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(57) ABSTRACT 

Polymorphic A-kinase anchor proteins (AKAPs) and nucleic 
acids encoding the proteins are provided herein. Methods of 
detecting polymorphic AKAPs and nucleic acids encoding 
the AKAPs, and kits for use in the detection methods are also 
provided. Further provided herein are methods of identify 
ing subjects having or at risk of developing disorders of 
signal transduction. Methods of determining susceptibility 
to morbidity and/or increased or early mortality are also 
provided. 
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POLYMORPHIC KINASE ANCHOR PROTEINS 
AND NUCLEIC ACIDS ENCODING THE SAME 

RELATED APPLICATIONS 

[0001] This is a divisional application of US. Ser. No. 
09/834,700, ?led Apr. 12, 2001, Which relies for priority 
under 35 U.S.C. § 119(e) and 35 U.S.C. § 120, upon US. 
Provisional Application Ser. No. 60/217,251 ?led Jul. 10, 
2000 and 60/240,335 ?led Oct. 13, 2000. The entire disclo 
sure of the above-identi?ed prior applications are considered 
as being part of the disclosure of the accompanying con 
tinuing application and are hereby incorporated in their 
entirety by reference. 

[0002] This application is related to co-pending U.S. Ser. 
No. 09/687,483 and International PCT Application No. 
PCT/US00/28413, each to Andreas Braun, Hubert Koster 
and Dirk van den Boom, each entitled “METHOD FOR 
GENERATING DATABASES AND DATABASES FOR 
IDENTIFYING POLYMORPHIC GENETIC MARKERS”, 
and each ?led Oct. 13, 2000. This application is also related 
to US. Provisional 60/159,176 to Andreas Braun, Hubert 
Coaster; Dirk Van den Boom, ?led Oct. 13, 1999, entitled 
“METHODS FOR GENERATING DATABASES AND 
DATABASES FOR IDENTIFYING POLYMORPHIC 
GENETIC MARKERS.” 

[0003] The subject matter of each of the above-referenced 
US. provisional applications, U.S. applications and PCT 
applications are incorporated herein in their entirety. 

FIELD OF THE INVENTION 

[0004] Polymorphic A-kinase anchor proteins (AKAPs) 
and nucleic acids encoding the proteins are provided herein. 
Methods of detecting polymorphic AKAPs and nucleic acids 
encoding the AKAPs, and kits for use in the detection 
methods are also provided. Further provided herein are 
methods of identifying subjects having or at a risk of 
developing disorders of cellular protein phosphorylation 
and/or signal transduction. Methods of determining suscep 
tibility to morbidity and/or increased or early mortality are 
also provided. 

BACKGROUND OF THE INVENTION 

[0005] Protein phosphorylation is an important mecha 
nism for enZyme regulation and the transduction of extra 
cellular signals across the cell membrane in eukaryotic cells. 
A Wide variety of cellular substrates, including enZymes, 
membrane receptors, ion channels and transcription factors, 
can be phosphorylated in response to extracellular signals 
that interact With cells. Akey enZyme in the phosphorylation 
of cellular proteins in response to hormones and neurotrans 
mitters is cyclic AMP (cAMP)-dependent protein kinase 
(PKA). Upon activation by cAMP, PKA thus mediates a 
variety of cellular responses to such extracellular signals. 

[0006] An array of PKA isoZymes are expressed in mam 
malian cells. The PKAs usually exist as inactive tetrameres 
containing a regulatory (R) subunit dimer and tWo catalytic 
(C) subunits. Genes encoding three C subunits (Cot, CB and 
Cy) and four R subunits (RIot, RIB, RIIO. and RIIB) have 
been identi?ed (see Takio et al. (1982) Proc. Natl. Acad. Sci. 
USA. 79:2544-2548; Lee et al. (1983) Proc. Natl. Acad. 
Sci. USA. 80:3608-3612; Jahnsen et al. (1996) J. Biol. 
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Chem. 261:12352-12361; Clegg et al. (1988) Proc. Natl. 
Acad. Sci. USA. 85:3703-3707; and Scott (1991) Pharma 
col. T her. 50:123-145). The type I (RI) 0t and type II (RII) 
0t subunits are distributed ubiquitously, Whereas RIB and 
RIIB are present mainly in brain (see. e.g., Miki and Eddy 
(1999) J. Biol. Chem. 274:29057-29062). The type I PKA 
holoenZyme (RIO. and RIB) is predominantly cytoplasmic, 
Whereas the majority of type II PKA (RIIO. and RIIB) 
associates With cellular structures and organelles (Scott 
(1991) Pharmacol. Ther 50:123-145). Many hormones and 
other signals act through receptors to generate cAMP Which 
binds to the R subunits of PKA and releases and activates the 
C subunits to phosphorylate proteins. 

[0007] Because protein kinases and their substrates are 
Widely distributed throughout cells, there are mechanisms in 
place in cells to localiZe protein kinase-mediated responses 
to different signals. One such mechanism involves subcel 
lular targeting of PKAs through association With anchoring 
proteins, referred to as A-kinase anchoring proteins 
(AKAPs), that place PKAs in close proximity to speci?c 
organelles or cytoskeletal components and particular sub 
strates thereby providing for more speci?c PKA interactions 
and localiZed responses (see, e.g., Scott et al. (1990) J. Biol. 
Chem. 265:21561-21566; Bregman et al. (1991) J. Biol. 
Chem. 266:7207-7213; and Miki and Eddy (1999) J. Biol. 
Chem. 274:29057-29062). Anchoring not only places the 
kinase close to preferred substrates, but also positions the 
PKA holoenZyme at sites Where it can optimally respond to 
?uctuations in the second messenger cAMP (Mochly-Rosen 
(1995) Science 268:247-251; Faux and Scott (1996) Trends 
Biochem. Sci. 21:312-315; Hubbard and Cohen (1993) 
Trends Biochem. Sci. 18:172-177). 

[0008] Up to 75% of type II PKA is localiZed to various 
intracellular sites through association of the regulatory sub 
unit (RII) With AKAPs (see, e.g., Hausken et al. (1996) J. 
Biol. Chem. 271:29016-29022). RII subunits of PKAbind to 
AKAPs With nanomolar af?nity (Carr et al. (1992) J. Biol. 
Chem. 267:13376-13382), and many AKAP-RII complexes 
have been isolated from cell extracts. RI subunits of PKA 
bind to AKAPs With only micromolar af?nity (Burton et al. 
(1997) Proc. Natl. Acad. Sci. USA. 94:11067-11072). Evi 
dence of binding of a PKA RI subunit to an AKAP has been 
reported (Miki and Eddy (1998) J. Biol. Chem 273:34384 
34390) in Which RIot-speci?c and RIot/RIIot dual speci?city 
PKA anchoring domains Were identi?ed on FSC1/AKAP82. 
Additional dual speci?c AKAPs, referred to as D-AKAP1 
and D-AKAP2, Which interact With the type I and type II 
regulatory subunits of PKA have also been reported (Huang 
et a. (1997) J. Biol. Chem. 272:8057-8064; Huang et at. 
(1997) Proc. Natl. Acad. Sci. USA. 94:11184-11189). 

[0009] More than 20 AKAPs have been reported in dif 
ferent tissues and species. Complementary DNAs (cDNAs) 
encoding AKAPs have been isolated from diverse species, 
ranging from Caenorhabditis elegans and Drosophilia to 
human (see, e.g., Colledge and Scott (1999) Trends Cell 
Biol. 9:216-221). Regions Within AKAPs that mediate asso 
ciation with R11 subunits of PKA have been identi?ed. These 
regions of approximately 10-18 amino acid residues vary 
substantially in primary sequence, but secondary structure 
predictions indicate that they are likely to form an amphi 
pathic helix With hydrophobic residues aligned along one 
face of the helix and charged residues along the other (Carr 
et al. (1991) J. Biol. Chem. 266:14188-14192; Carr et al. 
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(1992) J. Biol. Chem. 267:13376-13382). Hydrophobic 
amino acids With a long aliphatic side chain, e.g., valine, 
leucine or isoleucine, may participate in binding to RII 
subunits (GlantZ et al. (1993) J. Biol. Chem. 268:12796 
12804). 
[0010] Many AKAPs also have the ability to bind to 
multiple proteins, including other signalling enZymes. For 
example, AKAP79 binds to PKA, protein kinase C (PKC) 
and the protein phosphatase calcineurin (PP2B) (Coghlan et 
al. (1995) Science 267:108-112 and Klauck et al. (1996) 
Science 271:1589-1592). Therefore, the targeting of 
AKAP79 to neuronal postsynaptic membranes brings 
together enZymes With opposite catalytic activities in a 
single complex. 
[0011] AKAPs thus serve as potential regulatory mecha 
nisms that increase the selectivity and intensity of a cAMP 
mediated response. There is a need, therefore, to identify and 
elucidate the structural and functional properties of AKAPs 
in order to gain a complete understanding of the important 
role these proteins play in the basic functioning of cells. 

SUMMARY OF THE INVENTION 

[0012] Previously unidenti?ed alleles of the human 
AKAP10 gene are provided. In one allele, designated 
AKAP10-5 contains a previously undisclosed single nucle 
otide polymorphism (SNP), an A-to-G transition, at nucle 
otide position 2073 of the AKAP10 gene coding sequence. 
This SNP is located in the C-terminal PKA binding domain, 
and results in an Ile-to-Val substitution at the protein level 
for the AKAP10 gene protein product. In another allele, 
designated AKAP10-6 contains a previously undisclosed 
single nucleotide polymorphism (SNP), an C-to-G transver 
sion, at nucleotide position 83587 of the human chromo 
some 17 sequence (SEQ ID NO: 17). The AKAP10 gene is 
located at approximately nucleotide position 83,580 to 
nucleotide position 156,577 of the chromosome 17 
sequence. This SNP is located in the 5‘ untranslated region 
and 132 nucleotides upstream of the translation start site. In 
a further allele, designated AKAP10-7 contains a previously 
undisclosed single nucleotide polymorphism (SNP), a 
G-to-A transition, at nucleotide position 129,600 of the 
human chromosome 17 sequence. This SNP is located four 
bases 3‘ to the exon 10/intron 10 boundary of AKAP10 
mRNA. UtiliZing a healthy patient database, the frequency 
of occurrence of tWo allelic variants of the AKAP10 gene, 
AKAP10-5 and AKAP10-1, in such a population Were found 
to decrease With age. AKAP10-1 is an allelic variant With a 
T to C transversion at nucleotide position 156,277 of the 
AKAP10 genomic clone Which is located in the 3‘ untrans 
lated region of the gene. The AKAP10-5 and AKAP10-1 
alleles are useful markers for predicting susceptibility to 
morbidity and/or increased or early mortality. Methods are 
provided for predicting susceptibility to morbidity, increased 
or early mortality, or morbidity and increased mortality, by 
detecting the presence of the AKAP10 allelic variants, 
individually, or in combination With other AKAP10 allelic 
variants, in an organism, particularly an animal and particu 
larly a human. Methods are also provided for indicating or 
predicting an alteration in signal transduction in an organ 
ism. Furthermore, AKAP10-5 and other allelic variants of 
the AKAP10 gene are potential functional variants of a 
morbidity susceptibility gene and/or of a gene involved in 
increased mortality and/or a gene related to an alteration in 
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signal transduction and associated disorders and thus may 
also be useful for screening for potential therapeutics. 

