL/DK 49003, P30
DK27651 and RO1 DKS51770 awarded by the National Institute of Health. The

government has certain rights in the invention

TECHNICAL FIELD OF THE INVENTION

[02]

This invention is related to the field of cystic fibrosis. More particularly, it is related

to the area of therapeutic treatments and drug discovery for treating cystic fibrosis.

BACKGROUND OF THE INVENTION

[03]

[04]

Defects in CFTR, a chloride channel located in the apical membrane of epithelial
cells, are associated with the common genetic disease, cystic fibrosis (Quinton, 1986,
Welsh and Smith, 1993, Zielenski and Tsui, 1995). CFIR is a 1480 amino acid
protein that is a member of the ATP binding cassette (ABC) transporter family
(Riordan et al., 1989, Higgins, 1992). Each half of CFTR contains a transmembrane
domain and a nucleotide binding fold (NBF), and the two halves are connected by a
regulatory, or R domain. The R domain is unique to CFTR and contains several
consensus PKA phosphorylation sites (Cheng et al., 1991, Picciotto et al., 1992).

Opening of the CFTR channel is controlled by PKA phosphorylation of serine
residues in the R domain (Tabcharani et al., 1991, Bear et al., 1992) and ATP binding
and hydrolysis at the NBFs (Anderson et al., 1991, Gunderson and Kopito, 1995).
Phosphorylation adds negative charges to the R domain, and introduces global
conformational changes reflected by the reduction in the a-helical content of the R
domain protein (Dulhanty and Riordan, 1994). Thus, electrostatic and/or allosteric
changes mediated by phosphorylation are likely to be responsible for interactions
between the R domain and other CFTR domains that regulate channel function (Rich
et al., 1993, Gadsby and Naim, 1994).

Rich et al., 1991 showed that deletion of amino acids 708-835 from the R domain
(AR-CFTR), which removes most of the PKA consensus sites, renders the CFTR
channel PKA independent, but the open probability of AR-CFTR is one-third that of
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the wild type channel and does not increase upon PKA phosphorylation (Ma et al.,
1997, Winter and Welsh, 1997). Thus, it is possible that deletion of the R domain
removes both inhibitory and stimulatory effects conferred by the R domain on CFTR
chloride channel function. This conclusion is supported by studies that show that
addition of exogenous unphosphorylated R domain protein (amino acids 588-858) to
wt-CFTR blocks the chloride channel (Ma et al., 1996), suggesting that the
unphosphorylated R domain is inhibitory. Conversely, exogenous phosphorylated R
domain protein (amino acids 588-855 or 645-834) stimulated the AR-CFTR channel,
suggesting that the phosphorylated R domain is stimulatory (Ma et al., 1997, Winter
and Welsh, 1997). Therefore, it appears that the manifest activity (stimulatory or
inhibitory) depends on the phosphorylation state of the R domain.

About 25% of the known 700 mutations in CFTR produce a mutant CFTR protein
which is properly transported to the apical membrane of epithelial cells but have only
low level, residual channel activity. There is a need in the art for agents which can

boost the level of channel activity in those mutants having low level activity.

SUMMARY OF THE INVENTION

[06]

[07]

[08]

These and other objects of the invention are achieved by providing one or more of the
embodiments described below. In one embodiment of the invention an isolated
polypeptide is provided. The polypeptide comprises an amino acid sequence of SEQ
ID NO: 6 wherein the polypeptide retains a net negative charge of 1-8. More
preferably the variant of said CFTR protein has the sequence of SEQ ID NO: 1.

In another embodiment of the invention a method is provided for activating a CFTR
protein. An effective amount of the polypeptide is administered to a cell comprising a
CFTIR protein that forms a cAMP regulated chloride channel. The polypeptide
comprises the sequence of SEQ ID NO: 6. The CFIR protein is consequently
activated. More preferably, the polypeptide has the sequence of SEQ ID NO: 1.

According to another embodiment of the invention a method is provided for activating
a CFTR protein. An effective amount of a polypeptide is contacted with a CFTR

protein in a lipid bilayer wherein the polypeptide comprises the amino acid sequence
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[09]

[10]

[11]

[12]

[13]

of SEQ ID NO: 6. The CFTR protein is thereby activated. More preferably, the
polypeptide comprises the amino acid sequence of SEQ ID NO: 1.

In another embodiment of the invention a method is provided for synthesizing a
CFTR-related polypeptide. Units of one or more amino acid residues are linked to
form a polypeptide comprising the amino acid sequence of SEQ ID NO: 6. More
preferably, the polypeptide has the sequence of SEQ ID NO: 1.

In another embodiment of the invention an isolated polypeptide is provided. The

polypeptide comprises the amino acid sequence of SEQ ID NO: 2.

In yet another embodiment of the invention a nucleic acid molecule is provided. The
nucleic acid comprises a nucleotide sequence encoding a polypeptide according to

SEQ ID NO: 2.

In another embodiment of the invention a method of activating a CFTR protein is
provided. A nucleic acid comprising a sequence encoding a polypeptide according to
SEQ ID NO: 2 is administered to a cell comprising the CFTR protein, whereby the
polypeptide is expressed and the CFTR protein is activated.

These and other embodiments of the invention, which will be apparent to those of
skill in the art, provide the art with reagents and tools for enhancing function of

cAMP regulated chloride channels that are defective in cystic fibrosis patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[14]

[15]

[16]

[17]

Figure. 1A and 1B and 1C: Demonstration of increase in open probability of CFTR
channel with addition of the Q4 N2 NEG2 peptide.

(Figure 1A) Single channel trace of the CFTR channel before addition of peptide.
(Figure 1B) Single channel trace after addition of Q4 N2 NEG2 peptide (4 uM).

(Figure 1C) Summary of five separate experiments. Addition of Q4N2 NEG2
peptide increases the Po by about two-fold.
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DETAILED DESCRIPTION OF THE INVENTION

[18]

[19]

[20]

[21]

It is a discovery of the present inventors that the channel inhibitory properties of the R
domain of CFTR protein can be separated from the channel activating properties.
Thus activating polypeptides can be used to treat CFTR defective cells, without
concern for inhibition at certain concentrations. Activating polypeptides may also be
used to enhance the activity of normal CFIR, including that delivered by gene

transfer.

A polypeptide for use in treating CFTR-defective cells contains a 22 amino acid
sequence, GLXISXXINXXXLKXXFFXXXX, as shown in SEQ ID NO: 6. The
amino terminal residue is acetylated and the carboxy terminal residue is amidated.
The residue X, at positions 3, 6, 7, 10, and 11 is either glutamic acid or glutamine; at
position 12 is aspartic acid or asparagine; at position 15 is glutamic acid or glutamine;
at position 16 is cysteine or serine; at positions 19 or 20 is aspartic acid or asparagine;
at position 21 is methionine or norleucine; at position 22 is either glutamic acid or
glutamine. The amino acid residue at position 16 is more preferably serine. The
amino residue at position 21 is more preferable norleucine. The polypeptide of SEQ
ID NO: 6 has a net negative charge. The net negative charge is preferably within the
ranges of 1-8, 2-8, 3-8, 4-8, 5-8, 6-8, or 7-8.

The polypeptide more preferably has the sequence of SEQ ID NO: 1,
GLEISEQINQQNLKQSFFNDLE, wherein L at position 21 is norleucine. The amino
terminal residue of the polypeptide is preferably acetylated and the carboxy terminal

residue is preferably amidated.

The polypeptide may also be present in a composition with a pharmaceutically
acceptable carrier. Pharmaceutically acceptable carriers are well known to those in
the art. Pharmaceutically acceptable carriers include, but are not limited to, large,
slowly metabolized macromolecules, such as proteins, polysaccharides, polylactic
acids, polyglycolic acids, polymeric amino acids, amino acid copolymers, and
inactive virus particles. The composition can also contain liquids, such as water,

saline, glycerol, and ethanol, as well as substances such as wetting agents,

4
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[22]

[23]

[24]

[25]

emulsifying agents, or pH buffering agents. Buffering agents include Hanks’

solution, Ringer’s solution, or physiologically buffered saline.

It may be desirable that the polypeptide be fused to another polypeptide to provide
additional functional properties. For example, fusion to another protein such as
keyhole limpet hemocyanin can be used to increase immunogenicity. Another
desirable fusion partner is a membrane-penetrating peptide. Such peptides include
VP-22 (SEQ ID NO: 3), as well as the peptides shown in SEQ ID NO: 4 and SEQ ID
NO: 5. Such peptides can be used to facilitate the uptake of the polypeptide by target
cells. The polypeptides of the invention may also be fused to proteins that cause
specific targeting to lung epithelial cells. For instance, the peptide THALWHT
directs DNA to human airway epithelial cells. Single chain antibody variable

domains may be used to do the same.

A CFTR protein can be activated by the polypeptide. The CFTR protein can be in a
cell, preferably in the cell membrane and the CFTR protein forms a cAMP-regulated
chloride channel. An effective amount of a polypeptide that comprises the sequence
of SEQ ID NO: 6 can be administered to the cell, and administration of the
polypeptide activates the CFTR protein. The polypeptide administered more
preferably comprises the sequence of SEQ ID NO: 1.

The cells may be any cells that contain or express a CFIR protein. The cells may
naturally express the CFTR protein, such as lung epithelial cells, or the cells may
express the CFTR protein after transient or stable transformation. The cells may be
primary cells isolated from individuals that express a wild-type CFTR protein, or may
be primary cells isolated from individuals that express a mutant CFTR protein. The

cells may also be of a stable cell line. The cells may also exist in the body.

The CFIR protein is a wild type or a mutant CFTR protein. The mutant CFTR
protein is a CFTR protein that is expressed by the cells and that is transported to the
cell surface. The mutant CFTR protein also forms a cAMP-regulated chloride
channel. The mutant CFTR protein may contain alterations that are known and
characterized, or may contain alterations that have not yet been discovered. A mutant

CFTR protein that fails to undergo full activation is a CFTR protein that does not

5
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[26]

[27]

[28]

[29]

conduct ions to the same degree as wild-type CFTR. The mutant CFTR protein may
not conduct ions at all. The mutant protein may also conduct ions to a similar extent
as wild type CFTR but be present in the membrane in substantially lower amounts

than is true for normal individuals.

Activate\d is defined as any increase in conductance by the CFIR protein. An
increase in conductance may result when the opening of the CFTR channel occurs
with greater frequency than previously observed. An increase in CFTR conductance
may result when the duration of opening is increased each time the CFTR channel
opens. An increase in conductance may also result due to greater ability to conduct
ions each time the CFTR protein channel is open. The increase in open probability of
the CFTR protein is preferably at least 25%, at least 50%, at least 75%, at least 100%,
at least 125%, at least 150%, at least 175%, at least 200%, or at least 300%.

An effective amount is any amount of polypeptide that is sufficient to activate the
CFTR protein, as activate is defined above. Preferably, the polypeptide is
administered to achieve a concentration of 0.5 to 14 pM. More preferably, the

polypeptide is administered to achieve a concentration of 4-6 uM.

The polypeptide may be administered by any means acceptable in the art. For
instance, the polypeptide may be administered in vitro, or to cells in culture, by
addition to the medium. The polypeptide may be administered in vivo, to a patient, by
any route including intravenous, intrathecal, oral, intranasal, transdermal,
subcutaneous, intraperitoneal, parenteral, topical, sublingual, or rectal. = Most

preferably, the polypeptide is administered to a patient in an aerosol.

The aerosolized polypeptide can be co-administered with an expression vector that
encodes wild type CFIR protein. An expression vector may be linear DNA that
encodes wild type CFTR protein, or a plasmid or human artificial chromosome that
expresses wild type CFIR protein. The vector may be administered as naked DNA or
may be administered complexed to lipid molecules such as with liposomes, short
polypeptides such as the THALWHT polypeptide, or polycations such as polylysine,
with or without stabilizing agents and/or receptor ligands. The DNA may also be

administered in a viral vector. Viral vectors are known in the art. Several nonlimiting

6
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[30]

[31]

[32]

examples include retroviruses, adenoviruses, adeno-associated viruses, lentiviruses,
and herpes simplex virus. The gene encoding the wild type CFIR protein may
additionally comprise a promoter sequence to drive expression of the CFTR gene.
Any promoter known in the art may be used. Promoters include strong promoters
such as the promoters of cytomegalovirus, SV40, or Rous sarcoma virus. The
promoter may also be a tissue specific promoter. Preferably the tissue specific
promoter is a lung specific promoter. Lung specific promoters include the promoters
of surfactant protein A, keratin 18, Du Clara cell secretory protein, and the promoter

of CFTR.

A CFTIR protein can also be activated by applying an effective amount of a
polypeptide to a CFIR protein in a lipid bilayer. The polypeptide comprises the
amino acid sequence of SEQ ID NO: 6. The polypeptide more preferably comprises
the amino acid sequence of SEQ ID NO: 1. Activating a CFTR protein in a lipid

bilayer is useful to the art for screening agents for the treatment of cystic fibrosis.

A CFTR protein in a lipid bilayer may be a CFTR protein that is expressed in cells in
culture. The cells may express the CFTR protein without manipulation, or may be
stably or transiently transfected to express the CFIR protein. The lipid bilayer may
also be such artificial preparations as, without limitation, a microsome preparation, a
lipid-bilayer vesicle preparation, or liposomes. The polypeptide may be applied to the
protein by its addition to cell culture media, or solution in which the lipid bilayers are
maintained. A change in conductance may be measured by any means known in the

art, such as patch clamping.

A CFTR activating polypeptide can be synthesized by sequentially linking units of
one or more amino acid residues to form a polypeptide comprising the amino acid
sequence of SEQ ID NO: 6. Preferably the polypeptide has the amino acid sequence
of SEQ ID NO: 1. Synthesis of the CFTR polypeptide can be performed using solid-
phase synthesis, liquid-phase synthesis, semisynthesis, or enzymatic synthesis
techniques. Preferably the polypeptides are synthesized by solid-phase synthesis.
More preferably the peptides are synthesized by F-moc synthesis.
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[33]

[34]

[35]

[36]

The polypeptide of the invention may alternatively comprise the sequence of SEQ ID
NO: 2, GLEISEQINQQNLKQSFFNDME. The polypeptide of SEQ ID NO: 2 is not
modified. It is similar to the sequence of SEQ ID NO: 1, but for a methionine at
position 21, rather than a norleucine. Like SEQ ID NO: 1 and SEQ ID NO: 6, it may

be fused to a membrane penetrating polypeptide.

Nucleic acid molecules comprise a nucleotide sequence that encodes the
polynucleotide sequence of SEQ ID NO: 2. One of skill in the art will recognize that
many sequences will encode the polypeptide, as more than one codon can specify a
given amino acid. The nucleic acid may further comprise regulatory sequences that
enhance the expression of the polypeptide. Promoters may be strong constitutive
promoters, as discussed above, or may be tissue-specific promoters. Preferably the
tissue-specific promoter is a lung-specific promoter. The nucleic acid molecules may
further comprise a vector. The vector can be any suitable vector for the delivery of
the polynucleotide sequence into the Iungs of a patient, resulting in expression of the

polypeptide in the lungs of the patient.