AKAP10-5 Nucleic Acids and Proteins 

[0013] The nucleotide sequence of the coding sequence of 
the predominant allele (i.e., the allele present in the greatest 
frequency for a given population) of the AKAP-10 gene is 
presented in SEQ ID NO: 1 and the encoded protein 
sequence in SEQ ID NO: 2. The nucleotide sequence of the 
coding sequence of the allelic variant AKAP10-5 is pre 
sented as SEQ ID NO: 3 and the corresponding protein 
sequence as SEQ ID NO: 4. 

[0014] Also provided is an isolated nucleic acid molecule 
comprising a sequence of nucleotides that encodes the 
polypeptide as set forth in SEQ ID NO: 2, except that the Ile 
residue at position 646 of SEQ ID NO: 2 is replaced With 
Val, Leu or Phe. 

[0015] Further provided is an isolated nucleic acid mol 
ecule comprising a sequence of nucleotides that encodes the 
polypeptide as set forth in SEQ ID NO: 2, except that the Ile 
residue at position 646 of SEQ ID NO: 2 is replaced With 
Val. 

[0016] Also provided is an isolated nucleic acid molecule 
comprising the sequence of nucleotides set forth as position 
138 to position 2126 of SEQ ID NO: 1, except that the 
nucleotide at position 2073 of SEQ ID NO: 1 is replaced 
With a nucleotide selected from the group consisting of G, T 
and C. 

[0017] Further provided is an isolated nucleic acid mol 
ecule comprising the sequence of nucleotides set forth as 
position 138 to position 2126 of SEQ ID NO: 1, except that 
the nucleotide at position 2073 of SEQ ID NO: 1 is replaced 
With a G nucleotide. 

[0018] Further provided is an isolated nucleic acid mol 
ecule, comprising a sequence of nucleotides that encodes the 
polypeptide of SEQ ID NO: 4. 

[0019] Also provided is an isolated nucleic acid molecule 
comprising nucleotides from position 138 to position 2126 
of SEQ ID NO: 3. 

[0020] Further provided is an isolated nucleic acid mol 
ecule, comprising at least 14 or 16 contiguous nucleotides of 
SEQ ID NO: 3; Wherein the contiguous nucleotides include 
a sequence of 5 contiguous nucleotides as set forth from 
position 2069 to position 2077 of SEQ ID NO: 3. 

[0021] Also provided is an isolated nucleic acid molecule, 
comprising at least 30 contiguous nucleotides of SEQ ID 
NO 3; Wherein the contiguous nucleotides include a 
sequence of 5 contiguous nucleotides as set forth from 
position 2069 to position 2077 of SEQ ID NO: 3. 

[0022] Also provided is an isolated nucleic acid molecule, 
comprising at least 50 contiguous nucleotides of SEQ ID 
NO 3; Wherein the contiguous nucleotides include a 
sequence of 5 contiguous nucleotides as set forth from 
position 2069 to position 2077 of SEQ ID NO: 3. 

[0023] Further provided is a polypeptide comprising the 
sequence of amino acid residues as set forth in SEQ ID NO 
2, except that the Ile residue at position 646 of SEQ ID NO 
2 is replaced With Val, Leu or Phe. 
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[0024] Also provided is a polypeptide comprising the 
sequence of amino acid residues as set forth in SEQ ID NO 
4. 

[0025] Further provided is a portion of the polypeptide 
encoded by the nucleic acid molecule comprising a sequence 
of nucleotides that encodes the polypeptide as set forth in 
SEQ ID NO: 2, eXcept that the He residue at position 646 of 
SEQ ID NO: 2 is replaced With Val, Leu or Phe and further 
comprising at least 5 or 6 amino acid residues and including 
the replaced residue at position 646 of SEQ ID NO: 2. 

[0026] Also provided is the polypeptide as described 
above, Wherein the residue at position 646 of SEQ ID NO: 
2 is Val. 

[0027] Further provided are primers, probes or antisense 
nucleic acid molecules that speci?cally hybridiZe adjacent to 
or at a polymorphic region spanning a position correspond 
ing to position 2073 of SEQ ID NO 1 or 3 of an AKAP10 
allele or the complement thereof. 

[0028] Also provided are such primers, probes or anti 
sense nucleic acid molecules as described above that hybrid 
iZe under moderate or high conditions. 

[0029] Further provided is a primer that speci?cally 
hybridiZes at a position immediately adjacent to a position 
corresponding to position 2073 of SEQ ID NO: 1 or 3 of an 
AKAP10 allele. 

[0030] Also provided is a primer that is extended by a 
nucleotide that speci?cally base pairs With the nucleotide at 
a position corresponding to position 2073 of SEQ ID NO: 3 
of an AKAP10 allele. 

[0031] Further provided are such primers, probes or anti 
sense nucleic acid molecules as described above, that are 
single-stranded and comprise at least 14 or 16 contiguous 
nucleotides of the AKAP10 allele or complement thereof, 
Wherein the sequence of nucleotides includes at least 5 
contiguous nucleotides from position 2069 to position 2077 
of SEQ.ID NO: 3. These primers, probes or antisense 
nucleic acid molecules can also comprise at least 20 or 30 
contiguous nucleotides of SEQ ID NO: 3, or the complement 
thereof. 

[0032] Further provided are such primers, probes or anti 
sense nucleic acid molecules as described above, that are 
single-stranded and comprise at least 14 or 16 contiguous 
nucleotides of the AKAP10 allele or complement thereof, 
Wherein the nucleic acid molecule includes at least 5 con 
tiguous nucleotides from position 2069 to position 2077 of 
SEQ ID NO: 1, eXcept that the nucleotide at position 2073 
of SEQ ID NO: 1 is replaced With a nucleotide selected from 
the group consisting of G, T and C. 

[0033] Further provided are nucleic acid vectors compris 
ing nucleic acid molecules as described above, including a 
nucleic acid molecule comprising a sequence of nucleotides 
that encodes the polypeptide as set forth in SEQ ID NO: 2, 
eXcept that the He residue at position 646 of SEQ ID NO: 2 
is replaced With Val, Leu or Phe. 

[0034] Also provided is a primer consisting essentially of 
the nucleic acid of SEQ ID NO: 15. 

[0035] Also provided are cells containing the nucleic acid 
vectors described above. 
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AKAP10-6 Nucleic Acids 

[0036] The nucleotide sequence of chromosome 17 con 
taining the genomic sequence of the predominant allele (i.e., 
the allele present in the greatest frequency for a given 
population) of the AKAP-10 gene is presented as SEQ ID 
NO: 17. The nucleotide sequence of chromosome 17 con 
taining the genomic sequence of the allelic variant 
AKAP10-6 is presented as SEQ ID NO: 13. 

[0037] Provided herein is an isolated nucleic acid mol 
ecule comprising the sequence of nucleotides set forth as 
nucleotides of position 83,580 to position 156,577 of SEQ 
ID NO: 17, eXcept that the nucleotide at position 83587 of 
SEQ ID NO: 17 is replaced With a nucleotide selected from 
the group consisting of G, A and T. 

[0038] Further provided is an isolated nucleic acid mol 
ecule comprising the sequence of nucleotides set forth as 
nucleotides of position 83,580 to position 156,577 of SEQ 
ID NO: 17, eXcept that the nucleotide at position 83587 of 
SEQ ID NO: 17 is replaced With the nucleotide C. 

[0039] Also provided is an isolated nucleic acid molecule 
comprising the sequence of nucleotides set forth as nucle 
otides of position 83,580 to position 156,577 of SEQ ID NO: 
13. 

[0040] Further provided is an isolated nucleic acid mol 
ecule, comprising at least 14 or 16 contiguous nucleotides of 
SEQ ID NO: 13; Wherein the contiguous nucleotides include 
a sequence of 5 contiguous nucleotides from position 83583 
to position 83591 of SEQ ID NO: 13. 

[0041] Also provided is an isolated nucleic acid molecule, 
comprising at least 30 contiguous nucleotides of SEQ ID 
NO: 13; Wherein the contiguous nucleotides include a 
sequence of 5 contiguous nucleotides from position 83583 to 
position 83591 of SEQ ID NO: 13. 

[0042] Also provided is an isolated nucleic acid molecule, 
comprising at least 50 contiguous nucleotides of SEQ ID 
NO: 13; Wherein the contiguous nucleotides include a 
sequence of 5 contiguous nucleotides from position 83583 to 
position 83591 of SEQ ID NO: 13. 

[0043] Further provided are primers, probes or antisense 
nucleic acid molecules that speci?cally hybridiZe adjacent to 
or at a polymorphic region spanning a position correspond 
ing to position 83587 of SEQ ID NO: 13 or 17 of an 
AKAP10 allele or the complement thereof. 

[0044] Also provided are such primers, probes or anti 
sense nucleic acid molecules as described above that hybrid 
iZe under moderate or high conditions. 

[0045] Further provided are primers that speci?cally 
hybridiZes at a position immediately adjacent to a position 
corresponding to position 83587 of SEQ ID NO: 13 or 17 of 
an AKAP10 allele. 

[0046] Also provided are primers that are eXtended by a 
nucleotide that speci?cally base pairs With the nucleotide at 
a position corresponding to position 83587 of SEQ ID NO: 
13 of an AKAP10 allele. 