A CFTR protein can be activated by expression of a polynucleotide. A nucleic acid
comprising a sequence encoding a polypeptide according to SEQ ID NO: 2 is
administered to a cell comprising the CFTR protein. The polypeptide is expressed
and the CFTR protein is thereby activated. The polynucleotide may be administered
by any acceptable means in the art. Preferably the polynucleotide is administered as

an aerosol.

The administration of the polypeptides of the present invention are most useful in
treatment of a class of mutations that encode CFTR proteins that are properly
delivered to the plasma membrane but that are residually or minimally active.
Minimally or residually active CFTR proteins have the ability to mediate or modulate
channel conductance. However, channel conductance is insufficient to sustain the
healthy, not cystic fibrotic phenotype. Residually or minimally active includes
proteins for which the activity of the CFTR can be recorded but may be at a level that
is barely detectable. This invention will also be useful for CFTR mutants that are, to a
large extent, misprocessed and thus reach the plasma membrane in much lower
quantities than normally processed CFTR, and for CFTR mutants that are, to a large
8
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extent, improperly spliced, but retain production of some properly spliced CFTR.
Known mutants of CFTR are listed in Table 1. In addition to its utility in the
activation of mutant forms of CFTR, this invention will be a useful adjunct to gene
therapy for cystic fibrosis. By enhancing the per-CFTR molecule chloride transport
activity, this peptide will increase the chloride transport activity obtained at any level

of expression of CFTR, thereby increasing its effective efficacy.
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Table 1 '
Name Nucleotide_change Exon I Consequence Reference |
[ | o 5' . — : i
1-816C->T Cto T at-816 promoter mutation? Bienvenu et al. (NL#60)
" flanking
1-741T->G T to Gat-741 promoter mutation? Bienvenu et al. (NL#59)
flanking
| 5
11-471delAGG deletion of AGG from -471 promoter mutation? Grade et al. 1994
i flanking
| % = 5-m o , $ i
-363C/T 1ICto T at-363 : ;|promoter mutation Zielenski et al. 1999%*
3 [ flanking i
f 3
1-102T->A T to A at-102 regulatory mutation? Claustres et al. (NL#69)
i flanking
5 ‘ |
-94G->T Gto T at-94 promoter mutation? ‘IClaustres et al. (NL#70)
; Jflanking
1-33G->A 1GtoAat-33 ‘ _ ||promoter mutation? Claustres et al (NL#67) |
flanking
? laltered translation
i1132C->G HCto Gat 132 1 ‘ Claustres et al (NL#67) |
‘ ] ! ; initiation? !
| R e - i . L ‘
1PSL ICto T at 146 1! Proto Leuatcodon5 }|Chillén et al. (NL#59)
1S10R ; C to A at 160 ! 1 Ser to Arg at codon 10 Hughes et al. (NL # 65) ‘
S13F C to T at 170 1 Ser to Phe at 1377 7 |Cao et al. (NL#69)>
185+1G->T IGto T at 185+1 intron 1 i mRNA splicing defect |{Férec 1998%*
mRNA sphcmg dcfect"
185+4A->T Ato T at 185+4 intron 1 Culard et al. 1994
. : |(CBAVD)
86 13C—>G C to G at 186 13 |intron 1 mRNA sphclng defect" Férec et al. (NL#50) ‘
j W19C G to T at 189 2 | Trp to Cys at 19 Macek et al. (NL#62)
i . I —_— S P | S
{ G27E G to A at 212 2 ‘ Gly to Glu at 27 Blenvenu et al 1994a
R31C i C to T at 223 2 |Arg to Cys at 31 Costes et al (NL #56) |
[ - . e RN SO P ! oo |
; R31L ; Gto T at224 2 t Arg to Leu at 31 5 Z1elensk1 et al 1995
i I L DTN | NS S | [
| ‘ . : Deleuon of 6 aa from
1232del18 Deletion of 18 bp from 232 42 | Faucz et al. (NL#69)
iILeu34 to GIn39
S42F iICto T at 257 2 {|Ser to Phe at 42 Férec et al. 1995 \
D44G AtoG At 263 2 Asp t Gly atdd  |[Fanenetal 1992

10
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£

i N:Tme Nucleotlde change i Exon | Consequence 3 Reference
[ D — Andomadl et al :
lla46D ICto A at 269 2 Ala to Asp at 46 ;
i . ‘ {(NL#64)
279A/G HAto G at279 2 {|No change (Leu at 49) Bienvenu et al. (NL#69)
o S | S - i e .
{I50T T to C at 280 2 Ile to Thr at codon 50 Casals et al. (NL #65)
T — | P S _ | — —
4S50P TtoC at 280 2 Ser to Pro at 50 3 Casals et al (NL#65)
— — i {ISer to Tyr at 50 i .

1850 1Cto A at 281 2 | Zielenski et al. (NL#63) |
3 J ) (CBAVD)

T - st

[296+3insT

msertmn of T after 296+3

intron 2

mRNA splicing defect?

Casals et al. 1998*

1296+1G->T ; Gto T at 296+1 intron 2 missense; MRNA Walker et al. 2000%*

‘ splicing defect?
296+ lﬁG—>C | G to C at 296+1 ;;;on 2 mRNA splicing defect | Tzetis et al. (NL#64)
‘ 29%:2’1‘ >C - | T to C atw296+2 N T;ﬁon 2 ‘ mRNA éphcmg defect | Férec et al. (NL#63)
[9619A>T A Ta29649  |iton2 |mRNA splicing defect? |[Ziclenski ot aTENL#as)
296+ 12T->E N T to”CV at 296+12 . Tﬁfron 2] ( mRNA sphcin;,, aéfect? ! éumlaf;ens et al. (NL#53)

: N . e " i s scheffer&Dng{;J
1297-28insA insertion of A after 297-28  ljintron 2 jmRNA splicing defect? ° |
| {|(NL#60) f
B973C>A  [CtoAat2973  linion2 |mRNA splicing defect? |[Ziclenski et oL (NL#T0) |
:297-3C-;T — s C tc; Tat297—3 I s 1r;ﬁgﬁwé r;-liilA spllcTnmgmd;fe;t?m Blen\’/e:lumet al. (I;IT,#SS) {

297-2A—>G — : A To G at 297—5 - 1ntru(w)r:2“§ mRNAu Us;h‘;mg defect Schwarz et al (NL#6T)~ ;
297?10T—>G — C tob GV at297-10 3 ;intronZ splice mutation? - Zielenski et al. 1999% *
D97 12insA {lmsertion of A at 297 12 |fmtron3 | sprlicewmutatiron"? [Girodon et al. 1099% |
Bk [GoAamds | [Guwolyass  |Doketal (L#9) |
W56 Mf; TtoGat30l 1 z T}”p“}"l) éiy“;?% ~ |[Ferrari etal. (NL#47)

35&57& T [TwoCarsol B MptwArgats7  |[Malone ot al. (NL#69)

;wﬁssi\im - GroAat30d {g E Aspto Asnats8  ||Dorketal. (Nﬁgé)
’@_G_ S A to G at 305 3 W: Asp to Gly atWS 8'” I Claustres et al. 2000%* ;
B0k [GoAa3lo B |[GlutoLysat é;omm Eﬁﬁgu;s otal. 2000% |
TE60£ 7‘ Gto Aat 310 e 3 ‘ Glu to Leu at 60 7 Casals et al 2000* ;
iﬁ66_S — f A TE)—G at 328 3 f|Asn to Ser at 66 |Cashman et al. (Nf,#g;)
j?gj . CAto T Fat332 }“_ mj w; 3 pro to Leu at 67 Hamosh et al (NL4§4)M

11
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i - Na;ne VVV-Nl;cl(‘a(;tidhe_chan;ge = Exoﬁ “Cof;ézal;eﬂh;: T Ré?ean;é 3
B amGaad B [yswoGuates  [Kilincetal (NL#T0) =
| ‘ IID6rk & Tiimmler
; K63N f Ato T at 336 3 Lys to Asn at 68 (NL#48)
B [Gw A =B ! Ala E&ﬁt% - g Pacheco et al. 1999* |
‘X;ED T IC o A at 347 § 3 Alato Aspat72 3 Te Gall of al. (NL#6S) |
iR74WW‘MM “Cto T at 352 ! 3 Arg to Trp“awtl 74 i Claustres et al. 1993
R140 Gio A at 353 B Atg to Gln at 74 } Malone et al. 2000%
RISL GroTat3%6 -E 3 |Astoleuat7s |Costes etal. (NL#55) =)
W791{ W“M Tto C at 367 ;w . MQ Trp to Arg at 79 ' Macek et al. (NL#56)
ig@ “Gto Aat386 B Gy to Glu at 85 Ziclonski o al, 19910 |
[G8Y  |[GuoTaii6 5 [GlytoValass  |Casalsetal (NL#67)
1587WL — : T to (:,Mat 391 — ;M ] “ Phe to Leu at 87 Bienvenu et al. 1994¢
i 188s  |TwoCa395 BE ToutoSerat88  |[Malonetal (NL#S) |
¥89C  [AwGas e [Tyr to Cys at 89 Seia ot al. 1999%
LQ@WW - -‘ u:[m‘mto Cat 401 3 ! Leu to Ser at 90 - ; Férec 199%*
R ¢ tc; X'atltoé b [oyoamgao Guillormit ot al. 1993 :;
105 1GoA  [GoAadsil  Jnwon3 [mRNA splicing defect § Dorkotal, 19936
osi3asC  [Awo émat1105+3 "~ |fintron 3 !mRNA;phcmg dotect? |[Hamosh ot al. (NL#54) ‘
10504 AR Gatdsed %iﬁﬁrc’)ﬁ“\s mRNA splicing defect? ||C | Ghanem et al, 1994
406-10C-5G _||Cto G at 406-10 ; intron 3 ||RNA splicing defect? |Greil et al. (NL#55)
[4066T>C  |[TwCatd066  |mtron3 mRNA splicing defoct? ||Claustres ot al. 1993
. [ToCatd063 g — [mRNA splicing defect? I{ifiﬂ& éfaf(i\ii%bf }
[062A5G Ao Gard062 “fintron 3 || mRNA splicing defect |[Dork ot al. (NL#69) |
062A>C  JAwcCad062 lintron 3 [ mRNA splicing defect ||Costes ot al. (NL#60) 1
2061G>C  |[GoCatd06l [mtron; 3 [mRNA splicing defect |[Bonizzato ctal. 1992
:106-1G>MA ‘ G vt‘o A at 406-1 intron 3 jjmRNA splicing defect | Wang et al. 1998*
406-1G->T Gto T at 406-1 intron 3 {/mRNA splicing defect isle;r)lvenu et al (NL
; ; !
3 _Egz_gwm G A a{t w06 ,,‘ n ] Glu to Lys at 92 W Nunes etal. 1993 m(
A9GE C to A at 419 4 | Ala to Glu at 96 Férec 1998* E
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' VmNé'nvle ‘ ’ k&ucml';ﬁdé_cﬁl:angém § MEX(_); N C}n;;equence ) ; - litg'mm';ce }
T N N T T
(P99L Cto T at 428 4 Pro to Leu at 99 [Setwartz &
Holmberg(NL#50)
£_Q5_1LI il Tmt(; Aat 446 ! 4~ - M** Ile to Asn ét 1(35 ; éiaustres et al. 2000* ’M;
SIS [CroTatdss i |[SertoPheat 108 |[Seydewitz et al. 1995 WE
! ;165-1-\}»»“»»« O T to A at 457 4 Tyr to Asn at 109 Schaedel et al. 1998%*
viee | A{o Gatdss e ; Tyr to Cys at 109 1 sghg'eaef ctal 1994 |
D110H G to C at 460 4 Asp to His at 110 Dean et al. 1990
BlléY G toT atIZSO 4 :/Asp to Tyr at 110 ; Casals et al. 2000%*
DL CwAmaen Asp”{é Gluall0  [Seiactal 1999% 1
M - EZ tmo‘G at 463 — Z ' Pro to Ala at 111 - érec et ;l (NL#69) B
Jﬁ»MA WWE E;o T at 464 | | 4‘ g Pro t? Lf:u at 1‘11 | ; Claus;rugéwet al. (NL#62) i
| delta F115 '3 bp deletion of 475-477 | 4 ; deletion of Glu at 115 Ch1110n Et al 1995
| | (NL#61)
[ELl6C T[Gocaann [GuwGmalls  |[Walkeretal 2000
E1~6k : G to‘A at ;78 7 4 & | i Glu to Lys at 11‘6M -‘ Costes et al (N£#6E)) ) ’
!M 7 C toT at481 — 4 f Arg to Cys at 117 T b;;k et al 1994b
’ Rl I;H G to A at 482 4 :1 Arg to Hxs at 117 ‘ Dean et al. 1990
RIZP  Gocadsz & |Agwbroall? Feldmann et a. (NL#64)
RI1TL T[GtoTatas2 la ArgtoLeuat 117  |[Férecetal 1995
AI120T G to A at 490 [+ JAlatoTnrat120  |[Chillénetal 1994
st [Twcasos 4 1ife'{"o" Thrat12s  |[Mitre (NL#70)
| G126D Gto A,ét 509 ‘ - 4 Gly to Asp at 126 Wagner et al. 1994'
L137R 1T t0Garsa2 4 ; Leu to Arg at 137 Chevalier-Porst &
i Bozon (NL#70)
LI3TH  [ToAass2 [ [leutoHisat137  |[Wallace (NL#G9)
- . insertion of CTA,WTAC or i ~ i . ) f‘ B
#L138ins ACT at nucleotide 544, 545 orl 4 ; nsertion of leucine at Dork et al. (NL#69) |
546 ; £138
HIR  ||AtoGat548 I His to Arg at 139 |[Férec et al. 1995
pld0S [CroTat550 n [Pro to Ser at 140 Férec et al. (NL#61)

13
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Name 1 Nucleotide_change Exon ‘ Consequence ‘ Reference
f bl fcwTassi & JProtoLeua 140 5 Toetis of al. (NL#70) .
[A141D gcw{dxatm b [AlawAspatial w Gouya et al. (NL#GS) }
25_1_46_R ; Ato G at 569 4 His to Arg at 146 Bienvenu et al. (NL#68) |
| | |cBAVD)
st [TwCats;s 4 |letoThrat148  |[Bozonctal 1994
%M | T to A at 575 4 [ Ile to Asn at 148 Casals ot al. (NL#69)
lclaor GoAat 577 T T TGyt Argat 149 |Mercieretal. 1995
M;zv — ,_,; N tc;at <o ] ) “Metto Valat 152 |Edkins & Creegan
| l (mutation?) (NL#54)
%M152R T to G at 587 T [Met to Arg at 152 Yoshimura 1998*
g 501dells deletion of 18 bp from 591"' & [[deletion of 6 a.a. from |[Varon & Reis (NL#64)
';Ai«séi; T |[GtoCats95 4 |[AlatoPro at 155 Ziclenski ct al. (NL#70)
;M T awcaeod |l |[Serto Argat 158 [Girodon et al. 1999
Nl [Toaaes & “[Tyrto Asnat 161 |Claustres ot al. 2000%
Yi6lD  |TtoGat6l3 - VR i;r}o Asp 2t 161 [Zielenski ot al. 1999% |
Y161S I ALC at‘614 (together with 4 |Tyr to Ser at 161 Andrew et al. 1999*
l612T/A) | |
KIE  AwGaole ¢ [iystoGluat16z  |[Tzetis ot al. (NL#70)
21G>A  [GoAa6l 4 mRNA splicing defect [Mackova ot al. (NL#&Z)W;
©1+1G>T  [GtoTaezl+l  intron4 | IRNA splicing defect | [Ziclonski ot a. 19915
TG ToCaezez  fmtrond | [MRNA splicing defect |[Schwarz et al. ( NL#G6) |
l@L2T>G  [ToGa6lr2  |mton4 . e mRNA splicing defect ||Claustres ofal. 1993
621+3 Aj>G - ; A to Grag~6’;1+3 — 15&81? 4 g mRNA sphcmg“cwletm:ect | Tiet“;swe; ai V(VNL#7O)
622205C 5 AwCat6222  |fmwrond '; mRNA splicing defect Cuppens ctal. 1993 =
622-1G>A Mi GloAat6zl i intron 4 [mRNA splicing defect |[Ziclonski et al. (NL#66)
ess to’ 6 ;t”é% — 5 |[CeutoSerat165 |[Férecetal. NL#SD) |
; — B 4 — B MDME T m«i 1 MaCCk et al. E
1K166Q Ato G at 628 iS5 {Lys to Gln at 166 i
! |OvL#62:66) |
9@ . k C to T a't é4w0“0 B E 5 Argto Cys at 170 7 F}:;ee et al. (NL#62) ;
R % CoGaoi |5 |lAgtoGlyail70 |[Claustes éi:f(NL# 49)
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N a;ne Nucleotlde _change Exon Consequence Reference
RIZOH  [GtoAat64l 5 |ArgtoHisat170 [Brownsell ctal. 2001%
i 1175V A to G at 655 5 Ile to Val at 175 /[Romey et al. 1994a
|1177T T to C at 662 5 {|lle to Thr at 177 /|Bienvenu et al. (NL#68)
G178R G to A af 664 z 5 Gly to Arg at 178 * Zlelenskl et al 1991b
179K 1C to A at 667 5 Glnto Lys at 179 Zhang & Wong 2000%*
- S | DR | P i R | R
‘ {Claustres & Carles
1N186K {Cto A at 690 |5 Asnto Lys at 186 1
: ‘ (NL#70)

o | S ¢ .. I3 SR I
N187K |Cto A at 693 5 :|Asn to Lys at 187 Ardulno et al 1998*
D192N 1G to A at 706 5 Asp to Asn at 192 {|Costes et al. (NL#62)

, deiefion cf TGA or GAT from 7 —
idelta D192 5 deletion of Asp at 192 {{Feldmann et al. (NL#66)
1706 or 707 ;
D192G Ato G at 707 5 Asp to Gly at 192 " HAudrézet et al. 1994 .
§ : [Ferrari et al. (NL#62); et
E193K |G to Aat709 S |Glu to Lys at 193 .
I { al. Mercier et al. 1995
! 7i l+71G~>T G to T at 71 1+1 a dintron 5 2 mRNA spliciﬂg defect | Z1e1ensk1 et al 1991b »
P | R - PN | ! : .
3 i Macek MJr et al.
71143A->C #Ato Cat711+3 ‘lintron 5 lmRNA splicing defect
i ’ ; (NL#61) |
7114+3A->G 3 A to G at71 1+3 mtron 5 mRNA splicing defect Petreska et al 1994
711+3A->T _' A to T at 71 1+3 intron 5 i mRNA splicing defect? | Casasl et al (NL#67)
; 711+5G->A G to A at 71145 intron 5 E mRNA splicing defect Bisceglia et al 1994
71 1+34A->G HAto G at 71 1+34 intron 5 mRNA sphcmg defect‘7 , Tzetls et al (NL#68)
712 1G—>T G toT at 712— I intron 5 mRNA splicing defect Chlllén et al (NL#59)N
G104V GroTat713 |6a | Gly to Val at 194 i Férec 1908
N—— B Ut | WU | P ——— | - o
! AL98P G to Cat 724 6a Ala to Pro at 198 Walker et al. 1999*
; . Doérk & Tiimmler
H199Y CtoT at 727 6a His to Tyr at 199
" F (NL#45)
1H1990 (T to G at 729 7 |6a His to GIn at 199 ‘ Dean et al. (NL#28)
N t e |
1V201M i G to A at 733 6a Val to Met at 201 Férec 1998*
3 - H .. ~veewvereer - -
IIP205S ICto T at 745 6a :|/Pro to Ser at 205 Chillén et al. 1993b
i p— ; |
IL206W T to G at 749 6a '[Leu to Trp at 206 (Claustres et al. 1993
[L206F G to T at 750 lea  |[Leuto Phe at 206 Féroc ot al. (NL#69) |
Do et ! o )
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T Name Nucleotxde; éhange Exon Consequence Reference
[A200s  |[GooTa757 ~ ea Ala to Ser at 209 Férec 1998+
[E217G AtoGat782 6a |Glu to Gly at 217 {[Zielenski et al. (NL#70)
[020R At Gat791 oo Glnto Argat 220 |[Férec 1998 §
P——— ecrom i B i o o .00 e 6 e b b e e v R o s R 8555 e e <k s O, B _
|c225 T to o Cat 805 6a Cys to Arg at 225 [Fanen ot al. 1992
L227R T to G at 812 6a Leu to Arg at 227 Ghanem et al. (NL#59)
| | [Val to Asp at 232
V232D T to A at 827 6a Costes et al. (NL#60)
= (CBAVD)
0237E CloGatsdl 62 (GlntoGluar237  |[Costesctal (NL#62)
I _ ‘ !
G239R G to A at 847 6a Gly to Arg at 239 i Zielenski et al. (NL#60)
G24AIR " i< GtoAa8z 62 Gly to Arg at 241 Ferec ot al. (NL#69)
e e o o N | P - S
; [Met to Leu at 243 (ATG
M243L dAto C at 859 6a ! Yoshimura 1999*
! flto CTG)
M244K T to A at 863 6a Met to Lys at 244 Claustres et al. (NL#64)
: T T VrvrrArgﬁtoTHrat248 1 —
IR248T #1G to C at 875 6a Scheffer et al. (NL#70)
‘ ; (CBAVD) i
s o o ” . i S | S ‘
: intron !
875+1G->C #IGto C at 875+1 P mRNA splicing defect {Zielenski et al. (NL#58) |
‘ a
—  finwon ] —
1875+1G->A Gto A at 875+1 6 mRNA splicing defect :{Duarte et al. (NL#63)
a
i intron | B E
876-14del12 sideletion of 12 bp from 876-14 p |mRNA splicing defect? :JAudrézet et al. 1993a
‘ a ‘
! intron k 3
'1876-10del8 ‘deletion of 8 bp from 876-10 p HmRNA splicing defect? {Costes et al. (NL#46,47)§
; a i
intron ! Chevahcr-Porst &
876-3C->T iICto T at 876-3 |splicing mutation?
: 6a . Bozon 1999% ;
R258G G to A at 904 6b Arg to Gly at 258 Merc1er et al 1995 ;
[vo2oL [GoTar289 ~ 5 [ValtoLeuat920 n Girodon et al. 1999% _
IM265R [Tt G at 926 oo Mot to Arg at 265 Schwarz ot al. (NL#65) |
S : I —
IIE278del i deletion of AAG from 965 6b |deletion of Glu at 278 !{Casals et al. (NL#70)
‘3 , ‘
* ; |Shrimpton & Borowitz
IN287Y 1A to T at 991 6b '|Asn to Tyr at 287 :
§ ‘ | I(NL#69)
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Né.lme T Nucleotlde change Exon . Consequence Reference ;
— [deletion of TTAAGACAG || ' T
994del9 {i6b mRNA splicing defect :|Zielenski et al. (NL#70) |
| from 994
‘ A z intron
; 1002-3T->G [T to G at 1002-3 : 66 mRNA splicing defect : Mackova et al. (NL#64)
E292K G to A at 1006 7 Glu to Lys at 292 Blenvenu et al (NL#68) i
R20TW CtoTat 1021 7 [Arg to Trp at 297 Dork ot al. (NL#69)
1R2970 G to A at 1022 7 ‘ Arg to Gln at 297 {|Graham et al. 1991
[A200T GtoAat 1027 7 | AlatoThrat299 |[Férec 1999%
| (T B | | " Consfantinou—Deitas
Y301C AtoGat 1034 7 HTyr to Cys at 301 ‘
‘ (NL#58)
S307N G to A at 1052 7 |Ser to Asn at 307 Onay & Kirdar (NL#70)
A309D Cto Aat 1058 7 Ala to Asp at 309 Ferrari et al. (NL#64)
TA309G [CtoGat 1058 7 [Ala to Gly at 309 [Bienvenu et al, (NL#68) |
N Ideletion of 3 bp between 1039 [deletion of Phe310, 311 || o
delta F311 ! 7 ‘ Meitinger et al. 1993
-and 1069 Jor 312
F311L C to G at 1065 7 ‘ Phe to Leu at 311 Ferec ot al. 1992
[G314R [GtoCat1072 7 Gly to Arg at 314 i Nasr ef al. (NL#56)
: | Chevalier-Porst &
G314V i{Gto T at 1073 "7 1Gly to Val at 324 :
! i ! {|Bozon (NL#70) ;
JG314E 1G to A at 1073 7 Gly to Glu at 314 Golla et al. 1994
[F316L T to G at 1077 7 Phe to Leu at 316 Férec 2000%
V317A T to C at 1082 7 Val to Ala at 317 Férec et al. tNL#SS)
| | , . .
| ; 'Cou to Val at 320 )
1320V T to G at 1090 7 1 Bienvenu et al (NL#67)
CAVD
L320F AtoT at 1092 7 'Ieu to Phe at 320 Macek et al. (NL#64)
| ' ) NValtoAmat322 || |
WV322A AT to C at 1097 7 ' i i Férec et al. (NL#63) '
| i E (mutation?) :
" ! f i Ravnik-Glavac otal. .
L327R T to Gat 1112 7 |Leu to Arg at 327 i 2
: A(NL#53)
R334W CtoTat 1132 I[7 |Arg to Trp at 334 ; Estivill et al. 1991
R334L [GoTat 1133 e ArgtoLeuat33d  [Dorketal (NL#69) |
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gw« _Nam; ] | Nuclé;t:d; ;hanmge Hi E?;);l_: - Coi;;s;q:ghce { T Kefer;;;e -
k40 58’“&;{1133 — 7 |ArgtoGlnat334 Férec ot al, (NL#65) |
I336K TtoAat 1139 7 Ile to Lys at 336 E Cuppens et al. 1993
38l ; CtoT at 11£5W S TR f Thr to e at 338 Saba et al. 1993
B4k [GoAaiisa |10 [GlutoLysat474 Girodon et al. 1999 |
1.346P o j TtoCat1169 7 | Lw;; to Pro at 346 Constantinou (NL #58) :
R34IC E‘to Tatll7l 7 |Argto Cys at 347 “Férec otal (NLESG) |
a R3ATH G At 117§m 7 E ArgtoHisat 347 Cromonesi ot al., 1992
? 11521:7—1’ GtoCat 1172 7 Arg to Pro at 347 i Dean et al. (NL #6)
R34L  [GoTall2 B [AgtoLeaat3d7  ||Audiézetetal 19938
M3ASK | [ToAatll’s 7 MettoLysat348  |Audrézetctal. 19936 |
X349V CtoT at 1178 7 1Ala to Val at 349 i Audrézet et al. 1993a
R3ow  |[CoTallss gt Tpatds2  |[Bymeetal (NLF69)
MQ Gto A at lfg; — 7 mmf A;g to Gln at 352 T %wCMremones;et_z;lmlm992 -
3530 | AtoCatllol 7 Gintofis at353  |Feres ot al. (NL #65)
r 3;1"('”36% “ICtoAat1207andCroAat || I[Glu to Lys at 359 and | Sh:;m; al 1;;2 ]
I Throlysat3®0 || i
1Q359R } Ato G at 1208 | 7 Gln to Arg at 359 § Férec 1999# §
WiIRT>0)  [Tocaidi |7 |Tpwa Arg at361  |[Bienvenu e:;rENL#%)
| W361R(T->A) : T to A at 1213 7 Trp to Arg at 361 | Tellerla & Alonso E
| | 1998+
S“3 6‘2;“’ ) = / T ;6’Cm;ﬁw;2“§A“VA‘A N 7 = mi Ser to 1;1‘ 0 at 364 Hamosh et al. (NL#SZ;
ese  |TwoCari2ze 7 LeutoProat36s ||Casalsetal 2000% |
12431ns6 ) N 1nsert10n éfwACAAAA after I ir{serfigx; O'f Asp ;djndw = Shackleton et al S—
1243 [Lys after Lys370 (NL#67)
E TZZgllGoA - G to A at 1248-:1 = introﬂ 7 mRNA splicing defect wS:h\;/arz etal. (NL#SS)
§'1249-29de1AT " [deletion of AT from 1249-20 |fintron 7 é mRNA splicing defect? ||Zielenski ot al. (NL#69) |
53““1;493;;15715; “liolotion of TA at 124927 | intwon 7 |[mRNA splicing defect? |[Egan et al. (NL#70)
; 1249-5A—>G A0 Gat 1249 intron 7 (mRNA splicing dofect? |[Bienvenu ot al. (NL#62)
zL37_5£ IAtoCat 1257 lg  ([eutoPheatds Jézéquel (NL#65) |
| I T e m
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f 7 N.;ixhe Niloleotlde change Exon f Consequence ; Reference
o = -’ - B ‘: o 7 ' . — ! GIaeSCI' & Mehnert
E379X 4G to T at 1267 8 /|Glu to Stp at 379
= : 2000%*
1.383S T to C at 1280 8 iLeu to Ser at 383 i Casals et al. (NL#69)
mer  [Crwo Gé&? - 7 [Thrto Arg at 360 Férec 1998*
] [ " [Val to Ala at 302 Bienvenu et al (NL#67,
V392A T to C at 1307 8
; {CAVD NL#68)
- - Zielenski et al. Larder et
1V392G T to G at 1307 18 |Val to Gly at 392 _
‘ : ifal. (NL#70)
[M394R TtoGat 1313 I8 Mot to Arg at 304 |[Férec 1998*
| 7 T f {{Yoshimura & Azuma
A399V Cto T at 1328 8 'JAla to Val at 399
; h 2000* ;
d L O | S S | - L ;
JE403D GtoCat 1341 8 Glu to Asp at 403 Férec 1999* |
i | : o - — — Tellerla & Alonso |
11341G->A 1Gto Aat 1341 18 ? i
- | | 11098+
z 1341G—>A 1Gto Aat1341 8 Tel]erla 1999*
i 1341+1G—>A IIG to A at 1341+1 intron 8 | mRNA sphcmg defect Dork et al (NL#69)
i N | .| S
? 1341+18A >C Ato Cat 1341+18 intron 8 | mRNA sphcmg defect7 Claustres et al (NL#60) g
: Dork & Tiimmler
11342-11TTT->G {TTT to G at 1342-11 Hintron 8 JmRNA splicing defect?
- ; (NL#59)
1342 2A—>C ! Ato Cat 1342-2 intfon 8 mRNA spllcmg defect Dork et al. 1993b
iICutting & Curristin (NL
1342-1G->C Gto Cat 1342-1 intron 8 ;/mRNA splicing defect 430)
B4V |AtoTatl3s2 o |[Gluto Valat407 |[Zielenski ctal. 1999*
N418S ; A to G at 1385 19 J|Asn to Ser at 418 ‘ Sava et al. (NL#64)
G4248 #Gto A at 1402 9 E Gly to Ser at 424 Blenvenu et al. 2000* }
D443Y G to T at 1459 19 g Asp to Tyr at 443 Bionvenu cf al. (NL#63)
14445 [T to G at 1463 T MewSeratdsd  |Ziclenskietal 1999
| Q452P Ato Cat 1487 19 /|Gln to Pro at 452 Claustres et al. (NL#70)
ldeletion of 3 bp between 1488 | {|deletion of Leu at 452
delta 1.453 9 ‘ Dork et al (NL#67)
| and 1494 it 454
I . . . | T | R
SA455E C to A at 1496 9 { Ala to Glu at 455 Kerem et al. 1990
| R | N :
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, - Nafne | Nucleotxde change Exon ; Consequence Reference
| o SV UUUE | DUSUUUIIOS | 0RO U | R
(| V456F , G to T at 1498 9 IVal to Phe at 456 Dork et al. 1994a
1G458V ) ; G to T at 1505 9 j Gly to Val at 458 Cuppens etal. 1990
! B in 'nsertlon of C after 1524+6 } . i
11524+6insC intron 9 jmRNA splicing defect? :|Bienvenu et al. (NL#61)
1525 1G—>A - G te A at 1525-1 intron 9 {ymRNA splicing defect Dork et al. 1993a
— | ' Ser to Leu at 466
S466L Cto T at 1529 10 Costes et al. (NL#66)
‘ (CBAVD)
|G4sos | G to A at 1570 [0 [Glyto Ser at480 |[Kawasoe et al. 2001%
I G480C to T at 1570 10 Gly to Cys at 480 ‘ Smit et al. 1991
| - Hawworth et al.
G480D Gto A at 1570 10 |Gly to Asp at 480
: 1 (NL#66)
E ‘ J|His to Tyr at 484 :
H484Y iCto T at 1582 1110 Casals et al. (NL#69)
! ! |(CBAVD?) |
P R SO | RO L
| 1A t G at 1583 110 |His to Arg at 484 EFérec 1998
P - S B T — i o —
; A to T at 1585 110 ! Ser to Cys at 485 Andrew et al. 1999*
- | Ic Chevalier-Porst &
C491R T to C at 1603 10 fICys to Arg at 491 :
i i Bozon (NL#70) |
[s492F [CoTat 1607 10 [Serto Phe at492 Feecetal 1992 |
10Q493R § A to G at 1610 10 | Gln to Arg et 493 Savov et al. 1994a s
I [Proto Alaat499
P499A ICto Gat 1627 10 Arduino et al. (NL#68)
| il(CBAVD)
[T501A [AtoGat1633 10 [ThrtoAlaat501  |[Claustres etal. 1999%
— I N s 1 i SV | T——— . - [T s o
; : ; : Chevalier-Porst &
1502T AT to C at 1637 110 Ile to Thr at 502
; ] Bozon (NL#70)
504Q 1Gto C at 1642 10 Glu to Gln at 504 Baranov (NL#34,#35)
ZISO6L A to C at 1648 § 10 {Ile to Leu at 506 %Zielenski et al. (NL#70)
L —— B D — L— i
lideletion of 3 bp between 1648 deletion of [1e506 or  !|Kerem et al. 1990; ‘
i|delta 1507 : 10 ‘
| Hand 1653 {{I1e507 Schwarz et al. 1991 !
i . ; .. ] . e o
115068 T to G at 1649 110 Ile to Ser at 506 |Deufel et al. 1994
4I506T | T to C at 1649 10 {lTle to Thr at 506 | Desgeorges et al 1995
[ T, o T — L T R | R o
delta FS08 deletlon of 3 bp between 1652 10 {|deletion of Phe at 508 Rommens et al Rlordan
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Na;ne Nucleoti&e_chénge Exon | Consequence Reference
Tand 1655 S letal., Kerem et al. 1989
E508S T to C at 1655 10 | Phe to Ser at 508 {Férec 1998*
s e | - . N