[0047] Further provided are such primers, probes or anti 
sense nucleic acid molecules as described above, that are 
single-stranded and comprise at least 14 or 16 contiguous 
nucleotides of the AKAP10 allele or complement thereof, 
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wherein the nucleic acid molecule includes at least 5 con 
tiguous nucleotides from position 83583 to position 83591 
of SEQ ID NO: 13. The primers, probes or antisense nucleic 
acid molecules can also comprise at least 20 or 30 contigu 
ous nucleotides of SEQ ID NO: 13, or the complement 
thereof. 

[0048] Further provided are such primers, probes or anti 
sense nucleic acid molecules as described above, that are 
single-stranded and comprise at least 14 or 16 contiguous 
nucleotides of the AKAP10 allele or complement thereof, 
Wherein the nucleic acid molecules include at least 5 con 
tiguous nucleotides from position 83583 to position 83591 
of SEQ ID NO: 17, eXcept that the nucleotide at position 
83587 of SEQ ID NO 17 is replaced With a nucleotide 
selected from the group consisting of G, A and T. 

[0049] Also provided is a primer consisting essentially of 
the nucleic acid of SEQ ID NO: 19. 

[0050] Further provided are nucleic acid vectors compris 
ing nucleic acid molecules as described above and cells 
containing these vectors. 

AKAP10-7 Nucleic Acids 

[0051] The nucleotide sequence of chromosome 17 con 
taining the genomic sequence of the predominant allele (i.e., 
the allele present in the greatest frequency for a given 
population) of the AKAP-10 gene is presented as SEQ ID 
NO: 17. The nucleotide sequence of chromosome 17 con 
taining the genomic sequence of the allelic variant 
AKAP10-7 is presented as SEQ ID NO: 14. 

[0052] Provided herein is an isolated nucleic acid mol 
ecule comprising the sequence of nucleotides set forth as 
nucleotides of position 83,580 to position 156,577 of SEQ 
ID NO: 17, eXcept that the nucleotide at position 129600 of 
SEQ ID NO: 17 is replaced With a nucleotide selected from 
the group consisting of A, C and T. 

[0053] Further provided is an isolated nucleic acid mol 
ecule comprising the sequence of nucleotides set forth as 
nucleotides of position 83,580 to position 156,577 of SEQ 
ID NO: 17, eXcept that the nucleotide at position 129600 of 
SEQ ID NO: 17 is replaced With the nucleotide A. Also 
provided is an isolated nucleic acid molecule comprising the 
sequence of nucleotides set forth as nucleotides of position 
83,580 to position 156,577 of SEQ ID NO: 14. 

[0054] Further provided is an isolated nucleic acid mol 
ecule, comprising at least 14 or 16 contiguous nucleotides of 
SEQ. ID. NO 14; Wherein the contiguous nucleotides 
include a sequence of 5 contiguous nucleotides from posi 
tion 129556 to position 129604 of SEQ. ID. NO: 14. 

[0055] Also provided is an isolated nucleic acid molecule, 
comprising at least 30 contiguous nucleotides of SEQ. ID. 
NO 14; Wherein the contiguous nucleotides include a 
sequence of 5 contiguous nucleotides from position 129556 
to position 29604 of SEQ. ID. NO: 14. 

[0056] Also provided is an isolated nucleic acid molecule, 
comprising at least 50 contiguous nucleotides of SEQ. ID. 
NO 14; Wherein the contiguous nucleotides include a 
sequence of 5 contiguous nucleotides from position 129556 
to position 129604 of SEQ. ID. NO: 14. 

[0057] Further provided are primers, probes or antisense 
nucleic acid molecules that speci?cally hybridiZe adjacent to 
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or at a polymorphic region spanning a position correspond 
ing to position 129,600 of SEQ ID NO 14 or 17 of an 
AKAP10 allele or the complement thereof. 

[0058] Further provided are primers that speci?cally 
hybridiZes at a position immediately adjacent to a position 
corresponding to position 129600 of SEQ ID NO: 14 or 17 
of an AKAP10 allele. 

[0059] Also provided are primers that are eXtended by a 
nucleotide that speci?cally base pairs With the nucleotide at 
a position corresponding to position 129600 of SEQ ID NO: 
14 of an AKAP10 allele. 

[0060] Also provided are such primers, probes or anti 
sense nucleic acid molecules as described above that hybrid 
iZe under moderate or high conditions. 

[0061] Further provided are such primers, probes or anti 
sense nucleic acid molecules as described above, that are 
single-stranded and comprise at least 14 or 16 contiguous 
nucleotides of the AKAP10 allele or complement thereof, 
Wherein the nucleic acid molecule includes at least 5 con 
tiguous nucleotides from nucleotide position 129556 to 
position 129604 of SEQ. ID. NO: 14. The primers, probes or 
antisense nucleic acid molecules can also comprise at least 
20 or 30 contiguous nucleotides of SEQ ID NO: 14, or the 
complement thereof. 

[0062] Further provided are such primers, probes or anti 
sense nucleic acid molecules as described above, that are 
single-stranded and comprise at least 14 or 16 contiguous 
nucleotides of the AKAP10 allele or complement thereof, 
Wherein the nucleic acid molecule includes at least 5 con 
tiguous nucleotides from nucleotide position 129556 to 
position 129604 of SEQ. ID. NO: 17, eXcept that the 
nucleotide at position 129600 of SEQ ID NO: 17 is replaced 
With a nucleotide selected from the group consisting of A, C 
and T. 

[0063] Also provided is a primer consisting essentially of 
the nucleic acid of SEQ ID NO: 20. 

[0064] Further provided are nucleic acid vectors compris 
ing nucleic acid molecules as described above and cells 
containing these vectors. 

Methods for Detection of AKAP10 Allelic Variants 

[0065] Also provided are methods for determining the 
presence or absence of an allelic variant of a human 
AKAP10 gene, comprising determining the identity of the 
nucleotide at a position corresponding to position 2073 (of 
SEQ ID NO: 1) of the coding sequence of a human AKAP10 
gene or the complement thereof, Wherein the variant has a 
nucleotide other than A at a position corresponding to 
position 2073 (of SEQ ID NO 1). 

[0066] Further provided is a method comprising hybrid 
iZing a target nucleic acid comprising a human AKAP10 
encoding nucleic acid or fragment thereof or a complement 
of a human AKAP10-encoding nucleic acid or fragment 
thereof With a nucleic acid primer that hybridiZes adjacent to 
a position corresponding to position 2073 (of SEQ ID NO: 
1) of the coding sequence of the human AKAP10 gene or the 
complement thereof; extending the nucleic acid primer using 
the target nucleic acid as a template; and determining the 
mass of the eXtended primer to identify the nucleotide 
present at a position corresponding to position 2073 or the 
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complement thereof, thereby determining the presence or 
absence of the allelic variant. The mass of the extended 
primer can be determined by mass spectrometry. 

[0067] Further provided is a method that includes the steps 
of hybridizing a target nucleic acid comprising a human 
AKAPlO-encoding nucleic acid or fragment thereof With a 
nucleic acid primer that hybridiZes adjacent to a position 
corresponding to position 2073 (of SEQ ID NO: 1) of the 
coding sequence of the human AKAPlO gene or the comple 
ment thereof; extending the nucleic acid primer using the 
target nucleic acid as a template in the presence of at least 
one dideoxynucleotide; and determining the mass of the 
extended primer to identify the nucleotide present at a 
position corresponding to position 2073 or the complement 
thereof, thereby determining the presence or absence of an 
allelic variant. The dideoxynucleotide can be, but are not 
limited to, ddT or ddA. The primer can also be extended in 
the presence at least tWo dideoxynucleotides Which are ddT 
and ddC or ddA and ddG. The mass of the extended primer 
can be determined by mass spectrometry. Also provided are 
the above described methods Wherein hybridiZation is 
effected under conditions of high stringency. 

[0068] Further provided is a method for detecting the 
presence or absence of an allelic variant of a human 
AKAPlO gene, comprising determining the identity of the 
nucleotide at a position corresponding to position 2073 (of 
SEQ ID NO: 1) of the coding sequence of a human AKAPlO 
gene or the complement thereof, Wherein a variant has a 
nucleotide other than A at a position corresponding to 
position 2073 comprising hybridiZing a target nucleic acid 
comprising a human AKAPlO-encoding nucleic acid, 
complement thereof or fragment thereof With a single 
stranded nucleic acid probe at a position corresponding to 
position 2073 of the coding sequence of the human AKAPlO 
gene or complement thereof; and detecting hybridiZed probe 
to identify the nucleotide present at a position corresponding 
to position 2073 or the complement thereof, thereby deter 
mining the presence or absence of an allelic variant. 

[0069] Further provided is a method as described above 
Wherein hybridiZation is effected under conditions of high 
stringency. 

[0070] Also provided is a method as described above, 
Wherein the nucleotide of the probe that hybridiZes With the 
nucleotide at a position corresponding to position 2073 is 
complementary to a G, T, or C nucleotide or the nucleotide 
of the probe that hybridiZes With the nucleotide at the 
complement of a position corresponding to position 2073 is 
complementary to a G, A, or C nucleotide. Also provided are 
methods Were the nucleotide detected at a position corre 
sponding to position 2073 is a G and Were the nucleotide 
detected at the complement of a position corresponding to 
position 2073 is a C. 

[0071] Further provided are methods as described above to 
determine the presence or absence of other allelic variants of 
the human AKAPlO gene at polymorphic regions corre 
sponding to position 83587 (a nucleotide other than C), 
corresponding to position 129600 (a nucleotide other than 
G) and corresponding to position 156,277 (a nucleotide 
other than T) of SEQ ID NO: 17. 
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Methods for Determining Susceptibility to Morbidity and/or 
Increased or Early Mortality 

[0072] Also provided are methods for determining sus 
ceptibility to morbidity, increased or early mortality, or 
morbidity and increased or early mortality of a subject. 
These methods include the steps of detecting the presence or 
absence of at least one allelic variant of a polymorphic 
region of an AKAPlO gene that is associated With suscep 
tibility to morbidity, increased or early mortality, or mor 
bidity and increased or early mortality; Wherein the pre 
dominant allele comprises an A at a position corresponding 
to position 2073 of SEQ ID NO: 1, and the presence of the 
allelic variant is indicative of increased susceptibility to 
morbidity, increased or early mortality, or morbidity and 
increased or early mortality as compared to the susceptibility 
of a subject Who does not comprise the allelic variant. The 
polymorphic region of the AKAPlO gene can comprise a 
nucleotide other than an A at a position corresponding to 
position 2073 of the coding sequence of the AKAPlO gene 
or other than a T of the complement of the coding sequence 
of the AKAPlO gene. 