|AtoGat1670

1110

|(CBAVD)

Asp to Gly at 513

|Bienvenu et al. (NL#70)

I[Ato G at 1682

10

HTyrto Cysat517

; Arduino et al. (NL#70) |

V520F

1Gto T at 1690

Val to Phe at 520

\Jones et al. 1992

V520l

B p—

[Gto A at 1690

10

‘ Val to ﬂe at 520

Malone et al. (NL#60)

1706del16

16 bp dele;ﬁon from 1706

10

deletion of spice site

1706del17

deletion of 17 bp from 1706 °

g deletion of splice site

{Leoni et al. 1993
i

5E527Q | HGtoCat 1711 l 10 ‘|Glu to Gln at 527 ‘Byrne et al. (NL#70)
r T Benetazzo et al.
ES27G AtoGat 1712 10 Glu to Gly at 527
; |(NL#70) |
intron o Jordanova et al.
1716-1G->A Gto Aat 1716-1 mRNA splicing defect
10 (NL#69)
! ; Gluto Aspat 528 | ;
ES528D 1GtoTat 1716 | 10 |Girodon et al. 1999*
‘ . ! (splice mutation?) : ‘
. lintron 3.
11716+2T->C (4T to C at 171642 ! 10 {fmRNA splicing defect i{Claustres et al. (NL#68)
i E § H H
|intron ]
1717-8G->A Gto Aat1717-8 10 mRNA splicing defect? ;|Savov et al. 1994a
Jintron | |
1717-3T->G TtoGat1717-3 i 10 mRNA splicing defect? ||Férec et al. (NL#68) !
lintron ! ; :
1717-2A->G AtoGat1717-2 o | mRNA splicing defect ||Hawworth et al (NL#67).
; intron | !
11717-1G->A Gto Aat1717-1 0 [mRNA splicing defect ||Kerem et al. 1990
| intron [mRNA splicing '
11717-9T->A TtoAat1717-9 ; Vouk & Komel 1999*
; 10 lmutation?
iD529H 'GtoCat 1717 111 Asp to His at 529 Férec 1998*
1A534E ‘ CtoAat1733 11 2 Ala to Glu at 534 ; Audrézet et al. 1993a
| IChomel & Kitzis |
1539T HT to C at 1748 11 Ile to Thr at 539 :
; (NL#66) i
(SRS | PO - o e s o
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; Name | - Nucledilde change Exon ; Consequence Reference
GS44SW Gto A at 1762 11 g Giy to Ser at 544 Férec et al. (NL#61)
: |Gly to Val at 544
116544V GtoTat 1763 11 ; Claustres et al. (NL#69)
'I(CBAVD)
[SS4RGASC)  |AwCacl777 |1 |[Serto Argat549 ISangiuolo et al. 1990
1S549N Gto Aat 1778 11 E Ser to Asn at 549 Cutting et al. 1990a
S5491 |IGtoT at 1778 111 ISer to Ile at 549 Kerem et al. 1990
I AL i ; ——
f SS49R( T—>G) : T to G at 1779 11 .|Ser to Arg at 549 : Kerem et al. 1990
e ot e P o o o —— - RS J— s v bt s s okt o
G550R G to Aat 1780 111 |Gly to Arg at 550 Férec et al. (NL#66)
G5518 Gto Aat 1783 111 |Gly to Ser at 551 Strong et al. 1991
G551D GroAat 1784 Tt Gly to Aspat 551 Cutting et al. 1990a_
SAN aaAm i s NRAMAMERL MW - A A e A et e ot . . t h o o ] — P -
10552K Cto Aat1786 11 Gln to Lys f Faucz et al (NL#69)
R553G CtoGat 1789 11 "|Arg to Gly at 553 HFérec et al. (NL#59)
e U N L IR | W s e b R |
§ [Arg to Gln at 553
R5530 3 Gto Aat1790 111 (associated with delta  |{Dérk et al. 1991b
§ ! F508;
:RSSSG A to G at 1795 11 : Arg to Gly at 555 Zlelenskl et al 1999*
- MetoValatss6
11556V AtoGat 1798 11 ! Ghanem et al. (NL#50)
H(mutation?) g
N I D | NS R | P
LSSSS T to C at 1805 H11 ; Leu to Ser at 558 {Maggio et al. (NL#31)
A559T l Gto A at 1807 11 {|Ala to Thr at 559 Cutting et al. 1990a
[A559E [CroAat 1808 1 |[AlatoGluat5s9  |Girodonctal 1999% |
IIRS60K G to A at 1811 ! li i Arg fo ];ys at 560 7 Ferec et al 1992
' TArgto Thrat 560; || "
R560T IIGtoCat 1811 11 ! Kerem et al. 1990
; |mRNA splicing defect?
intron ‘
1811+1G->C iGtoCat 1811+1 1 mRNA splicing defect [|Petreska et al. (NL#50)
i |intron creation' of splice donof
11811+1.6kbA->G i|A to G at 1811+1.2kb {|Chillén et al. 1995
’ : e site i
7 7 intron\ EMM ’ I ) o
i 1811+18G->A  :Gto A at 1811+18 1 f mRNA splicing defect? ||Teng et al. (NL#65)
% 1812-1G->A Gto Aat1812-1 |{intron ; mRNA splicing defect ||Chillén et al. 1994
i ]
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I Name - Nucleotlde change ; Exon Consequence Reference j
- . ; 1v1
R560S A td Cat 1812 12 Arg to Ser at 560 [Costes ctal. (NL#54)
TAS6lE  CtoAatisid 12 t Ala to Glu at 561 [Duarte ot al. (NLA35)
V562L i G to C at 1816 7 12 {Val to Leu at 562 ; Hughes et al (NL#65) 2
_— . : 1 i
V5621 4G to A at 1816 12 Val to Ile at 562 Feldmann et al (NL#67)
Y563D | iIT to G at 1819 12 S Tyr to Asp at 563 Hamosh et al. (NL#54)
[Ys&3N  [TtoAat1819 2 |[TyrtoAsmat563 |Keremetal (NL #13)
Y563C TAtoGat 1821 12 [TyrtoCysat563 Delhaize C (NLE67)
% N J | e O . N | WU ———
: | {Leu to Phe at 568
J{L568F 1Gto T at 1836 12 . Dork et al. (NL#69)
; E (CBAVD?)
[¥seoD T to G at 1837 12 Tyr to Asp at 569 Malone et al. (NL#65)
Y569H TtoCat 1837 12 Tyr to His at 569 ; Costes et al. (NL#52) !
; Y569C A to G at 1838 {l12 1 ;t‘yr to Cys at 569 Plaseska et al. (NL#45)
L5718 T to C at 1844 112 Leu to Ser at 571 iISavov et al. (NL#60) ;
;D572N G to A at 1846 112 } Asp to Asn at 572 ; Férec et al. (NL#59)
{P574H : C to A at 1853 12 5 Pro to His at 574 Kerem et al 1990 !
; [Gly to Ala at 576 T N ?
4G576A G to C at 1859 12 j ‘ISarginson et al. (NL#69)
; , 1(CAVD) i , !
Y577F iJAto T at 1862 12 Tyr to Phe at 577 ;| Dork et al (NL#67)
§D579Y |G to T at 1867 h2 Asp to Tyr at 579 Harris et al. (NL#63)
D579G Ato Gat 1868 12 ; Asp to Gly at 579 Ferrari et al. (NL#53)
D579A [AtoCat 1868 2| Aspto Alaat 579 [Pacheco et al. (NL#70) §
T5821 C to T at 1877 12 Thr to Ile at 5 82 Claustres et al (NL#67)
%T582R |Cto G at 1877 12 |Thr to Arg at 582 ; Casals et al. (NL#SS)
| Ser to Asnat 589 o
£ i : i
1S589N 1Gto Aat1898 12 (mRNA splicing Scheffer et al. (NL#68) |
; idefect?) ‘
| | [Ser to Tle at 589
1S5891 1Gto T at 1898 12 Schwarz et al. 1999*
; iI(splicing?)
I . {
lintron | : : |
1898+1G->T Gto T at 1898+1 " mRNA splicing defect {Morris (NL #62) ;
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Name Nucleotide_change Exon | Consequence Reference
RSSO | SN R | : . " i

1898+1G->C

G to C at 1898+1

intron

12

mRNA splicing defect

Cuppens et al. 1993

1898+1G->A

4G to A at 1898+1

intron
12

/mRNA splicing defect

Strong et al. 1992

1898+3A->C

Ato C at 189843

intron
12

mRNA splicing defect?