[0073] Other polymorphic regions of the AKAPlO gene 
representing allelic variants of the AKAP10 gene that are 
associated With susceptibility to morbidity, increased or 
early mortality, or morbidity and increased or early mortality 
comprise a nucleotide other than a C at a position corre 
sponding to position 83587 of the SEQ ID NO: 17 or other 
than a G on the complementary strand, a nucleotide other 
than a G at a position corresponding to position 129600 of 
the SEQ ID NO: 17 or other than a C on the complementary 
strand and a nucleotide other than T at a position corre 
sponding to position 156,277 of SEQ ID NO: 17 or other 
than A on the complementary strand. 

[0074] The detection of the presence or absence of an 
allelic variant can be effected by, but is not limited to, 
methods such as allele speci?c hybridiZation, primer speci?c 
extension, oligonucleotide ligation assay, restriction enZyme 
site analysis and single-stranded conformation polymor 
phism analysis. The detection can further be effected, but is 
not limited to, by mass spectrometry or by a signal moiety 
such as radioisotopes, enZymes, antigens, antibodies, spec 
trophotometric reagents, chemiluminescent reagents, ?uo 
rescent reagents and other light producing reagents. 
[0075] A collection of polymorphic regions of the 
AKAPlO gene that individually represent allelic variants 
associated With morbidity, increased or early mortality, or 
morbidity and increased or early mortality in a subject may 
be more informative than a single allelic variant. Each allelic 
variant may be assayed individually or the collection may be 
assayed simultaneously using multiplex assay methods. Fur 
ther provided is a collection of polymorphic regions of the 
AKAPlO gene comprising at least tWo polymorphic regions 
selected from the group consisting of a position correspond 
ing to position 2073 of SEQ ID NO 3, a position corre 
sponding to position 83587 of SEQ ID NO: 13, a position 
corresponding to position 129,600 of SEQ ID NO: 14 and a 
position corresponding to position 156,277 of SEQ ID NO: 
18. 

Cells 

[0076] Further provided is a cell comprising a heterolo 
gous nucleic acid, that encodes a human AKAP-lO variant 
protein or portion thereof that exhibits a biological activity 
of the full length variant protein, Wherein the AKAP-10 
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protein or portion thereof comprises valine at a position 
corresponding to amino acid residue position 646 of SEQ ID 
NO 2. 

[0077] Also provided is a cell comprises a heterologous 
nucleic acid, that encodes the amino acid sequence set forth 
in SEQ. ID. NO: 4. 

[0078] Further provided is a cell comprising a heterolo 
gous nucleic acid, that comprises the sequence of nucle 
otides as set forth from position 138 to position 2126 of 
SEQ. ID. NO: 3. 

[0079] Also provided is a cell comprising a heterologous 
nucleic acid, that comprises the sequence of nucleotides as 
set forth from position 83580 to position 156,577 of SEQ. 
ID. NO: 13. 

[0080] Further provided is a cell comprising a heterolo 
gous nucleic acid, that comprises the sequence of nucle 
otides as set forth from position 83580 to position 156,577 
of SEQ. ID. NO: 14. 

[0081] Also provided is a cell comprising a heterologous 
nucleic acid, that comprises the sequence of nucleotides as 
set forth from position 83580 to position 156,577 of SEQ ID 
NO: 18. 

Kits 

[0082] Further provided are kits for determining Whether 
a subject has an increased susceptibility to morbidity and/or 
a predisposition for premature or increased or early mortal 
ity, comprising a ?rst primer or probe that speci?cally 
hybridiZes adjacent to or at a polymorphic region spanning 
a position corresponding-to position 2073 of SEQ ID NO 1 
or 3 of an AKAP10 allele or the complement thereof and a 

second primer or probe that speci?cally hybridiZes adjacent 
to or at a polymorphic region spanning a position corre 
sponding to positions selected from the group consisting of 
position 83587 of SEQ ID NO 13 or 17, position 129600 of 
SEQ ID NO 14 or 17, and position 156,277 of SEQ ID NO 
18 or 17 of an AKAP10 allele or the complement thereof. 
Primers include, but are not limited to, nucleic acids con 
sisting essentially of the nucleotide sequence of SEQ ID 
NO: 8, SEQ ID NO: 15, SEQ ID NO: 19 and SEQ ID NO 
20. The kits also optionally contain instructions for carrying 
out assays, interpreting results or for aid in determining if a 
subject has a predisposition for an increased susceptibility to 
morbidity and/or a predisposition for premature or increased 
or early mortality. The kits can also include at least one 
didieoxynucleotide such as ddA, ddC, ddG. 

Proteins and Methods of Producing 

[0083] Further provided is a method of producing a pro 
tein by groWing a cell comprising a nucleic acid vector 
comprising a nucleic acid molecule, comprising a sequence 
of nucleotides that encodes the polypeptide of SEQ ID NO: 
2, except that the He residue at position 646 of SEQ ID NO: 
2 is replaced With Val, Leu or Phe, under conditions Whereby 
the protein is expressed and isolating the protein. 

[0084] Also provided are methods Wherein the cell is a 
mammalian cell, yeast cell, insect cell, bacterial cell or 
human cell. 
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[0085] Further provided are proteins produced by the 
above described methods. 

Transgenic Animals 
[0086] Also provided are transgenic animals comprising 
heterologous nucleic acid encoding a human AKAP10 pro 
tein or portion thereof comprising the binding region for 
protein kinase A, Wherein the AKAP10 protein or portion 
thereof comprises valine at a position corresponding to 
position 646 of SEQ ID NO: 2, Wherein the transgenic 
nucleotide acid is expressed; and, as a result of the expres 
sion, the transgenic animal has an alteration in cellular signal 
transduction. The transgenic animals include, but are not 
limited to, rodents, including rats and mice. 

[0087] Further provided are transgenic animals compris 
ing heterologous nucleic acid encoding the sequence of an 
allelic variant of a human AKAP10 gene comprising a 
nucleotide other than a C at a position corresponding With 
position 83587 of the SEQ ID NO: 17, a nucleotide other 
than a G at a position corresponding to position 129600 of 
the SEQ ID NO: 17 or a nucleotide other than T at position 
corresponding to position 156,277 of SEQ ID NO: 17. 
Methods to Identify Molecules that Modulate the Activity of 
AKAP10 Variant Proteins and Nucleic Acids 

[0088] Further provided are methods for identifying a 
molecule that modulates the biological activity of an 
AKAP10 protein, comprising combining the candidate mol 
ecule With a cell comprising a nucleotide sequence encoding 
an AKAP10 variant protein or portion thereof that retains a 
biological activity of the full length variant protein and 
Which has an amino acid residue at a position corresponding 
to position 646 of SEQ ID NO: 2 Which is not He, operably 
linked to a promoter such that the nucleotide sequence is 
expressed as an AKAP protein or portion thereof in the cell 
and determining the affect of the molecule upon the bio 
logical activity of the AKAP10 protein or portion thereof. 

[0089] Also provided are methods as described above in 
Which the activity of the AKAP10 protein or portion thereof 
is determined by examining signal transduction in the cell or 
by examining binding of AKAP10 protein or portion thereof 
to protein kinase A or by examining cellular phosphoryla 
tion. 

[0090] Nucleic acid encoding the sequence of other allelic 
variant of a human AKAP10 gene, that are not in coding 
regions, can be introduced into cells alloWing for the iden 
ti?cation of molecules that may modulate the expression of 
these sequences at the level of transcription, translation or 
processing. Such sequences of other allelic variant of a 
human AKAP10 gene can comprise a nucleotide other than 
a C at a position corresponding With position 83587 of the 
SEQ ID NO: 17, a nucleotide other than a G at a position 
corresponding to position 129600 of the SEQ ID NO: 17 or 
a nucleotide other than T at position corresponding to 
position 156,277 of SEQ ID NO: 17. Assays to monitor 
transcription, translation and processing are familiar to pro 
duce in the ?eld. 

Methods for Indicating and/or Predicting a Susceptibility to 
an Alteration in Signal Transduction 

[0091] Further provided are methods for indicating an 
alteration in signal transduction and/or predicting a suscep 
tibility to an alteration in signal transduction in a subject 
comprising detecting the presence or absence of an allelic 
variant of an AKAP10 gene having a nucleotide other than 
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A at a position corresponding to position 2073 of SEQ ID 
NO: 1, Wherein the presence of a nucleotide other than A is 
indicative of an alteration in signal transduction. 

[0092] Also provided are methods as described above 
Wherein the allelic variant has a G at a position correspond 
ing to position 2073 of SEQ ID NO: 1. 

[0093] Other polymorphic regions of the AKAP10 gene 
representing allelic variants of the AKAP10 gene that are 
associated With an alteration in signal transduction comprise 
a nucleotide other than a C at a position corresponding With 
position 83587 of the SEQ ID NO: 17 or other than a G on 
the complementary strand, a nucleotide other than a G at a 
position corresponding to position 129600 of the SEQ ID 
NO: 17 or other than a C on the complementary strand and 
a nucleotide other than T at position corresponding to 
position 156,277 of SEQ ID NO: 17 or other than A on the 
complementary strand. 

[0094] Further provided are methods Which also comprise 
detecting the presence or absence of an allelic variant at 
another polymorphic position of the AKAP10 gene selected 
from the group consisting of a position corresponding to 
position 83587 of SEQ ID NO: 13, a position 129,600 of 
SEQ ID NO: 14 and position 156,277 of SEQ ID NO: 18. 

[0095] The alteration in signal transduction maybe related 
to disorders such as cardiovascular disorders, cardiac disor 
ders, proliferative disorders, neurological disorders, neuro 
degenerative disorders, obesity, diabetes and peripheral ret 
inopathies, AlZheimer’s disease, altered left ventricular 
function, cardiomyopathies, bipolar disorder and retinitis 
pigmentosa. 

[0096] Further provided are the above described methods 
for Which the detecting step is by allele speci?c hybridiZa 
tion, primer speci?c extension, oligonucleotide ligation 
assay, restriction enZyme site analysis and single-stranded 
conformation polymorphism analysis. 

[0097] Also provided are methods Wherein the detecting is 
effected by mass spectrometry. 

[0098] Further provided are methods Wherein the detect 
ing is effected by a signal moiety such as radioisotopes, 
enZymes, antigens, antibodies, spectrophotometric reagents, 
chemiluminescent reagents, ?uorescent reagents and other 
light producing reagents. 

Supports 

[0099] Also provided is a solid support comprising a 
nucleic acid comprising a polymorphic region of an 
AKAP10 gene, Wherein the polymorphic regions comprises 
a nucleotide at a position corresponding to position 2073 of 
SEQ ID NO: 1 that is other than an A or other than T on the 
complementary strand. 

[0100] Further provided is a solid support comprising a 
nucleic acid comprising a polymorphic region of an 
AKAP10 gene, Wherein the polymorphic regions comprises 
a nucleotide at a position corresponding to position 83587 of 
SEQ ID NO: 17 that is other than a C or other than G on the 
complementary strand. 

[0101] Also provided is a solid support comprising a 
nucleic acid comprising a polymorphic region of an 
AKAP10 gene, Wherein the polymorphic regions comprises 
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a nucleotide at a position corresponding to position 129600 
of SEQ ID NO 17 that is other than a G or other than C on 
the complementary strand. 

[0102] Also provided is a solid support comprising a 
nucleic acid comprising a polymorphic region of an 
AKAP10 gene, Wherein the polymorphic regions comprises 
a nucleotide at a position corresponding to position 156,277 
of SEQ ID NO: 17 that is other than T or other thanAon the 
complementary strand. 

[0103] Further provided is a solid support comprising a 
nucleic acid comprising a polymorphic region of an 
AKAP10 gene Which is a microarray. 

[0104] Also provided is a microarray comprising at least 2 
nucleic acid molecules each comprising a sequence of a 
polymorphic region of an AKAP10 gene at a position 
corresponding the position of the group consisting position 
2073 of SEQ ID NO: 3, position 83587 of SEQ ID NO: 13, 
position 129,600 of SEQ ID NO: 14 and position 156,277 of 
SEQ ID NO: 18., or the compliments thereof. 

[0105] Micrarrays are Well knoWn (see, e.g., US. Pat. 
Nos. 5,837,832; 5,858,659; 6,043,136; 6,043,031 and 6,156, 
501). 
RiboZymes 

[0106] Also provided is an anti-AKAP10 riboZyme com 
prising a sequence complementary to a polymorphic region 
of an AKAP10 gene. The polymorphic regions are selected 
from the group consisting of a position corresponding to 
position 2073 of SEQ ID NO: 3, position 83587 of SEQ ID 
NO: 13, position 129,600 of SEQ ID NO: 14 and position 
156,277 of SEQ ID NO: 18. 

[0107] Further provided is a riboZyme comprising the 
nucleic acid of SEQ ID NO: 25. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A. De?nitions 

[0108] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of skill in the art to Which this 
invention belongs. All patents, patent applications, pub 
lished applications and publications referred to throughout 
the disclosure herein are, unless noted otherWise, incorpo 
rated by reference in their entirety. In the event that there are 
a plurality of de?nitions for terms herein, those in this 
section prevail. 

[0109] As used herein, sequencing refers to the process of 
determining a nucleotide sequence and can be performed 
using any method knoWn to those of skill in the art. For 
eXample, if a polymorphism is identi?ed or knoWn, and it is 
desired to assess its frequency or presence in nucleic acid 
samples taken from the subjects that comprise the database, 
the region of interest from the samples can be isolated, such 
as by PCR or restriction fragments, hybridiZation or other 
suitable method knoWn to those of skill in the art, and 
sequenced. For purposes herein, sequencing analysis is 
preferably effected using mass spectrometry (see, e.g., US. 
Pat. Nos. 5,547,835, 5,622,824, 5,851,765, and 5,928,906). 
Nucleic acids can also be sequenced by hybridiZation (see, 
e.g., US. Pat. Nos. 5,503,980, 5,631,134, 5,795,714) and 
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including analysis by mass spectrometry (see, US. applica 
tion Ser. Nos. 08/419,994 and 09/395,409). Alternatively, 
sequencing may be performed using other known methods, 
such as set forth in US. Pat. Nos. 5,525,464; 5,695,940; 
5,834,189; 5,869,242; 5,876,934; 5,908,755; 5,912,118; 
5,952,174; 5,976,802; 5,981,186; 5,998,143; 6,004,744; 
6,017,702; 6,018,041; 6,025,136; 6,046,005; 6,087,095; 
6,117,634, 6,013,431, WO 98/30883; WO 98/56954; WO 
99/09218; WO/00158519, and the others. 

[0110] As used herein, “polymorphism” refers to the coeX 
istence of more than one form of a gene or portion thereof. 
A portion of a gene of Which there are at least tWo different 
forms, i.e., tWo different nucleotide sequences, is referred to 
as a “polymorphic region of a gene”. Apolymorphic region 
can be a single nucleotide, the identity of Which differs in 
different alleles. A polymorphic region can also be several 
nucleotides in length. 

[0111] As used herein, “polymorphic gene” refers to a 
gene having at least one polymorphic region. 

[0112] As used herein, “allele”, Which is used interchange 
ably herein With “allelic variant” refers to alternative forms 
of a gene or portions thereof. Alleles occupy the same locus 
or position on homologous chromosomes. When a subject 
has tWo identical alleles of a gene, the subject is said to be 
homoZygous for the gene or allele. When a subject has tWo 
different alleles of a gene, the subject is said to be heteroZy 
gous for the gene. Alleles of a speci?c gene can differ from 
each other in a single nucleotide, or several nucleotides, and 
can include substitutions, deletions, and insertions of nucle 
otides. An allele of a gene can also be a form of a gene 
containing a mutation. 

[0113] As used herein, “predominant allele” refers to an 
allele that is represented in the greatest frequency for a given 
population. The allele or alleles that are present in lesser 
frequency are referred to as allelic variants. 

[0114] As used herein, “associated” refers to coincidence 
With the development or manifestation of a disease, condi 
tion or phenotype. Association may be due to, but is not 
limited to, genes responsible for housekeeping functions 
Whose alteration can provide the foundation for a variety of 
diseases and conditions, those that are part of a pathWay that 
is involved in a speci?c disease, condition or phenotype and 
those that indirectly contribute to the manifestation of a 
disease, condition or phenotype. 

[0115] As used herein, the term “subject” refers to mam 
mals and in particular human beings. 

[0116] As used herein, the term “gene” or “recombinant 
gene” refers to a nucleic acid molecule comprising an open 
reading frame and including at least one eXon and (option 
ally) an intron sequence. A gene can be either RNA or DNA. 
Genes may include regions preceding and folloWing the 
coding region (leader and trailer). 

[0117] As used herein, “intron” refers to a DNA sequence 
present in a given gene Which is spliced out during mRNA 
maturation. 

[0118] As used herein, “nucleotide sequence complemen 
tary to the nucleotide sequence set forth in SEQ ID NO: X” 
refers to the nucleotide sequence of the complementary 
strand of a nucleic acid strand having SEQ ID NO: X. The 
term “complementary strand” is used herein interchangeably 
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With the term “complement”. The complement of a nucleic 
acid strand can be the complement of a coding strand or the 
complement of a non-coding strand. When referring to 
double stranded nucleic acids, the complement of a nucleic 
acid having SEQ ID NO: X refers to the complementary 
strand of the strand having SEQ ID NO: X or to any nucleic 
acid having the nucleotide sequence of the complementary 
strand of SEQ ID NO: X. When referring to a single stranded 
nucleic acid having the nucleotide sequence SEQ ID NO: X, 
the complement of this nucleic acid is a nucleic acid having 
a nucleotide sequence Which is complementary to that of 
SEQ ID NO: X. 

[0119] As used herein, the term “coding sequence” refers 
to that portion of a gene that encodes an amino acid 
sequence of a protein. 

[0120] As used herein, the term “sense strand” refers to 
that strand of a double-stranded nucleic acid molecule that 
has the sequence of the mRNA that encodes the amino acid 
sequence encoded by the double-stranded nucleic acid mol 
ecule. 

[0121] As used herein, the term “antisense strand” refers 
to that strand of a double-stranded nucleic acid molecule that 
is the complement of the sequence of the mRNA that 
encodes the amino acid sequence encoded by the double 
stranded nucleic acid molecule. 

[0122] As used herein, the amino acids, Which occur in the 
various amino acid sequences appearing herein, are identi 
?ed according to their Well-knoWn, three-letter or one-letter 
abbreviations. The nucleotides, Which occur in the various 
DNA fragments, are designated With the standard single 
letter designations used routinely in the art (see, Table 1). 

[0123] As used herein, amino acid residue refers to an 
amino acid formed upon chemical digestion (hydrolysis) of 
a polypeptide at its peptide linkages. The amino acid resi 
dues described herein are preferably in the “L” isomeric 
form. HoWever, residues in the “D” isomeric form can be 
substituted for any L-amino acid residue, as long as the 
desired functional property is retained by the polypeptide. 
NH2 refers to the free amino group present at the amino 
terminus of a polypeptide. COOH refers to the free carboXy 
group present at the carboXyl terminus of a polypeptide. In 
keeping With standard polypeptide nomenclature described 
in J. Biol. Chem, 243:3552-59 (1969) and adopted at 37 
C.F.R. §§ 1.821-1.822, abbreviations for amino acid resi 
dues are shoWn in the folloWing Table: 

TABLE 1 

Table of Correspondence 

SYMBOL 

1 Letter 3-Letter AMINO ACID 

Y Tyr tyrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A Ala alanine 
S Ser serine 
I Ile isoleucine 
L Leu leucine 
T Thr threonine 
V Val valine 
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TABLE 1-continued 
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TABLE 2-continued 

Table of Correspondence 

SYMBOL 

1 Letter 3-Letter AMINO ACID 

P Pro proline 
K Lys lysine 
H His histidine 
Q Gln glutamine 
E Glu glutamic acid 
Z Glx Glu and/or Gln 
W Trp tryptophan 
R Arg arginine 
D Asp aspartic acid 
N Asn asparagine 
B Asx Asn and/or Asp 
C Cys cysteine 
X Xaa Unknown or other 

[0124] It should be noted that all amino acid residue 
sequences represented herein by formulae have a left to right 
orientation in the conventional direction of amino-terminus 
to carboxyl-terminus. In addition, the phrase “amino acid 
residue” is broadly de?ned to include the amino acids listed 
in the Table of Correspondence and modi?ed and unusual 
amino acids, such as those referred to in 37 C.F.R. §§ 
1821-1822, and incorporated herein by reference. Further 
more, it should be noted that a dash at the beginning or end 
of an amino acid residue sequence indicates a peptide bond 
to a further sequence of one or more amino acid residues or 

to an amino-terminal group such as NH2 or to a carboxyl 
terminal group such as COOH. 