Mercier et al. 1995

intron

: i
11898+3A->G ‘1A to G at 1898+3 B {/mRNA splicing defect? ||Ferrari et al. (NL#35)
I N 15 : - -
: intron i
11898+5G->T Gto T at 1898+5 1 mRNA splicing defect :|Zielenski et al.1995
- \[intron . )
1898+5G->A G to A at 1898+5 ! mRNA splicing defect |[Férec et al. (NL#69)
| . e
: intron
1898+73T->G T to G at 1898+73 1 mRNA splicing defect? {|Smit et al. (NL#37)

|

[R600G

[Ato G at 1930

13

Arg to Gly at 600

Bienvenu et al. (NL#69)

1601F

AtoT at 1933

s

Ile to Phe at 601

Schwarz et al. (NL#68) |

veosE

[GtoTat 1939

13

Val to Phe at 603

|Zielenski et al. (NL#70)

|

T6041 ICto T at 1943 13 HThr to Ile at 604 1{Girodon et al.r 1999%

111949del84

i

|deletion of 84 bp from 1949

13

delétion of 28 a.a.
(Met607 to GIn634)

Granell et al. 1992

|H609R

A to G at 1958

513

‘{His to Arg at 609

Bienvenu et al. (NL#69)

i

i

L610S

T to C at 1961

13

Leu to Ser at 610

Férec et al, (NL#52)

A613T |G to A at 1969 13 |Ala to Thr at 613 Liechti-Gallati (NL#68) |
D614Y 4G to T at 1972 13 Asp to Tyr 614 Girodon et al. 1999*
[D614G [AtoGat1973 13 AsptoGlyat614 | Audrézet et al. 1993b
1618T ITtoCat1985 13 'MetoThrat618 Macek et al. (NL#62)
1L619S ‘ T to C at 1988 13 g Leu to Ser at 619 Dork et al. 1991
H620P 1A 'to C at 1991 13 E His to Pro at 620 Haworth et al. (NL#66)
N |
; ; Dork and Sturhmann
H6200 IT to G at 1992 13 |[His to Gln at 620
! ! | (NL#68)
J—— e i e o il DU | S
2 : IIGly to Asp at 622 § _
1G622D G to A at 1997 13 0o ) ‘(Zielenski et al. (NL#68)
i {|(oligospermia) | |
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Narhe 77777 Nucléotlde change Exon Consequence Reference
IG628R(GoA) |G to A at 2014 113 Gly to Arg at 628 ||Fanen of al. 1992
G628R(G->C) GtoCat2014 {13 Gly to Arg at 628 Cuppens et al. 1993
[633F  [TwoCat2030 13 leutoProat633  |Haworth et al (NL#62)
6366 |TtoCat2039 15 |LeutoProat636 |Bombieri et al (NL#70)
D648V § Ato T at 2075 13 Asp to Val at 648 Férec et al. (NL#44)
D65IN 1G tb A at 2083 13 Asp to Asn at 651 Bombieri et al. (NL#?O)
T665S [AtoTat2125 3 Thr to Ser at 665 Férec ot al, (NL#63)
o . - | e+ e e i s )
deletion of 3 bp between } )
iE672del 13 deletion of Glu at 672 !|Claustres et al. (NL#69) |
2145-2148 ;
‘w § — ; ‘ T | Chevalier—Porst &
K683R Ato G at2180 113 |Lys to Arg at 683
: : | Bozon 2000%*
. F— . i N
[F6o3L(CTT) |T to C at 2209 113 |[Phe to Leu at 693 |Audrézet et al. 1993b |
693L(TTG) T to G at 2211 13 § Phe to Leu at 693 [Meyer et al. 2001*
e aih SRR | TS | N | S
j K698R : A to G 2225 13 Lys to Arg at 698 j Ferec et al. (NL#69)
E725K ’ G to A at 2305 ‘ 13 ‘ Glu to Lys at 725 Tzetxs et al. (NL#70)
- . ! ) T - B Chevaher-Porst & ”V
4P750L, 1Cto T at 2381 113 :{Pro to Leu at 750 ;
3' ; Bozon 2000%
I L P . S | i s e
1V754M z G to A at 2392 ‘ 13 ‘ Val to Met at 754 Wallace (NL#69)
1T760M {Cto T at 2411 13 Thr to Met at 760 Zlelenskl et al. 1999*
R766M HG to T at 2429 113 I|Arg to Met at 766 1 Glavac et al (NL#66)
N782K § Cto A at 2478 13 ilAsn to Lys at 782 G1rodon et al 1999* §
S—— T 3 T DS VUT T TETUINE NG — . R
§R792G Cto G at 2506 413 : Arg to Gly at 792 Glavac et al (NL#66)
A800G C to G at 2531 113 Ala to Gly at 800 Merc1er et al 1995
E822K Gto A at 2596 13 Glu to Lys at 822 Merc1cr et al. 1993a
E8’76K ; G to A at 2608 13 Glu to Lys at 826 Bombieri et al (NL#67)
intron “
2622+1G->T Gto T at 2622+1 13 splice mutation Girodon et al. 1999% |
! ‘ Jintron ‘ ;
12622+1G->A Gto A at 2622+1 i 13 {jmRNA splicing defect |Audrézetetal 1993a |
j \|deletion of TAGGTA from |(intron .
12622+2del6 : A I ImRNA splicing defect i|Zielenski et al. (NL#70)
; +
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T MName | Nﬁciéotide_changé 4 Exon Consequence Reference
— T — i — Gﬁaﬁém & Goossens
D836Y Gto T at 2638 i114a Asp to Tyr at 836
i (NL#47)
N ! .

R851L Gto T at 2684 il14a  ||ArgtoLeuat 851 | Casals et al. (NL#68)
‘C866HY T G to A at 2729 N i 14a 1 Cys to Tyr at 866 HAudrézet et al. (NL#41)
H 3, e - o o : N " -
|L867X T to A at 2732 142 |Leu to Stop at 867 Haworth et al. (NL#69)
i 275 1G>A Gto A at2751 14a |[mRNA splicing defect? ||Wagner et al. (NL#65),

? RO | P .in;mn s | = ,
12751+2T->A T to A at 2751+2 u {/mRNA splicing defect |Antoniadi et al. (NL#68)
414a ‘

: intron ||mRNA splicing defect?
2751+3A->G 1A to G at 2751+3 Casals et al. (NL#65)
: 14a (CBAVD)
44444 % T——
1 : intron ‘ |
12752-26A->G UA to G at 2752-26 u mRNA splicing defect? |Tzetis et al. (NL#66)
a :
: i int.ror,l : , g
2752-1G->T 1Gto T at 2752-1 ” mRNA splicing defect 1|Férec et al. (NL#65) :
a !
intron 7 Dubourg & Blayau
12752-1G->C 1G to C at 2752-1 ,|splice mutation !
i . 142 ! 11999+ §
e | i i B P .
T908N |Cto A at2788 14b Thr to Asn at 908 l{Férec et al. (NL#69)
) i, . Jintron  |mRNA splicing defect? ) 7
2789+2insA linsertion of A after 2789+2 ! Dubourg et al. (NL#70)
; 14b (CAVD)
] intron
2789+3delG deletion of G at 2789+3 L4b mRNA splicing defect .[Macek et al. (NL#63)
: ! intron |
(12789+5G->A G to A at 2789+5 L4b /mRNA splicing defect ||Highsmith et al. 1990
| | |
2790-2A->G ! A to G at 2790-2 14b {/mRNA splicing defect |{Marigo et al. (NL#61)
, fintron | .
12790-1G->C z G to C at 2790-1 14b |{[mRNA splicing defect ||Schwartz et al. (NL#54)
7 77 § §intrc;n ‘ - ‘
2790-1G->T 1Gto T at 2790-1 : L4b tmRNA splicing defect |Bienvenu et al. (NL#63) .
1Q890R |A to G at 2801 5 |Gln to Arg at 890 i Casals et al. 1998*
| S 1 T USRI | IUSURSR | N— ; S — P
iD891G ’ A to G at 2804 15 |Asp to Gly at 891 Kilinc et al. (NL#70)
1S895T |G to T at 2816 15 |Ser to Thr at 895 [Férec 1999*
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Nalhe T Nucle(;tide_change Exon ! Consequence Reference
[T8961 CtoT at 2819 15  [[ThrtoTle at 896 Lazaro etal. 2000% |

IN9QOT ; G to A at 2831 15 Asn to Thr at 900 Férec 1999*
2851A/G A orGat 285 1 ) 15 Ile or Val at 907 3 Claustres et al 2000*
oo [CtoTa2867 15 [SertoLeuatol2 | Ghanem et al. 1994 B
"
YO913C A to G at 2870 f 15 {Tyr to Cys at 913 Vldaud et al. 1990
N | I | P | .
¥917D T to G at 2881 15 { Tyr to Asp at 917 Schwarz et al. (NL#69)
;m — 5 o ‘ Edkms & Creegan E
YO17C Ato G at 2882 15 {Tyr to Cys at 917 ‘ i
‘ 3 H(NL#60)
018M  ||T to G at 2886 15  |[HetoMetat918 |Girodon etal. 1999*
Y919C | A to G at 2388 15  [TyrtoCysat919 Savovetal. 1994
VI20M GtoAat 2890 , 15 i[Val to Met at 920 Bienvenu et al. (NL#63)
. -
D924N 1|G to A at 2902 15 Asp to Asn at 924 |Girodon et al. 1999%*
L927i’ 7 } T to C at 2912 » 15 é Léu to Pro z;t ”9727 7 | Hefmans et ai. 1994 3
F932S ) T to C at 2927 15 |Phe to Ser at 932 Férec 1999*
" 7 Arg to Ser at 933 E
R933S AtoT at2931 15 | Dork et al. (NL#69)
:3 ; (f (CBAVD)
| Valto Glyat938 | -
V938G T to G at 2945 15 :IDork et al. (NL#69) :
: |(CAVD) ; |
I1H939D 1C to G at 2947 15 [Eis to Asp at 939 Ferec et al (NL#54) !
§H939R 5 A to G at 2948 115 ! H1s to Arg at 939 Ferec et al (NL#69)
S945L f C to T at 2966 ; 15 3 Ser to Leu at 945 C]austres et al 1993
[AtoT at 2968 5 Lys t Stop 2946 |[Haworth et al. (NL#69)
E C to T at 2977 15 HlS to Tyr at 949 i Ghanem et al 1994 |
A to G at 2978 15 HlS to Arg at 949 Ferec et al. (N'L#65)
|T to C at 2987 15 Met to Thr at 952 |Zielenski et al. 1999*
o — " Met t(r)ﬂllewat 952 T T
M9521 1G to C at 2988 15 ¢ Girodon et al (NL#67)
CBAVD mutation?
M96lI , GtoT at 3015 15 [[Met to Ile at 961 Malone et al. 2000%*
ILeu to Ser at 967 |
19678 1T to C at 3032 15 % Zielenski et al. (NL#70)
; x ||(oligospermia?)
L — U S o , SRR | N
|G970R GOT0R G to C at 3040 15 |Gly to Arg at 970 {Cuppens et al. 1993
'»« A sosmoran v o 5 Beamacarece om <ooosas covorn - grvover Ro—— R ‘ s -
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: Name Nucleotlde change Exon Consequence Reference
intron

30404+2T->C T to C at 3040+2 15 mRNA splicing defect {Poncin (NL#69)

; dintron
3041-1G>A 11G to A at 3041-1 : L5 ImRNA splicing defect |{Malone et al (NL#67)

e et s e B o . oo oo 0 . s e £

Vassilakis et al.
(NL#69)

1G970D Gto A at 3041 16 Gly to Asp at 970

V T - “ 7: Leu to Phe at 973 Dérk and Sturhmann
1.973F TC to AT at 3048 and 3049 16
, J(CBAVD) (NL#68)
(L973P ‘ T to C at 3050 . 16 {ILeu to Pro at 973 B Férec 1998%* |
U | NI | | R | T T |

S977P T to C at 3061 16 |[SertoProat977  |[Dork et al. (NL51)

S977F Cto T at 3062 16 |Ser to Phe at 977 |[Férec et al. (NL#69)

D979V A to T at 3068 116 ‘ Asp to Val at 979 [Feldmann et al. (NL#68)

: Asp to Ala at 979 [Dérk and Sturhmann 7 w
(CBAVD?) |(NL#68) §
‘ ; |

otk o N aro a ammme b na nasmn B L T T T s sw—

1980K T to A at 3071 116 i|Tle to Lys at 980 t Blenvenu et al. (NL#62)

1 . - I —

1D979A A to C at 3068 16

[Claustres & Guittard f

DO8SH G to C at 3085 116 |Asp to His at 985 |
| | (NL#70)

[Dossy [Gto Tat3085 16 Asp 0 Tyr at985  |Bienvenu ot al. (NL#3) | |

[oo1v AtoGat3103 16 [otovalat99l |[Bombieri etal 20005 |

j Gto T at 3109 16 |Asp to Tyr at 993 Claustres et al (NL#67)

T to Gat3113 16 [Phe to Cys at 994 i Claustres et al (NL#70) i

3120G->A G to A at 3120 116 : mRNA sphcmg defect Zlelenskl et al 1994 v

: intron ¢
13120+1G->A 4G to A at 3120+1 16 :)/mRNA splicing defect :{Macek et al. (1997)
§ i i

i

: | intron
13121-2A->T i{Ato T at 3121-2 16 /mRNA splicing defect i Férec et al. 1995
| | ’

iL — " — - UV | AU | S R 1. e e o

; lintron % 1
13121-2A->G Ato Gat3121-2 ! 16 ;/mRNA splicing defect |Macek et al. (NL#60) i

¥
I
}
i
35
i

2 intron . *
i13121-1G->A Gto Aat3121-1 16 mRNA splicing defect jjFeldmann et al (NL#67) |
! ‘ i
1L99TF 1Gto Cat3123 117a :|Leu to Phe at 997 Kabra et al. (NL#69)

' T | e P—— PR | - S — o s i 1+ e e}
f 3131de115 deletlon of 15 bp from 3130 f 17a |deletion of Val at 1001 % Wallace & Tassabeh_]l i
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‘,7 - N:nne - Nncleotnle change | Exon . Consequence Reference
im s e S i OEISIURTURTRUY | NP § NP, . YN
3131, or 3132 Tto Tle at 1005 (NL#61)
1 11005R 4T to G at 3146 117a i{lle to Arg at 1005 Dork et al. 1994b
[AL006E l[C to A at 3149 172 ||AlatoGluat1006  ||Férec et al. 1995
V1008D Tt Aat3155 | 172 |[Valto Aspat1008 ||Casals et al. (NL#70)
A1009T G to A at 3157 17a Aia to Thr at 1009 Bombieri et al. 2000%*
P1013L CtoTat 3169 17a |Pro to Leu at 1013 Onay et al (NL#69)
YiOMC A to G at 3173 17a Tyr to Cys at 1014 Bozon (NL#70)
Pro to Ser at 1021 E
4P1021S CtoTat3193 17a Casals et al. (NL#69)
|(CBAVD)
) deletlon of AGTGAT from |deletion of Val1022 and ‘| *
3195del6 17a H Claustres et al. 1994
113195 to 3200 1{11e1023
o SR VOSSN | WP, [P . S
: ! lldeletion of 18 aa from { Desgeorges et al.
3196del54 .|deletion of 54 bp from 3196 {17a '
: : \icodon 1022 J(NL#65)
, |deletion of ATAGTG from Tdeletion of Tle at 1023
13199del6 ! 17a Bozon (NL#70)
3199 and Val at 1024
11027T |T to Cat 3212 17a Ile to Thr at 1027 1 Andrew et al 2001 x ‘
M1028R T to G at 3215 417a  [Metto Arg at 1028 Lazaro ot al. 2000% |
M10281 "GtoTat 3216 17a { Met to Ile at 1028 ' Onay et al (NL#69)
i Tyr " Cys at 1032
Y1032C 1A to G at 3227 17a | iIDork et al. (NL#69)
(CBAVD) ;
11366T T to C at 4229 22 Iso to Thr at 1366 Férec 1999*
V I — = -ﬁ;mshiff for exon 17b, |
13271delGG deletion of GG at 3271 17a ! Wang 1998*
loss of splice site
| ;
| - B :
intron 1 '
; 3271+1G->A 4G to A at 3271+1 17 mRNA splicing defect jMercier et al. 1994
i i a ‘
: 5 -
intron
13271+1delGG % deletion of GG at 3271+1 17 mRNA splicing defect |{Wang et al. 1998*
| ;
— e i b
3272-26A->G A to G at 3272-26 : 7 {imRNA splicing defect? |Fanen et al. 1992
. i a
N {
f intron ;
i 3272-9A->T HA to T at 3272-9 - mRNA splicing defect? ||Chomel et al (NL#67) .
i : a } | !
i I e S RO | SOOI | RO
§ 3272-4A->G _ A to Gat 3272 4 } intron jmRNA splicing dcfect? Kanvakis (NL#63) 5’
) | - _— e Vs e R | -
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T mlw\"Iz;mem T ; -a&—l;a;o{l-(—l; cilange - Exon Conéequence Refer;;;m 1
| SRS, | N ,_1,,,7a i .
3272-1G>A Gto A at 3272-1 i ilr;t;on ‘ mRNA splicing defect |{{Mercier et al. 1993b

R L S —— T s b e L Gly t(;Am;l—) ” 1047 and e
1G1047D Gto Aat3272 17b mRNA splicing defect? | Teng et al. (NL#68)
|cBAvDY)

F1052V [TtoGat3286 e | Phe to Valat 1052 |[Mercier et al. 1993b

¥1053I C to T at 3290 17 ' missense mutation f Bienvenu et al.wl998*

T10531 | Cto T at 3290 | 17b Thr to Ile at 1053 Bienvenu et al. (1998)

||CBAVD?)