[0125] In a peptide or protein, suitable conservative sub 
stitutions of amino acids are knoWn to those of skill in this 
art and may be made generally Without altering the biologi 
cal activity of the resulting molecule. Those of skill in this 
art recognize that, in general, single amino acid substitutions 
in non-essential regions of a polypeptide do not substantially 
alter biological activity (see, e.g., Watson et al. Molecular 
Biology of the Gene; 4th Edition, 1987, The Benjamin/ 
Cummings Pub. co., p. 224). 

[0126] Such substitutions are preferably made in accor 
dance With those set forth in TABLE 2 as folloWs: 

TABLE 2 

Original residue Conservative substitution 

Ala (A) Gly; Ser 
Arg (R) Lys 
Asn (N) Gln; His 
Cys (C) Ser 
Gln (Q) Asn 
Glu Asp 
Gly (G) Ala; Pro 
His Asn; Gln 
Ile ) Leu; Val 
Leu L Ile; Val 
Lys Arg; Gln; Glu 
Met Leu; Tyr; Ile 
Phe Met; Leu; Tyr 
Ser (S) Thr 
Thr (T) Ser 
Trp Tyr 

Original residue Conservative substitution 

Tyr (Y) 
Val (V) 

Trp; Phe 
Ile; Leu 

Other substitutions are also permissible and may be deter 
mined empirically or in accord With knoWn conservative 
substitutions. 

[0127] As used herein, a DNA or nucleic acid homolog 
refers to a nucleic acid that includes a preselected conserved 
nucleotide sequence, such as a sequence encoding a thera 
peutic polypeptide. By the term “substantially homologous” 
is meant having at least 80%, preferably at least 90%, most 
preferably at least 95% homology therewith or a less per 
centage of homology or identity and conserved biological 
activity or function. 

[0128] The terms “homology” and “identity” are often 
used interchangeably. In this regard, percent homology or 
identity may be determined, for example, by comparing 
sequence information using a GAP computer program. The 
GAP program uses the alignment method of Needleman and 
Wunsch (J. Mol. Biol. 48:443 (1970), as revised by Smith 
and Waterman (Adv. Appl. Math. 2:482 (1981). Brie?y, the 
GAP program de?nes similarity as the number of aligned 
symbols (i.e., nucleotides or amino acids) Which are similar, 
divided by the total number of symbols in the shorter of the 
tWo sequences. The preferred default parameters for the 
GAP program may include: (1) a unary comparison matrix 
(containing a value of 1 for identities and 0 for non 
identities) and the Weighted comparison matrix of Gribskov 
and Burgess, Nucl. Acids Res. 14:6745 (1986), as described 
by SchWartZ and Dayhoff, eds., ATLAS OF PROTEIN 
SEQUENCE AND STRUCTURE, National Biomedical 
Research Foundation, pp. 353-358 (1979); (2) a penalty of 
3.0 for each gap and an additional 0.10 penalty for each 
symbol in each gap; and (3) no penalty for end gaps. 

[0129] Whether any tWo nucleic acid molecules have 
nucleotide sequences that are at least 80%, 85%, 90%, 95%, 
96%, 97%, 98% or 99% “identical” can be determined using 
knoWn computer algorithms such as the “FAST A” program, 
using for example, the default parameters as in Pearson and 
Lipman, Proc. Natl. Acad. Sci. USA 85:2444 (1988). Alter 
natively the BLAST function of the National Center for 
Biotechnology Information database may be used to deter 
mine identity 

[0130] In general, sequences are aligned so that the high 
est order match is obtained. “Identity” per se has an art 
recogniZed meaning and can be calculated using published 
techniques. (See, e.g.: Computational Molecular Biology, 
Lesk, A. M., ed., Oxford University Press, NeW York, 1988; 
Biocomputing: Informatics and Genome Projects, Smith, D. 
W., ed.,Academic Press, NeW York, 1993; ComputerAnaly 
sis of Sequence Data; Part I, Grif?n, A. M., and Grif?n, H. 
G., eds., Humana Press, NeW Jersey, 1994; SequenceAnaly 
sis in Molecular Biology, von Heinje, G., Academic Press, 
1987; and Sequence Analysis Primer, Gribskov, M. and 
Devereux, J., eds., M Stockton Press, NeW York, 1991). 
While there exist a number of methods to measure identity 
betWeen tWo polynucleotide or polypeptide sequences, the 
term “identity” is Well knoWn to skilled artisans (Carillo, H. 
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& Lipton, D., SIAM J Applied Math 48:1073 (1988)). 
Methods commonly employed to determine identity or simi 
larity between tWo sequences include, but are not limited to, 
those disclosed in Guide to Huge Computers, Martin J. 
Bishop, ed., Academic Press, San Diego, 1994, and Carillo, 
H. & Lipton, D., SIAM JApplied Math 48:1073 (1988). 
Methods to determine identity and similarity are codi?ed in 
computer programs. Preferred computer program methods 
to determine identity and similarity betWeen tWo sequences 
include, but are not limited to, GCG program package 
(Devereux, J., et al., Nucleic Acids Research 12(1):387 
(1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et al., 
J Molec Biol 215:403 (1990)). 

[0131] Therefore, as used herein, the term “identity” rep 
resents a comparison betWeen a test and a reference 
polypeptide or polynucleotide. For example, a test polypep 
tide may be de?ned as any polypeptide that is 90% or more 
identical to a reference polypeptide. 

[0132] As used herein, the term at least “90% identical to” 
refers to percent identities from 90 to 99.99 relative to the 
reference polypeptides. Identity at a level of 90% or more is 
indicative of the fact that, assuming for exempli?cation 
purposes a test and reference polynucleotide length of 100 
amino acids are compared. No more than 10% (i.e., 10 out 
of 100) amino acids in the test polypeptide differs from that 
of the reference polypeptides. Similar comparisons may be 
made betWeen a test and reference polynucleotides. Such 
differences may be represented as point mutations randomly 
distributed over the entire length of an amino acid sequence 
or they may be clustered in one or more locations of varying 
length up to the maximum alloWable, e.g. 10/100 amino acid 
difference (approximately 90% identity). Differences are 
de?ned as nucleic acid or amino acid substitutions, or 
deletions. 

[0133] As used herein, stringency conditions refer to the 
Washing conditions for removing the non-speci?c probes 
and conditions that are equivalent to either high, medium, or 
loW stringency as described beloW: 

[0134] 1) high stringency: 0.1><SSPE, 0.1% SDS, 65° C. 

[0135] 2) medium stringency: 0.2><SSPE, 0.1% SDS, 
50° C. 

[0136] 3) loW stringency: 1.0><SSPE, 0.1% SDS, 500 C. 

It is understood that equivalent stringencies may be 
achieved using alternative buffers, salts and tempera 
tures. 

[0137] As used herein, “heterologous DN ” is DNA that 
encodes RNA and proteins that are not normally produced in 
vivo by the cell in Which it is expressed or that mediates or 
encodes mediators that alter expression of endogenous DNA 
by affecting transcription, translation, or other regulatable 
biochemical processes or is not present in the exact orien 
tation or position as the counterpart DNA in a Wildtype cell. 
Heterologous DNA may also be referred to as foreign DNA. 
Any DNA that one of skill in the art Would recogniZe or 
consider as heterologous or foreign to the cell in Which is 
expressed is herein encompassed by heterologous DNA. 
Examples of heterologous DNA include, but are not limited 
to, DNA that encodes traceable marker proteins, such as a 
protein that confers drug resistance, DNA that encodes 
therapeutically effective substances, such as anti-cancer 
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agents, enZymes and hormones, and DNA that encodes other 
types of proteins, such as antibodies. Antibodies that are 
encoded by heterologous DNA may be secreted or expressed 
on the surface of the cell in Which the heterologous DNA has 
been introduced. 

[0138] As used herein, isolated With reference to a nucleic 
acid molecule or polypeptide or other biomolecule means 
that the nucleic acid or polypeptide has separated from the 
genetic environment from Which the polypeptide or nucleic 
acid Were obtained. It may also mean altered from the 
natural state. For example, a polynucleotide or a polypeptide 
naturally present in a living animal is not “isolated,” but the 
same polynucleotide or polypeptide separated from the 
coexisting materials of its natural state is “isolated”, as the 
term is employed herein. Thus, a polypeptide or polynucle 
otide produced and/or contained Within a recombinant host 
cell is considered isolated. Also intended as an “isolated 
polypeptide” or an “isolated polynucleotide” are polypep 
tides or polynucleotides that have been puri?ed, partially or 
substantially, from a recombinant host cell or from a native 
source. For example, a recombinantly produced version of a 
compounds can be substantially puri?ed by the one-step 
method described in Smith and Johnson, Gene 67:31-40 
(1988). The terms isolated and puri?ed are sometimes used 
interchangeably. 
[0139] Thus, by “isolated” is meant that the nucleic is free 
of the coding sequences of those genes that, in the naturally 
occurring genome of the organism (if any) immediately 
?ank the gene encoding the nucleic acid of interest. Isolated 
DNA may be single-stranded or double-stranded, and may 
be genomic DNA, cDNA, recombinant hybrid DNA, or 
synthetic DNA. It may be identical to a native DNA 
sequence, or may differ from such sequence by the deletion, 
addition, or substitution of one or more nucleotides. 

[0140] Isolated or puri?ed as it refers to preparations made 
from biological cells or hosts means any cell extract con 
taining the indicated DNA or protein including a crude 
extract of the DNA or protein of interest. For example, in the 
case of a protein, a puri?ed preparation can be obtained 
folloWing an individual technique or a series of preparative 
or biochemical techniques and the DNA or protein of 
interest can be present at various degrees of purity in these 
preparations. The procedures may include for example, but 
are not limited to, ammonium sulfate fractionation, gel 
?ltration, ion exchange change chromatography, affinity 
chromatography, density gradient centrifugation and elec 
trophoresis. 
[0141] A preparation of DNA or protein that is “substan 
tially pure” or “isolated” should be understood to mean a 
preparation free from naturally occurring materials With 
Which such DNA or protein is normally associated in nature. 
“Essentially pure” should be understood to mean a “highly” 
puri?ed preparation that contains at least 95% of the DNA 
or protein of interest. 