IfIMlM634DM - Ctoé ét 3292 - =] W17b N His to Asp at i054 Férec et al. 1993

TI057A thc: Gat3301  |i7b  |ThrtoAlaat1057  ||Ghanem et al. (NL#68)

K1060T AtoCat3311 17b Lys to Thr at 1060 | Casals ° al 1995
: (NL#61)

GIO6IR  GtoCat3313 176 |Gly to Arg at 1061 TMercier ot al. 1093b i

L106F  |CtoTat332s T [CeutoPheat 1065 |[Taetisetal (NL#10) |

L1065R [ToGasss i t Leuto Arg at 1065 j|Casals ot al (NL#G7)

Lioese [Tt Cat3326 T [Leuto 13}:215 1065 g Ghanemetal. 1994

R1066S e t: Aat3328 T [As o Serat 1066 [Féreo ot al (NL#63)

R1066C  ||CtoTat3328 |76 ||ArgtoCysat1066 'i:;{lé;é{ﬂ 1992

EA1066H Gto A at 3329 17b j|Arg to His at 1066 Férec et al. 1992
E1666£ — GtoTat 332~9~-~ | I%b 5 Arg‘ to Leu at 1066 ~—~ Mer01er et al. 19931:;

1%1667%‘ ) = G toml.\mat 333’"1""" ] 17b JAla to Thr ét' 1067 Férec et al. 1992

AI06D  |[CoAat332 I7o  |AlatoAspat1067  |[Girodon etal. 1999*

GIOOR  ||GtoAat3337 =7 |Gy o Argat 1060 |[Savo etal. 1954 |

éig%%; B émto T at 3340 17b |Arg to Trp at 1070 Macek et al. (NL#58) ;
?R“_IQ“EQM ) ”(;to Aat334] § 17b N Arg to Gln at 1070 _lgllugrcier et al. 1993b E

EIO;OP - - 3341‘(;1}0 C T | 17bwm : Arg to Pro atlh(;;OM ~w Shﬁmpton & Boro-;;t; I
WQ:_I_OiIE_WW W A t<; Cat 3344 - 17b “ Gln to Pro at 1071 - Ghanern et al. 1994 |

01071H " [G o Tat3345 17 GlutoHisat 1071 |[Clasutres et al. 2000% | |

P1072L, ] ‘ CwoTa3347  |i7b  [ProtoLenat1072  |[Bombieri ot L (NL#70)
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§ Naxﬁe i Vsrlr\Iruc‘l;&tide_change Exon | Consequence : Reference
§ 1074L Tto A at 3354 17b  |[Phe to Leu at 1074 [Casals et al. (NL#65) |
[L1i077P T tb C at 3362 17b Leu to Pro at 1077 iiBozon et al. 1994
H1085R Ato G at 3386 17b {{His to Arg at 1085 Mercier et al. 1993b
T10861 Cto T at 3388 76 |Thrto Ile at 1086 Bienvem ot al (NL#61)
{N1088D [lAto Gat 3394 17b Asn to Asp at 1088 ; Zielenski et al. (NL#70)
Y1082H [T t0 C at 3406 N7b [Tyr to His at 1082 Fean ot al. (NL#69)
L1093P [Tto Cat3410 176 |[LeutoProat1093  |[Wine etal. (NL#69) .
o ' ‘ Claustres & Guittard
L1096R #T to G at 3419 17b iiLeu to Arg at 1096 '
, 1998* !
WI1098R [T to C at 3424 [17b - |[Trpto Argat 1098 |Zielenski et al. 1995
Q11io0pP JA to C at 3431 17b Gin to Pro at 1100 I Nunes et al. (NL#55)
MI1101R T to G at 3434 1170 Metto Argat 1101 [Mercier et al. 1993b
P o i o S S . N v o - : . P
i‘MIIOlK T to A at 3434 17b [Met to Lys at 1101 Zielenski et al. 1993
SLLLEF [C to T at 3485 176 |[SertoPheat1118  |[Férec 1998* B
i1S1118C /ICto G at 2485 I117b Serto Cysat 1118 |Zielenski et al. 1999*
l {IGly to Arg at 1123 {Wallace & Tassabehji
1G1123R G to C at 3499 17b 1
[ mRNA splicing defect? j|(NL#60) i
; lintron Creegéﬁ & Edkins
13499+2T->C iIT to C at 349942 . /mRNA splicing defect
' | 417b 1 (NL#64)
R 1 . _ _— P | P
! intron f
3499+3A->G J|Ato G at 3499+3 17 mRNA splicing defect? ;[Haworth et al. (NL#68) |
% e ; I — 3 mtron : R | I
13499+6A->G (A to G at 3499+6 ; 17b mRNA splicing defect? [Férec et al. (NL#65)
; N intron " | ; |
3500—2A~>G A to G at 3500-2 17 mRNA splicing defect |{Vidaud et al. (NL#70)
i |[Deletion of AAG at 3504 - | f: |
{E1123del ' 118 deletion of Glu at 1123 :{Ellis (NL#70) :
: 3506 ; f
[ TS | N PV A R . et
IG1127E Gto Aat3512 1118 |Gly to Glu at 1127 Bienvenu et al. (NL#63) |
13523A->G Ato G at 3523 18 |[lleto Valat 1131 Giorgi et al. 1999*
Al1136T G to A at 3538 18 {|Alato Thr at 1136 i{Férec 2000%
. J f
IM1137V A to G at 3541 18 ; Met to Val at 1137 Zielenski et al. (NL#59) |
[ ——— 0 il L —— —— N
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- Naine 77 ”Nucléotide_change Exon Consequence Reference
MII37R  |TtoGat3sd2 18 |MettoArgat 1137  |[Duarte et al. (NL#65)
] i i
{11139V 1A to G at 3547 18 |Tle to Val at 1139 Teng et al. 1994
H ) — - .
i |deletion of 3 bp between 3550 ) .
idelta M1140 18 iideletion of Met at 1140 {Férec et al. (NL#64)
' and 3553 f
M1140K T to A at 3'551" 18 [Met to Lys at 1140 Férec 1998*
T11421 Cto T at 3557 118 Thr to Ile at 421 Lizaro et al. 2000%
V11471 Gto Aat3571 18  |Valtolloat1147 |[Kilincetal. (NL#70)
N1148K [Cto A at 3576 T 18 [AsntoLysat1148 |[Casals et al. 2000%
[ I e o
: ‘ Highsmith et al.
(D1152H Gto C at 3586 18 ‘|Asp to His at 1152
(NL#49)
| ValtoGluat 1153 | |
IV1153E T to A at 3590 18 {Dork et al. (NL#68) ‘
; (CBAVD) ;
; | Asp to Gly at 1154 ;
1D1154G HA to G at 3593 118 iiCostes et al. (NL#64)
: H(CBAVD) ‘
) 3600G->A Gto A at 3600 18 ImRNA splicing defect ||Zielenski et al. 1994 !
. . , mtron I e o
3600+2insT ilinsertion of T after 3600+2 18 mRNA splicing defect? |[Zielenski et al. (NL#70)
: i intron | ‘
13600+5G->A § G to A at 3600+5 8 {mRNA splicing defect? /[Bienvenu et al. (NL#66)
! intron . -
3601-20T->C T to C at 3601-20 18 mRNA splicing mutant? |Kabra et al. (NL#69)
j intron “ | |
43601-17T->C (T to C at 3601-17 18 mRNA splicing defect? |Audrézet et al. 1993a
intro.n_ i e
3601-2A->G A to G at 3601-2 8 jmRNA splicing defect |Dork et al. 1993a :
S1159P 1T to C at 3607 119 ’ Ser to Pro at 115p Macek et al. (NL#55)
S1159F iCto T at 3608 |19 /|Ser to Phe at 1159 ||Férec 1999%* |
[D1168G [Ato G at 3635 19 AsptoGlyat 1168 [Macek et al. (NL#58)
K1177R TAtoGat3662 19 |[LystoArgat1177  [Baralle etal. (NL#61)
s No change to Ser at i
3696G/A G to A at 3696 18 iiMalone et al. 1999*
| 1188 ;
! V1190P : T to A at 3701 19 I Val to Pro at 1190 ] Glavac et al. (NL#64)
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[ Name , " Nucleotide change | Exon Consequence 'g Reference
| J— R » I S U { O | S
3750delAG delet1on of AG from 3750 19 |frameshift ; Mercier et al. 1993a
] i
deletion of G between 3751 !
3755delG 19 frameshift Claustres et al. (NL#70)
and 3755
7 - I v 7 Nuklwa & Seyama
M12101 G to A at 3762 19 Met to Ile at 1210
(NL#55)
V12121 i G to A at 3766 19 Val to Ile at 1212 Macek et al. (NL#SS)
- ; ! Dubourg & David
L1227S T to C at 3812 19 Leu to Ser at 1227
i E (NL#70)
E1228G A to G at 3815 BT Gluto Gly at 1228 |[Kilinc et al. 2000%
Claustres & Maugard
112307 T to C at 3821 19 Ile to Thr at 1230
| 3 (NL#69)
1 11234V Ato G at 3832 } 19 E Ile to Val at 1234 Claustres et al..1992b
A SIZBSR T to G at 3837 19 '|Ser to Arg at 1235 Cuppens et al. 1993
G1237S G to A at 3841 119 i|Gly to Ser at 1237 |Casals et al. 2000%
?91238R : A to G at 3845 |Gln to Arg at 1238 Ferec C et al (NL#SS) ]
13849G->A G to A at 3849 ; mRNA sphcmg defect" Cuttmg et al 1992
! 1ntron ‘
13849+1G->A G to A at 3849+1 19 JmRNA splicing defect {{Greil et al. 1993
; . ] — e . ,
3 3849+4A->G A to G at 3849+4 o /mRNA splicing defect? {{Ronchetto et al. 1992
| ICto T in a 6.2 kb EcoRI intron |creation of splice
13849+10kbC->T Highsmith et al. 1994
; fragment 10 kb from 19 19 acceptor site
| : intron
3849+5G->A G to A at 3849+5 19 |[mRNA splicing defect? |[Kilinc et al. (NL#70)
i intron |
3850-3T->G 4T to G at 3850-3 19 mRNA splicing defect |{{Dork et al. 1993a
' ‘|intron |
13850-1G->A 4G to A at 3850-1 19 /mRNA splicing defect |Audrézetet al. 1993a
V1240G T to G at 3851 120 Val to Gly at 1240 Zlelenskl et al. 1999*
G244V |[GtoTat3863 20 ([GlytoValat1244  [Savovetal 19946 |
G1244E |G to A at 3863 20 Gly to Glu at 1244 ‘Devoto et al. 1991
T 12461 “ICto T at 3869 20 Thr to Ile at 1246 [Férec ot al. (NL#64)
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§ | Name 7 Nucleotlde change Consequence Reference
» (mutation?)
G1247R “ Gto A at3871 1|Gly to Arg at 1247 {ICasals et al. (NL#69)
G1249R7 ‘ Gto A at 3877 | Gly to Arg at 1249 “ Dijkstra et al. 1994
GI1249E  |GtoAat3878 [Gly to Gluat 1249 |Greil ot al. 1994 i
' i
; Kilin et al. 1992a;
1S1251N G to A 3884 Ser to Asn at 1251
! : [Mercier et al. 1993a
| —— | R — _— coih S — o
AT1252P A to C at 3886 ! Thr to Pro at 1252 Wallace (NL#69)
’ §1255P ] T to C at 3895 | Ser to Pro at 1255 Llssens et al. 1992
S1255L .‘ CtoT at 3896 Ser to Leu at 1255 Blenvenu et al. (NL#69)
F1257L [T toG at 3903 Pho to Lou at 1257 ||Férec 1998*
. } deletlon of ACT from elther deletion of Leu at 1260 |
idelta 1.1260 ; Hermans et al. 1994
43909 or 3912 Jor 1261 ‘
: "~ [deletion of 10 bp from 3922 _ deletion of Glu1264 to
113922del10->C ; Schwarz et al. (NL#69)
iJand replacement with 3921 Glul266
: ; - ~-v McDoWeIl et al
11269N (T to A at 3938 Ile to Asn at 1269
; (NL#66)
D1270N ‘ G to A at 3940 {|Asp to Asn at 7i2770 - ; Dean et al. 1991
| W1282G T to G at 3976 Trp to Gly at 1282 f Faucz et al (NL#69)
W1282R T to C at 3976 |Trp to Arg at 1282 7 j Ivaschenko et al. 1993
[w1282C : G to T at 3978 c Trp to Cys at 1282 Férec et al. (NL#69)
U | B = N N | g i
R1283M G to T at 3980 ; Arg to Met at 1283 {Cheadle et al. 1992
R e e S | K
f ‘ |IChevalier & Bozon
R1283K 1Gto A at 3980 ‘|Arg to Lys at 1283
| (NL#54)
F1286S T to C at 3989 : Phe to Ser at 1286 Dorval et al. 1993
/ 9129 lR A to G at 4004 Gln to Arg at 1291 Dork et al. 1994b
_3 3 Gin to His at 1291; ‘
;§21291H i G to C at 4005 mRNA splicing defect {Jones et al. 1992
)
; 4005+1G->A 4G to A at 4005+1 mRNA splicing defect % Férec et al. 1992
4005+2T—>C T to C at 4065+2 /[mRNA splicing defect {|Boman (NL#69)
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: Néme T Nueleetlde change : Exon Consequence E Reference
| U | W il . i | s
i 20
§
deletion of 14 bp from 4006- ||intron i |
14006-61del14 .ImRNA splicing defect? j{Friedman et al. (NL#59) |
: 61 to 4006-47 20 % :
| TP : “ int,ron e
14006-19del3 deletion of 3 bp from 4006-19 20 mRNA splicing defect? |Naseem et al. (NL#36)
i
intron .
4006-14C->G C to G at 4006-14 20 mRNA splicing defect? :{Poncin (NL#69)
| . . ?
‘ intron o Chevalier-Porst & ‘
4006-8T->A T to A at 4006-8 imRNA splicing defect? |
20 1 iBozon (NL#70) ;
,,,,,, i — e
4006-4A->G 1A to G at 4006-4 20 |mRNA splicing defect? ||Chomel et al. (NL#68) |
V12931 ! G to A at 4009 21 I[Val to Ile at 1293 Férec et al. (NL#69) !
T1299I CtoTat 4028 121 5 Th1 to Ile at 1299 {Liechti-Gallati (NL#68)
Fl 3OOL T to C at 4030 21 Phe to Leu at 1300 Poncm (NL#69)
N1303H 1 A to C at 4039 (21 [|Asn to HlS at 1303 ‘ Claustres et al 1992b
? : Llssens et al. (NL#66)
N13031 Ato T at 4040 1121 |Asn to Ile at 1303 :
, j [Férec et al. (NL#66)
IN1303K Cto G at 4041 21 Asn to Lys at 1303 | Osborne etal. 1991
T | T — b
§D1305E T to A at 4047 21 J Asp to Glu at 1305 ‘ Claustres et al. (NL#69)
j Ql313K ‘ C to A at 4069 i 21 Gln to Lys at 1313 . Malone etal. (NL#68)
V1318A T to C at 4085 ;21 Val to Ala at 1318 Férec 1998* ‘
E1321Q IG to C at 4093 21 [GlitoGlnat1321  |[Férecetal (NL#64) |
& T —— e e ‘ s . st s i b s i o s s e ;
intron | ' ;
14096-28G->A G to A at 4096-28 ’1 JmRNA splicing defect? :|Claustres et al. (NL#68) ,
B : H
o I !
intron ;
4096-3C->G C to G at 4096-3 » mRNA splicing defect? {{Claustres et al. (NL#69) |
L1335P T to C at 4136 22 !ILeu to Pro at 1335 Zielenski et al. (NL#70)
[Photo Valat 1337 |
F1337V T to G at 4138 22 Scheffer et al. (NL#70)
! (CBAVD)
§L1339F CtoT at 4147 22 [|Leu to Phe at 1339 Girodon et al. 1999*
| I JUN | S ] s e b . s, et it
% G1349S Gto A at4177 22 |Gly to Ser at 1349 Yoshimura 1999*
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» Name gy - Nucleotlde change Exon Consequence i Reference ;
613219]3 . -"E Gto Aat 4178 22 [|Gly to Asp at 1349 Beaudet et al. 1991 %
‘ Lys to Glu at 1351 ,
KI1351E Ato Gat4183 122 | Dork et al. (NL#69)
. ; (CBAVD) ;
i i 4 B 22 : él’ . 1 352' i Nnkiw a' & Seyama
1Q1352H* 1Gto Cat4188 n to His at
: (NL#55)
R1358S Ato T at 4206 22 Argto Ser at 1358 Férec 1999*
‘{Ala to Val at 1364 "
1A1364V Cto T at 4223 22 | Claustres et al (NL#67)
: : CBAVD 5
DI1377H [GtoCat4261 22 |[AsptoHisat 1377 |Costes et al. (NL#56) j
« Leu to Gln at 1388 !
L13880Q 4T to A at 4295 123 Dork et al. (NL#68)
' ! (CBAVD)
V1397E #T to A at 4322 23 Val to Glu at 1397 [Petreska et al. 1994
[E1400V [t T at 4358 23 ; Gl to Val at 1409 Claustre et al. (NL#59)
; ‘~ . ‘ Wallace & Tassabehp l
1Q1412X Cto T at 4366 23 {Gln to Stop at 1412 :
‘ ‘ : (NL#60)
14374+10T->C T to C at 4374+10 3 |splicing? Férec 1998* 5
, B o intron '
14374+1G->A Gto A at 437441 - mRNA splicing defect {Fanen et al. 1992
i intron
4374+1G->T 4G to T at 4374+1 ’ - mRNA splicing defect |{Dork et al. (NL #38)
H
: | intron | Chevalier-Porst &
4375-1G->C G to C at 4375-1 i{splicing mutation
: 23 iiBozon 1999%
‘R1422W ; C to T at 4396 24 Arg to Trp at 1422 * Claustres et al. (NL#?O)
- s i
Sl426P % T to C at 4408 124 Ser to Pro at 1426 Ferec 1999*
?’D1445N . G to A at 4465 24 Asp to Asn at 1445 Antoniadi et al. (NL#69)
R1453W IC to T at 4489 24 ‘* Arg to Trp at 1453 |[Yoshimura 1999% ‘}
7 : deletlon of >—1 2 kbrlincludmg? 7 1 N
CFTRdelelda ;|14a aberrant mRNA splicing;{Egan et al. (NL#68)
i exon 14a ! : :
! delet1on of 5 3kb removmg |
{CFTRdelel9 ; 19 2 Girodon et al. 1999
: .jexon 19 ; §
| ORI | I : i
?2104msA+2109- |insertion of A at 2104, 130 Girodon et al. 1999*% |
. . U | UNIPIE | S LI s
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T Naine ST Nucleotide_change Exon Consequence Reference
[2118del10 '|deletion of 10bp at 2109 }

3 Complex | ! {\Shackleton et al. (NL#
ICE25kbdel ! slintron 3 1|? :
‘ % deletion/rearrangement 70) |

[37] The above disclosure generally describes the present invention. A more complete
understanding can be obtained by reference to the following specific examples which
are provided herein for purposes of illustration only, and are not intended to limit the
scope of the invention.

EXAMPLES

Development of a polypeptide that exerts only an activating effect on CFTR

[38]

The activating peptide of Q4N2NEG2 was created by substituting glutamine residues
for glutamic acid residues at four sites and asparagines for aspartic acid residues at
two sites of the authentic NEG2 peptide sequence GLEISFEINEEDLKECFFDDME
(SEQ ID NO: 7). In addition, a serine residue was substituted for cysteine, to prevent
peptide dimerization, and norleucine was substituted for methionine, to prevent
oxidation. These changes create a peptide with reduced chemical reactivity and high
predicted helical structure, confirmed by circular dichroism, as well as reduced net
negative charge (from -9 to —3). Attempts to eliminate negative charge completely
resulted in an insoluble peptide. When this peptide was added to the cis (intracellular)
side of CFTR channels captured in the planar lipid bilayer, at concentration ranging
0.5 to 14 pM, marked dose-related stimulation of channel activity was observed. At
concentrations of 4-6 uM Po of CFTR doubles. No inhibitory activity was seen in any

experiment at any concentration of peptide.

Q4N2NEG?2 polypeptide stimulates wild-type CFIR protein.

[39]

To test whether the Q4N2NEG?2 polypeptide is responsible for increasing the open

probability of the CFTR channel, synthetic Q4N2NEG2, a 22 amino acid peptide, was

added to the cis-intracellular side of single CFTR channels captured in the planar lipid
37
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bilayer (Figure 1). The diary plot of open probability as a function of time shows the
activity of a single wt-CFTR channel during the course of the experiment (Figure 1A).
During stimulation, the open probability doubles and more transitions are observed
between the open and closed states (Figure 1B). The open probébility observed in 5
experiments at 4 uM concentration Q4N2NEG?2 is shown to be increased by about

two-fold in the graph (Figure 1C).

Q4N2NEG?2 polypeptide stimulates mutant G551D CFIR protein.

[40]

The Q4 N2 NEG?2 peptide sequence has been tested on one mutant form of CFIR,
G551D, which reaches the plasma membrane. In the planar lipid bilayer, Q4N2NEG2
increased the open probability of G551 by about threefold. Thus, this peptide is
useful to stimulate channel activity in mutant forms of CFTR that reach the plasma

membrane.

The NEG2 polypeptide can be rendered inhibitory to CFTR

- [41]

The NEG2 sequence can also be rendered inhibitory, with no stimulatory activity, by
scrambling the sequence such that the resulting peptide is predicted to not have helical
tendencies, as confirmed by circular dichroism measurements, but retains the full net
negative charge of 9. This peptide, called scrambled NEG2, inhibits channel activity
by about 90% at 6 pM concentration, with no stimulation observed at any
concentration. In addition, insertion of a proline residue into the middle of the NEG2
sequence also‘ results in a peptide which inhibits channel activity by about 60%, but

does not stimulate. Proline residues are known to disrupt helical structures.

METHODS USED IN EXAMPLES
Subcloning of CFTR gene »

[42]

The wt CFTR cDNA was subcloned into an Epstein-Barr virus-based episomal
eukaryotic expression vector, pCEP4 (Invitrogen, San Diego, CA), between the Nhel

and Xhol restriction sites.
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Expression of CFTR in HEK 293 cells

[43]

A human embryonic kidney cell line (293-EBNA HEK; Invitrogen) was used for
transfection and expression of the CFTR proteins (Ma et al., 1997, Ma et al., 1996,
Xie et al., 1995). The HEK-293 cell line contains a pCMV-EBNA vector, which
constitutively expresses the Epstein-Barr virus nuclear antigen-1 (EBNA-1) gene
product and increases the transfection efficiency of Epstein-Barr virus-based vectors.
The cells were maintained in Dulbecco’s Modified Eagle Medium with 10% FBS and
1% L-glutamine. Geneticin (G418, 250 (g/ml) was added to the cell culture medium
to maintain selection of the cells containing the pCMV-EBNA vector. Lipofectamine
reagent (Life Technologies, Inc) in Optimem media (serum-free) was used to transfect
the HEK-293 cells with pCEP4(wt). After 5 hours, serum was added to the media
(10% final serum concentration). Twenty-four hours after transfection, the
transfection media was replaced with fresh media. The cells were harvested two days
after transfection and microsomal membrane vesicles were prepared for single

channel measurements in the lipid bilayer reconstitution system.

Vesicle preparation from transfected HEK 293 cells

[44]

HEK-293 cells transfected with pCEP4(CFTR) were harvested and homogenized
using a combination of hypotonic lysis and Dounce homogenization in the presence of
protease inhibitors (Ma et al., 1997, Ma et al., 1996, Xie et al., 1995). Microsomes
were collected by centrifugation of postnuclear supernatant (4500 x g, 15 min) at
100,000 x g for 20 min and resuspended in a buffer containing 250 mM sucrose, 10
mM HEPES, pH 7.2. The membrane vesicles were stored at -75°C until use.

Reconstitution of CFTR channels in lipid bilayer membranes

[45]

Lipid bilayer membranes were formed across an aperture of ~200 (m diameter with a
mixture of phosphatidylethanolamine:phosphatidylserine:cholesterol in a ratio of
5:5:1. The lipids were dissolved in decane at a concentration of 33 mg/ml. The
recording solutions contained: cis (intracellular), 200 mM CsCl, 1 mM MgCl,, 2 mM

ATP, and 10 mM HEPES-Tris (pH 7.4); trans (extracellular), 50 mM CsCl, 10 mM
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HEPES-Tris (pH 7.4). Vesicles (1-4 (I) containing wild-type CFTR were added to the
cis solution. The PKA catalytic subunit was present at a concentration of 50 units/ml
in the cis solution unless noted otherwise. Single channel currents were recorded with
an Axopatch 200A patch clamp unit (Axon Instruments). The currents were sampled
at 1-2.5 ms/point. Single channel data analyses were performed with pClamp and

TIPS softwares.
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CLAIMS:
1. A polypeptide comprising an amino acid sequence of SEQ ID NO: 6, wherein the
polypeptide retains a net negative charge of 1-8.

The polypeptide of claim 1 wherein the polypeptide retains a net negative charge of 2-
The polypeptide of claim 1 wherein the polypeptide retains a net negative charge of 3-

The polypeptide of claim 1 wherein the polypeptide retains a net negative charge of 4-

The polypeptide of claim 1 wherein the polypeptide retains a net negative charge of 6-
The polypeptide of claim 1 wherein the polypeptide retains a net negative charge of 7-

2.
8.
3
8
4
8
5. The polypeptide of claim 1 wherein the polypeptide retains a net negative charge of 5-
8
6
8
7
8
8 The polypeptide of claim 1 wherein amino acid residue sixteen is serine.
9 The polypeptide of claim 1 wherein amino acid residue twenty-one is norleucine.
10.  The polypeptide of claim 1 which comprises the amino acid sequence of SEQ ID NO:
1.
11. A composition comprising the polypeptide of claim 1 and a pharmaceutically
acceptable carrier. .
12.  The polypeptide of claim 1 consisting of the sequence of SEQ ID NO: 1.
13.  The polypeptide of claim 1 wherein the polypeptide is fused to a membrane-
penetrating peptide.
14.  The polypeptide of claim 13 wherein the membrane-penetrating peptide is selected
from the group consisting of: VP-22 (SEQ ID NO: 3), (SEQ ID NO: 4), and (SEQ ID NO: 5).
15. A method of activating a CFTR protein comprising:

administering an effective amount of a polypeptide to a cell comprising
a CFTR protein which forms a cAMP-regulated chloride channel, said polypeptide
comprising the sequence of SEQ ID NO: 6, whereby the CFTR protein is activated.
16 The method of claim 15 wherein the polypeptide comprises the sequence of SEQ ID

NO: 1.
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17.  The method of claim 15 wherein the effective amount of the polypeptide increases
open probability of the channel formed by the CFTR by at least 25%.

18.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 50%.

19.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 75%.

20.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 100%.

21.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 125%.

22.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 150%.

23.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 175%.

24.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 200%.

25.  The method of claim 15 wherein open probability of the channel formed by the CFTR
increases by at least 300%.

26.  The method of claim 15 wherein said polypeptide is administered to achieve a
concentration of 0.5 to 14 uM.

27.  The method of claim 15 wherein said polypeptide is administered to achieve a
concentration of 4-6 UM.

28.  The method of claim 15 wherein the CFTR protein is a mutant which reaches the
cell’s plasma membrane but fails to undergo full activation in the absence of said
polypeptide.