[0142] A cell extract that contains the DNA or protein of 
interest should be understood to mean a homogenate prepa 
ration or cell-free preparation obtained from cells that 
express the protein or contain the DNA of interest. The term 
“cell extract” is intended to include culture media, especially 
spent culture media from Which the cells have been 
removed. 

[0143] As used herein, receptor refers to a biologically 
active molecule that speci?cally binds to (or With) other 
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molecules. The term “receptor protein” may be used to more 
speci?cally indicate the proteinaceous nature of a speci?c 
receptor. 

[0144] As used herein, recombinant refers to any progeny 
formed as the result of genetic engineering. 

[0145] As used herein, a promoter region refers to the 
portion of DNA of a gene that controls transcription of the 
DNA to Which it is operatively linked. The promoter region 
includes speci?c sequences of DNA that are suf?cient for 
RNA polymerase recognition, binding and transcription 
initiation. This portion of the promoter region is referred to 
as the promoter. In addition, the promoter region includes 
sequences that modulate this recognition, binding and tran 
scription initiation activity of the RNA polymerase. These 
sequences may be cis acting or may be responsive to trans 
acting factors. Promoters, depending upon the nature of the 
regulation, may be constitutive or regulated. 

[0146] As used herein, the phrase “operatively linked” 
generally means the sequences or segments have been 
covalently joined into one piece of DNA, Whether in single 
or double stranded form, Whereby control or regulatory 
sequences on one segment control or permit expression or 
replication or other such control of other segments. The tWo 
segments are not necessarily contiguous. For gene expres 
sion a DNA sequence and a regulatory sequence(s) are 
connected in such a Way to control or permit gene expression 
When the appropriate molecular, e.g., transcriptional activa 
tor proteins, are bound to the regulatory sequence(s). 

[0147] As used herein, production by recombinant means 
by using recombinant DNA methods means the use of the 
Well knoWn methods of molecular biology for expressing 
proteins encoded by cloned DNA, including cloning expres 
sion of genes and methods, such as gene shuf?ing and phage 
display With screening for desired speci?cities. 

[0148] As used herein, the term “conjugated” refers stable 
attachment, such ionic or covalent attachment. 

[0149] As used herein, a composition refers to any mixture 
of tWo or more products or compounds. It may be a solution, 
a suspension, liquid, poWder, a paste, aqueous, non-aqueous 
or any combination thereof. 

[0150] As used herein, a combination refers to any asso 
ciation betWeen tWo or more items. 

[0151] As used herein, substantially identical to a product 
means suf?ciently similar so that the property of interest is 
sufficiently unchanged so that the substantially identical 
product can be used in place of the product. 

[0152] As used herein, the term “vector” refers to a nucleic 
acid molecule capable of transporting another nucleic acid to 
Which it has been linked. One type of preferred vector is an 
episome, i.e., a nucleic acid capable, of extra-chromosomal 
replication. Preferred vectors are those capable of autono 
mous replication and/or expression of nucleic acids to Which 
they are linked. Vectors capable of directing the expression 
of genes to Which they are operatively linked are referred to 
herein as “expression vectors”. In general, expression vec 
tors of utility in recombinant DNA techniques are often in 
the form of “plasmids” Which refer generally to circular 
double stranded DNA loops Which, in their vector form are 
not bound to the chromosome. “Plasmid” and “vector” are 
used interchangeably as the plasmid is the most commonly 
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used form of vector. Other such other forms of expression 
vectors that serve equivalent functions and that become 
knoWn in the art subsequently hereto. 

[0153] As used herein, “indicating” or “determining” 
means that the presence or absence of an allelic variant may 
be one of many factors that are considered When a subject’s 
predisposition to a disease or disorder is evaluated. Thus a 
predisposition to a disease or disorder is not necessarily 
conclusively determined by only ascertaining the presence 
or absence of one or more allelic variants, but the presence 
of one of more of such variants is among an number of 
factors considered. 

[0154] As used herein, “predisposition to develop a dis 
ease or disorder” means that a subject having a particular 
genotype and/or haplotype has a higher likelihood than one 
not having such a genotype and/or haplotype for developing 
a particular disease or disorder. 

[0155] As used herein, “morbidity” refers to conditions, 
such as diseases or disorders, that compromise the health 
and Well-being of an organism, such as an animal. Morbidity 
susceptibility or morbidity-associated genes are genes that, 
When altered, for example, by a variation in nucleotide 
sequence, facilitate the expression of a speci?c disease 
clinical phenotype. Thus, morbidity susceptibility genes 
have the potential, upon alteration, of increasing the likeli 
hood or general risk that an organism Will develop a speci?c 
disease. 

[0156] As used herein, “mortality” refers to the statistical 
likelihood that an organism, particularly an animal, Will not 
survive a full predicted lifespan. Hence, a trait or a marker, 
such as a polymorphism, associated With increased mortality 
is observed at a loWer frequency in older than younger 
segments of a population. 

[0157] As used herein, “transgenic animal” refers to any 
animal, preferably a non-human animal, eg a mammal, bird 
or an amphibian, in Which one or more of the cells of the 
animal contain heterologous nucleic acid introduced by Way 
of human intervention, such as by transgenic techniques 
Well knoWn in the art. The nucleic acid is introduced into the 
cell, directly or indirectly by introduction into a precursor of 
the cell, by Way of deliberate genetic manipulation, such as 
by microinjection or by infection With a recombinant virus. 
The term genetic manipulation does not include classical 
cross-breeding, or in vitro fertiliZation, but rather is directed 
to the introduction of a recombinant DNA molecule. This 
molecule may be integrated Within a chromosome, or it may 
be extrachromosomally replicating DNA. In the typical 
transgenic animals described herein, the transgene causes 
cells to express a recombinant form of a protein. HoWever, 
transgenic animals in Which the recombinant gene is silent 
are also contemplated, as for example, using the FLP or CRE 
recombinase dependent constructs. Moreover, “transgenic 
animal” also includes those recombinant animals in Which 
gene disruption of one or more genes is caused by human 
intervention, including recombination and antisense tech 
niques. 

[0158] As used herein, “target nucleic acid” refers to a 
nucleic acid molecule Which contains all or a portion of a 
polymorphic region of a gene of interest. 

[0159] As used herein, “signal moiety” refers to any 
moiety that alloWs for the detection of a nucleic acid 
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molecule. Included are moieties covalently attached to 
nucleic acids and those that are not. 

[0160] As used herein, “molecule that modulates or effects 
the biological activity of an AKAPlO protein” refers to any 
drug, small molecule, nucleic acid (sense and antisense), 
riboZyme, protein, peptide, lipid, carbohydrate etc. or com 
bination thereof, that directly or indirectly changes, alters, 
abolishes, increases or decreases a biological activity attrib 
uted to AKAPlO protein. 

[0161] As used herein, “biological activity of an AKAPlO 
protein” refers to, but is not limited to, binding of AKAPlO 
to protein kinase A or its subunits, localiZation of AKAPlO 
protein to a subcellular site, e.g., the mitochondria, local 
iZation of protein kinase A to the mitochondria and binding 
of AKAPlO protein to other proteins including other signal 
ling enZymes. 

[0162] As used herein, “combining” refers to contacting 
the biologically active agent With a cell or animal such that 
the agent is introduced into the cell or animal. For a cell any 
method that results in an agent traversing the plasma mem 
brane is useful. For an animal any of the standard routes of 
administration of an agent, e.g. oral, rectal, transmucosal, 
intestinal, intravenous, intraperitoneal, intraventricular, sub 
cutaneous, intramuscular, etc., can be used. 

[0163] As used herein, a composition refers to any mix 
ture. It may be a solution, a suspension, liquid, poWder, a 
paste, aqueous, non-aqueous or any combination thereof. 

[0164] As used herein, a combination refers to any asso 
ciation betWeen tWo or among more items. 

[0165] As used herein, “kit” refers to a package that 
contains a combination, such as one or more primers or 
probes used to amplify or detect polymorphic regions of 
AKAPlO genes, optionally including instructions and/or 
reagents for their use. 

[0166] As used herein, “solid support” refers to a support 
substrate or matrix, such as silica, polymeric materials or 
glass. At least one surface of the support can be partially 
planar. Regions of the support may be physically separated, 
for example With trenches, grooves, Well or the like. Some 
examples of solid supports include slides and beads. Sup 
ports are of such composition so as to alloW for the immo 
biliZation or attachment of nucleic acids and other molecules 
such that these molecules retain their binding ability. 

[0167] As used herein, “array” refers to a collection of 
elements, such as nucleic acids, containing three or more 
members. An addressable array is one in Which the members 
of the array are identi?able, typically by position on a solid 
support. Hence, in general the members of the array Will be 
immobiliZed to discrete identi?able loci on the surface of a 
solid phase. 

[0168] As used herein, “speci?cally hybridiZes” refers to 
hybridiZation of a probe or primer only to a target sequence 
preferentially to a non-target sequence. Those of skill in the 
art are familiar With parameters that affect hybridiZation; 
such as temperature, probe or primer length and composi 
tion, buffer composition and salt concentration and can 
readily adjust these parameters to achieve speci?c hybrid 
iZation of a nucleic acid to a target sequence. 

[0169] As used herein “nucleic acid” refers to polynucle 
otides such as deoxyribonucleic acid (DNA) and ribonucleic 
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acid (RNA). The term should also be understood to include, 
as equivalents, derivatives, variants and analogs of either 
RNA or DNA made from nucleotide analogs, single (sense 
or antisense) and double-stranded polynucleotides. Deox 
yribonucleotides include deoxyadenosine, deoxycytidine, 
deoxyguanosine and deoxythymidine. For RNA, the uracil 
base is uridine. 

[0170] As used herein, “mass spectrometry” encompasses 
any suitable mass spectrometric format knoWn to those of 
skill in the art. Such formats include, but are not limited to, 
Matrix-Assisted Laser Desorption/Ionization, Time-of 
Flight (MALDI-TOF), Electrospray (ES), IR-MALDI (see, 
e.g., published International PCT Application No. WO 
99/57318 and US. Pat. No. 5,118,937) Ion Cyclotron Reso 
nance (ICR), Fourier Transform and combinations thereof. 
MALDI, particular UV and IR, are among the preferred 
formats. 