29.  The method of claim 28 wherein the mutant CFTR protein is selected from the group
consisting of -816C->T, -741T->G, -471delAGG, -363C/T, -102T->A, -94G->T, -33G->A,
132C->G, P5L, S10R, S13F, 185+1G->T, 185+4A->T, 186-13C->G, W19C, G27E, R31C,
R31L, 232del18, S42F, D44G, A46D, 279A/G, I50T, S50P, S50Y, 296+3insT, 296+1G->T,
296+1G->C, 296+2T->C, 2964+9A->T, 296+12T->C, 297-28insA, 297-3C->A, 297-3C->T,
297-2A->G, 297-10T->G, 297-12insA, E56K, W57G, W57R, D58N, D58G, E60K, E60L,
N66S, P67L., K68E, K68N, A72T, A72D, R74W, R74Q, R75L, W79R, G85E, G85V, F87L,
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1.88S, Y89C, 1L90S, GYIR, 405+1G->A, 405+3A->C, 405+4A->G, 406-10C->G, 406-6T-
>C, 406-3T->C, 406-2A->G, 406-2A->C, 406-1G->C, 406-1G->A, 406-1G->T, E92K,
A96E, Q98R, P99L, 1105N, S108F, Y109N, Y109C, D110H, D110Y, D110E, P111A,
P111L, delta E115, E116Q, E116K, R117C, R117H, R117P, R117L, A120T, I125T, G126D,
L137R, L137H, L138ins, H139R, P140S, P140L, A141D, H146R, I1148T, I148N, G149R,
M152V, M152R, 591del18, A155P, S158R, Y161N, Y161D, Y1618, K162E, 621G->A,
621+1G->T, 62142T->C, 621+2T->G, 621+3A->G, 622-2A->C, 622-1G->A, L1658,
K166Q, R170C, R170G, R170H, 1175V, 1177T, G178R, Q179K, N186K, N187K, D192N,
delta D192, D192G, E193K, 711+1G->T, 711+3A->C, 711+3A->G, 711+3A->T, 711+5G-
SA, 711+34A->G, 712-1G->T, G194V, A198P, H199Y, H199Q, V201M, P205S, L206W,
L206F, A209S, E217G, Q220R, C225R, 1.227R, V232D, Q237E, G239R, G241R, M243L,
M?244K, R248T, 875+1G->C, 875+1G->A, 876-14del12, 876-10del8, 876-3C->T, R258G,
V920L, M265R, E278del, N287Y, 994del9, 1002-3T->G, E292K, R297W, R297Q, A299T,
Y301C, S307N, A309D, A309G, delta F311, F311L, G314R, G314V, G314E, F316L,
V317A, L320V, L320F, V322A, L327R, R334W, R334L, R334Q, I336K, T338I, E474K,
L346P, R347C, R347H, R347P, R347L, M348K, A349V, R352W, R352Q, Q353H,
Q359K/T360K, Q359R, W361R(T->C), W361R(T->A), S364P, L365P, 1243ins6, 1248+1G-
>A, 1249-29delAT, 1249-27delTA, 1249-5A->G, L375F, E379X, L383S, T360R, V392A,
V392G, M394R, A399V, E403D, 1341G->A, 1341G->A, 1341+1G->A, 1341+18A->C,
1342-11TTT->G, 1342-2A->C, 1342-1G->C, E407V, N418S, G424S, D443Y, 14448,
Q452P, delta 1453, A455E, V456F, G458V, 1524+6insC, 1525-1G->A, S466L., G430S,
G480C, G480D, H484Y, H484R, S485C, C491R, S492F, Q493R, P499A, T501A, I502T,
E504Q, I506L, delta I507, I506S, I506T, delta F508, F508S, D513G, Y517C, V520F, V5201,
1706del16, 1706del17, E527Q, E527G, 1716-1G->A, E528D, 1716+2T->C, 1717-8G->A,
1717-3T->G, 1717-2A->G, 1717-1G->A, 1717-9T->A, D529H, A534E, I539T, G544S,
G544V, S549R(A->C), S549N, S5491, S549R(T->G), G550R, G5518, G551D, Q552K,
R553G, R553Q, R555G, 1556V, L558S, A559T, A559E, R560K, R560T, 1811+1G->C,
1811+1.6kbA->G, 1811+18G->A, 1812-1G->A, R560S, A561E, V562L, V562I, Y563D,
Y563N, Y563C, L568F, Y569D, Y569H, Y569C, L5718, D572N, P574H, G576A, YS577F,
D579Y, D579G, D579A, T5821, T582R, S589N, S5891, 1898+1G->T, 1898+1G->C,
1898+1G->A, 1898+3A->C, 1898+3A->G, 1898+5G->T, 1898+5G->A, 1898+73T->G,
R600G, I601F, VG03F, T6041, 1949del84, H609R, L610S, A613T, D614Y, D614G, 1618T,

16198, H620P, H620Q, G622D, G628R(G->A), G628R(G->C), L633P, L636P, D648V,
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D651N, T665S, E672del, K683R, F693L(CTT), F693L(TTG), K698R, E725K, P750L,
V754M, T760M, R766M, N782K, R792G, A800G, E822K, E826K, 2622+1G->T, 2622+1G-
>A, 2622+2del6, D836Y, R851L, C866Y, L867X, 2751G->A, 2751+2T->A, 2751+3A->G,
2752-26A->G, 2752-1G->T, 2752-1G->C, T8N, 2789+2insA, 2789+3delG, 2789+5G->A,
2790-2A->G, 2790-1G->C, 2790-1G->T, Q890R, D891G, S895T, T896I, N90OT, 2851A/G,
S912L, Y913C, Y917D, Y917C, I1918M, Y919C, V920M, D924N, L.927P, F932S, R933S,
V938G, H939D, H939R, S945L, K946X, H949Y, H949R, M952T, M9521, M961], L9678,
G970R, 3040+2T->C, 3041-1G->A, G970D, L973F, L973P, S977P, S9T7F, D979V, DIT9A,
T980K, D985H, D985Y, 1991V, D993Y, F994C, 3120G->A, 3120+1G->A, 3121-2A->T,
3121-2A->G, 3121-1G->A, L997F, 3131del15, 11005R, A1006E, V1008D, A1009T,
P1013L, Y1014C, P10218S, 3195del6, 3196del54, 3199del6, 11027T, M1028R, M1028]I,
Y1032C, 113667, 3271delGG, 3271+1G->A, 3271+1delGG, 3272-26A->G, 3272-9A->T,
3272-4A->G, 3272-1G->A, G1047D, F1052V, T10531, T10531, H1054D, T1057A, K1060T,
G1061R, L1065F, L1065R, L1065P, R1066S, R1066C, R1066H, R1066L, A1067T,
A1067D, G1069R, R1070W, R1070Q, R1070P, Q1071P, Q1071H, P1072L, F1074L,
L1077P, H1085R, T10861, N1088D, Y1082H, L1093P, L1096R, W1098R, Q1100P,
M1101R, M1101K, S1118F, S1118C, G1123R, 3499+2T->C, 3499+3A->G, 3499+6A->G,
3500-2A->G, E1123del, G1127E, 3523A->G, A1136T, M1137V, M1137R, 11139V, delta
M1140, M1140K, T1142], V11471, N1148K, D1152H, V1153E, D1154G, 3600G->A,
3600+2insT, 3600+5G->A, 3601-20T->C, 3601-17T->C, 3601-2A->G, S1159P, S1159F,
D1168G, K1177R, 3696G/A, V1190P, 3750delAG, 3755delG, M1210I, V1212, L12278,
E1228G, 112307, 11234V, S1235R, G1237S, Q1238R, 3849G->A, 3849+1G->A, 3849+4A-
>G, 3849+10kbC->T, 3849+5G->A, 3850-3T->G, 3850-1G->A, V1240G, G1244V,
G1244E, T12461, G1247R, G1249R, G1249E, S1251N, T1252P, S1255P, S1255L, F1257L,
delta L1260, 3922del10->C, I1269N, D1270N, W1282G, W1282R, W1282C, R1283M,
R1283K, F1286S, Q1291R, Q1291H, 4005+1G->A, 4005+2T->C, 4006-61del14, 4006-
19del3, 4006-14C->G, 4006-8T->A, 4006-4A->G, V12931, T12991, F1300L, N1303H,
N1303L, N1303K, D1305E, Q1313K, V13184, E1321Q, 4096-28G->A, 4096-3C->G,
1.1335P, F1337V, L1339E, G1349S, G1349D, K1351E, Q1352H*, R1358S, A1364V,
D1377H, L1388Q, V1397E, E1409V, Q1412X, 4374+10T->C, 4374+1G->A, 4374+1G->T,
4375-1G->C, R1422W, S1426P, D1445N, R1453W, CFTRdele14a, CFTRdelel9,
2104insA+2109-2118del10, and CF25kbdel as listed in Table 1.
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30.  The method of claim 15 wherein the polypeptide is administered in an aerosol to a
patient with a mutant CFTR protein.
31.  The method of claim 15 wherein the polypeptide is administered in an aerosol to a
patient with insufficient amounts of wild-type CFTR to maintain chloride transport.
32.  The method of claim 30 wherein the aerosolized polypeptide is co-administered with
an expression vector wherein said expression vector encodes wild-type CFTR protein.
33.  The method of claim 31 wherein the aerosolized polypeptide is co-administered with
an expression vector wherein said expression vector encodes wild-type CFTR protein.
34. A method of activating a CFTR protein comprising:

applying an effective amount of a polypeptide to a CFIR protein in a lipid
bilayer wherein the polypeptide comprises the amino acid sequence of SEQ ID NO: 6,
whereby the CFTR protein is activated.
35.  The method of claim 34 wherein the polypeptide comprises the amino acid sequence
of SEQ ID NO: 1.
36.  The method of claim 34 further comprising measuring a change in conductance upon
applying the polypeptide.
37. A method of synthesizing a CFIR activating polypeptide comprising:

sequentially linking units of one or more amino acid residues to form a
polypeptide comprising the amino acid sequence of SEQ ID NO: 6.
38.  The method of claim 37 wherein F-moc synthesis is used.
39.  The method of claim 37 wherein the polypeptide has the sequence of SEQ ID NO: 1.
40. A polypeptide comprising the amino acid sequence as shown in SEQ ID NO:
2.
41.  The polypeptide of claim 40 wherein the polypeptide is fused to a membrane-
penetrating peptide.
42. The polypeptide of claim 41 wherein the membrane-penetrating peptide is
selected from the group consisting of: VP-22 (SEQ ID NO: 3), (SEQ ID NO: 4) and (SEQ
ID NO: 5).
43.  Anucleic acid molecule comprising a nucleotide sequence encoding a polypeptide
according to SEQ ID NO: 2.
44. A method of activating a CFTR protein, comprising:
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administering a nucleic acid comprising a sequence encoding a polypeptide
according to SEQ ID NO: 2 to a cell comprising the CFTR protein, whereby the polypeptide

is expressed and the CFTR protein is activated.

45.  The method of claim 44 wherein the cell is in a patient and the nucleic acid is

administered as an aerosol to the patient’s airways.
46. The method of claim 45 wherein the nucleic acid molecule is co-administered with an

expression vector encoding a wild-type CFIR protein.
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'SEQUENCE LISTING

<110> pavis, Pamela B.

PCT/US02/30094

<120> Q4N2ZNEG2 AN ACTIVATOR OF WILD TYPE AND MUTANT CFTR CHLORIDE CHANNEL
ACTIVITY

<130>

<140>

<141>.

<160>

<170>

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
~<223>

<220>
<221>
<222>
<223>

03037.000011

NOT YET ASSIGNED
2001-07-17

PatentIn version 3.0

1
22
PRT

homo sapiens

MOD_RES
..M
ACETYLATION

MOD_RES
QL..2D
Nle

MOD_RES
(22)..Q22)
AMIDATION
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<400> 1

Gly Leu Glu Ile Ser Glu GIn ITe Asn GIn GIn Asn Leu Lys Gln Ser
1 5 10 15

Phe Phe Asn Asp Leu Glu
20

<210> 2
<211> 22
<212> PRT

<213> homo sapiens

<400> 2
Gly Leu Glu ITe ger Glu GIn Ile Asn §1n GIn Asn Leu Lys ggn Ser
1

Phe Phe Asn égp Met Glu

<210> 3
<211> 301
<212> PRT

<213> homo sapiens

<400> 3
Met Thr Ser Arg Arg Ser val Lys Ser Gly Pro Arg Glu val Pro Arg
5
Asp Glu Tyr Glu Asp Leu Tyr Tyr Thr Pro Ser Ser Gly Met Ala Ser
20 25 30

Pro Asp Ser Pro Pro Asp Thr Ser Arg Arg Gly Ala Leu Gln Thr Arg
35 40 45

Ser Arg GIn Arg Gly Glu val Arg Phe val Gln Tyr Asp Glu Ser Asp
50 55 60

Tyr Ala Leu Tyr Gly Gly Ser Ser Ser Glu Asp Asp Glu His Pro Glu
65 70 75 80

val pro Arg Thr ggg Arg Pro val Ser ggy Ala val Leu Ser Gly Pro
95

Gly Pro Ala Arg Ala Pro Pro Pro Pro Ala Gly Ser Gly Gly Ala Gly
100 105 110

Arg Thr Pro Thr Thr Ala Pro Arg Ala Pro Arg Thr Gln Arg val Ala
115 120 125

Thr Lys Ala Pro Ala Ala Pro Ala Ala Glu Thr Thr Arg Gly Arg Lys
130 135 140

Ser Ala Gln Pro Glu Ser Ala Ala Leu Pro Asp Ala Pro Ala Ser Thr
145 150 155 160
Page 2
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His

val

Ala

Arg

225

Ile

Glu

Thr

Pro
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Pro
Phe
Ala
Ala
210
Pro
Arg
Leu

Arg

Ala
290

<210>
<211>
<212>
<213>

<400>
Gly Trp Thr
1

Thr
ser
Gly
195
Met
Arg
val
val
Gly

275
Arg

27
PRT

homo

4

Lys Ala Leu

<210>
<211>
<212>
<213>

<400>

16
PRT

homo

5

Arg Gln Ile

1

<210>
<211>
<212>
<213>

22
PRT

homo

Arg
Thr
180
Phe
His
Thr
Thr
Asn
260

Arg

Ser

Ser
165
Ala
Asn
Ala
Asp
val
245
Pro

Ser

Ala

sapiens

Leu

Ala
20

Asn
5

Ala

sapiens

Lys

Ile
5

sapiens

Lys

Pro

Lys

Arg

Glu

230

cys

Asp

Ala

Ser

Thr
Pro
Arg
Met
215
Asp
Glu
val

Ala

Arg
295

Pro
Asn
val
200
Ala
Leu
Gly
val
ser

280

Pro

Ala
Pro
185
Phe
Ala
Asn
Lys
Gln
265

Arg

Arg

GIn Gly
170

Asp Ala
Cys Ala
val Gln
Glu Leu

235
Asn Leu
250
Asp val

Pro Thr

Arg Pro

Leu
Pro
Ala
Leu
220
Leu
Leu
Asp

Glu

val
300

Ala
Trp
val
205
Trp
Gly
Gln
Ala
Ar

285
Glu

Arg
Thr
190
Gly
Asp
Ile

Arg

Ala
270

g Pro

Lys
175
Pro
Arg
Met
Thr
Ala
255

Thr

Arg
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Leu
Arg
Leu
Ser
Thr
240
Ash

Ala

Ala

Ser Ala Gly Tyr Leu Leu Gly Lys Ile Asn Leu
10

Leu Ala Lys Egs Ile Leu

15

Trp Phe GIn Asn Arg Arg Met Lys Trp Lys Lys
10 15
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<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

CDS
O..1D

Xaa=Glu or

CDS
(12)..(2)

Xaa=Asp or

CDS
(15)..(15

Xaa=Glu or

CDS
(16)..(16)

Xaa=Cys or

CDS
(19)..020)
Xaa=Asp or
DS
D..2D

Xaa=Met or

CcDS
22)..022)
Xaa=Glu or

Gln

Asn

ser

Asn

Nor

Gln
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<220>

<221> MOD_RES
<222> (D..(D
<223> ACETYLATION

<220>

<221> MOD_RES
<222> (22)..(Q22)
<223> AMIDATION

<400> 6

Gly Leu Xaa Ile Ser Xaa Xaa Ile Asn Xaa Xaa Xaa Leu Lys Xaa Xaa
1 5 10 15

Phe Phe Xaa Xaa Xaa Xaa
20

<210> 7
<211> 22
<212> PRT

<213> homo sapiens

<400> 7
Gly Leu Glu Ile Ser Glu Glu Ile Ash Glu Glu Asp Leu Lys Glu Cys
1 5 10 15

Phe Phe Asp égp Met Glu
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