[0171] As used herein, “at a position corresponding to” 
refers to a position of interest (i.e., base number or residue 
number) in a nucleic acid molecule or protein relative to the 
position in another reference nucleic acid molecule or pro 
tein. Corresponding positions can be determined by com 
paring and aligning sequences to maximiZe the number of 
matching nucleotides or residues, for example, such that 
identity betWeen the sequences is greater than 95%, prefer 
ably greater than 96%, more preferably greater than 97%, 
even more preferably greater than 98% and most preferably 
greater than 99%. The position of interest is then given the 
number assigned in the reference nucleic acid molecule. For 
example, it is shoWn herein that a particular polymorphism 
in AKAP-lO occurs at nucleotide 2073 of SEQ ID No. 1. To 
identify the corresponding nucleotide in another allele or 
isolate, the sequences are aligned and then the position that 
lines up With 2073 is identi?ed. Since various alleles may be 
of different length, the position designate 2073 may not be 
nucleotide 2073, but instead is at a position that “corre 
sponds” to the position in the reference sequence. 

[0172] As used herein, “primer” and “probe” refer to a 
nucleic acid molecule including DNA, RNA and analogs 
thereof, including protein nucleic acids (PNA), and mixtures 
thereof. Such molecules are typically of a length such that 
they are statistically unique (i.e., occur only once) in the 
genome of interest. Generally, for a probe or primer to be 
unique in the human genome, it contains at least 14, 16 or 
contiguous nucleotides of a sequence complementary to or 
identical to a gene of interest. Probes and primers can be 10, 
20, 30, 50, 100 or more nucleic acids long. 

[0173] As used herein, “antisense nucleic acid molecule” 
refers to a molecule encoding a sequence complementary to 
at least a portion of an RNA molecule. The sequence is 
suf?ciently complementary to be able to hybridiZe With the 
RNA, preferably under moderate or high stringency condi 
tions to form a stable duplex. The ability to hybridiZe 
depends on the degree of complementarity and the length of 
the antisense nucleic acid. Generally, the longer the hybrid 
iZing nucleic acid, the more base mismatches With an RNA 
it can contain and still form a stable duplex. One skilled in 
the art can ascertain a tolerable degree of mismatch by use 
of standard procedures to determine the melting point of the 
hybridiZed complex. 

[0174] As used herein, a “variant protein” refers to a 
protein encoded by an allelic variant of a AKAPlO gene 
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Which results in a change of an amino acid residue at a 
particular position relative to that position in the protein 
encoded by the predominant allele. 

[0175] As used herein, “signal transduction” refers to the 
propagation of a signal. In general, an extracellular signal is 
transmitted through the cell membrane to become an intra 
cellular signal. This signal can then stimulate a cellular 
response. The term also encompasses signals that are propa 
gated entirely Within a cell. The polypeptide molecules 
involved in signal transduction processes are typically 
receptor and non-receptor protein kinases, receptor and 
non-receptor protein phosphatases, nucleotide eXchange fac 
tors and transcription factors. One of the key biochemical 
mechanisms involved in signal transduction is protein phos 
phorylation. AKAPlO proteins are involved in signal trans 
duction as they bind to protein kinase A (PKA) and are 
though to anchor the kinase at a location, e.g., the mito 
chondria, Where PKA acts to phosphorylate a speci?c sub 
strate. Thus, an alteration in AKAPlO binding to PKA, 
localiZation to the mitochondria, or phosphorylation by 
PKA, among other steps Will result in an alteration in signal 
transduction. Assays including those that determine phos 
phorylation by PKA, association of PKA and AKAPlO and 
localiZation of AKAPlO can be used to monitor the state of 
signal transduction. 

[0176] As used herein, “adjacent” refers to a position 5‘ to 
the site of a single nucleotide polymorphism (SNP) such that 
there could be unpaired nucleotides betWeen that position 
and the site of the SNP. 

[0177] As used herein, “immediately adjacent” refers to a 
position 5‘ to the site of a single nucleotide polymorphism 
(SNP) such that there are no unpaired nucleotides betWeen 
that position and the site of the SNP. 

[0178] As used herein, “binding to PKA”, refers to the 
interaction of the PKA binding domain of an AKAPlO 
protein and the regulatory subunits RI and/or RII of the 
protein kinase A holoenZyme. 

B. Polymorphic AKAPs 

[0179] Polymorphic sequences of A-kinase anchoring pro 
tein genes are provided herein. Also provided 
herein are polymorphic AKAP proteins encoded by poly 
morphic AKAP gene sequences. These polymorphic 
sequences are based in differences discovered in AKAP 
genes Within and among different organisms, and, in par 
ticular, humans. 

[0180] Polymorphisms of the genome can lead to altered 
gene function, protein function or mRNA instability. AKAPs 
provide a mechanism for regulating ubiquitous cAMP 
dependent kinase (PKA) activity by tethering PKA to spe 
ci?c subcellular locations thereby segregating it With par 
ticular components in a given signaling pathWay and 
contributing to speci?city in cellular responses to eXtracel 
lular signals. AKAPs thus play a fundamental role in the 
basic functioning of cells, the response of cells to their 
environment and ultimately in the coordination of vital 
systems Within an organism. Therefore, polymorphisms in 
AKAP gene sequences may signi?cantly affect the proper 
functioning of cells and systems Within organisms and could 
be directly linked With certain disorders or could predispose 
an organism to a variety of diseases and disorders, especially 
those involving alterations in cellular protein phosphoryla 
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tion and/or signal transduction. Among such disorders and 
diseases are: neurodegeneratives diseases, such as AlZhe 
imer’s Disease, cardiovascular disorders, cardiac disorders, 
particularly disorders associated With altered left ventricular 
function, cardiomyopathies, proliferative disorders, bipolar 
disorder and other neurological disorders, obesity, diabetes 
and certain peripheral retinopathies, such as retinitis pig 
mentosa. The discovery of AKAP gene polymorphisms, 
such as those described herein, provides for the identi?ca 
tion and development of diagnostic and prognostic methods, 
also provided herein, and the development of drug therapies 
and treatment regimens. Furthermore, polymorphisms of 
AKAP genes aid in the study of AKAP protein structure and 
function, Which also contributes to the development of 
diagnostic methods and therapies. 

[0181] 1. AKAPlO 

[0182] The AKAPlO protein is primarily located in mito 
chondria. The sequence of a human AKAPlO cDNA (also 
referred to as D-AKAP2) is available in the GenBank 
database, at accession numbers AF037439 and NM 007202, 
and is provided in SEQ. ID. NO:1. The AKAPlO gene is 
located on chromosome 17. 

[0183] The sequence of a mouse D-AKAP2 cDNA is also 
available in the GenBank database (see accession number 
AF 021833). The mouse D-AKAP2 protein contains an RGS 
domain near the amino terminus that is characteristic of 
proteins that interact With Ga subunits and possess GTPase 
activating protein-like activity (Huang et al. (1997) Proc. 
Natl. Acad. Sci. U.S.A. 94:11184-11189). The human 
AKAPlO protein also has sequences homologous to RGS 
domains. The carboXy-terminal 40 residues of the mouse 
D-AKAP2 protein are responsible for the interaction With 
the regulatory subunits of PKA. This sequence is fairly Well 
conserved betWeen the mouse D-AKAP2 and human 
AKAPlO proteins. 

[0184] 2. Polymorphisms of the Human AKAPlO Gene 
and Polymorphic AKAPlO Proteins 

[0185] Polymorphisms of AKAP genes that alter gene 
expression, regulation, protein structure and/or protein func 
tion are more likely to have a signi?cant effect on the 
regulation of enZyme (particularly PKA) activity, cellular 
transduction of signals and responses thereto and on the 
basic functioning of cells than polymorphisms that do not 
alter gene and/or protein function. Included in the polymor 
phic AKAPs provided herein are human AKAPlO proteins 
containing differing amino acid residues at position number 
646 of SEQ. ID. No. 2. 

[0186] Amino acid 646 of the human AKAPlO protein 
(SEQ. ID. NO: 2) is located in the carboXy-terminal region 
of the protein Within a segment that participates in the 
binding of R-subunits of PKAs. This segment includes the 
carboXy-terminal 40 amino acids. 

[0187] The amino acid residue reported for position 646 of 
the human AKAPlO protein is an isoleucine. Polymorphic 
human AKAPlO proteins provided herein have the amino 
acid sequence set forth in SEQ. ID. NO: 2 but contain 
residues other than isoleucine at amino acid position 646 of 
the protein. In particular embodiments of the polymorphic 
human AKAPlO proteins provided herein, the amino acid at 
position 646 of SEQ. ID. NO: 2 is a valine (as set forth in 
SEQ. ID. NO: 4), leucine or phenylalanine residue. 
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[0188] a. An A to G Transition at Nucleotide 2073 of the 
Human AKAP10 Coding Sequence 

[0189] As described herein, an allelic variant of the human 
AKAP10 gene is at the polymorphic site at position 2073 of 
the coding sequence (see SEQ.ID. NO: 3) and encodes a 
valine at position 646 of the AKAP10 protein. This allelic 
variant has been found to vary in frequency in DNA samples 
from younger and older segments of a healthy population. 
This allele has the A at position 2073 of the AKAP10 gene 
coding sequence of SEQ. ID. NO: 1 changed to a G, giving 
rise to the sequence set forth in SEQ. ID. NO: 3. Conse 
quently, the codon for amino acid 646 changes from ATT, 
coding for isoleucine, to GTT, coding for valine. 

[0190] b. AnAto C Transversion at Nucleotide 2073 of the 
Human AKAP10 Coding Sequence 

[0191] In another human AKAP10 allelic variant, the 
nucleotide at position 2073 of the coding sequence in SEQ. 
ID. NO: 1 is changed from an Ato a C. Thus, changing the 
codon for amino acid 646 from AT T, coding for isoleucine, 
to CTT, coding for leucine. 

[0192] C. An A to T Transversion at Nucleotide 2073 of 
the Human AKAP10 Coding Sequence 

[0193] In another human AKAP10 allelic variant, the 
nucleotide at position 2073 of the coding sequence in SEQ. 
ID. NO: 1 is changed from an Ato a T. Thus, the codon for 
amino acid 646 changes from ATT, coding for isoleucine, to 
TTT, coding for phenylalanine. 

[0194] d. Other AKAP10 Polymorphisms 

TABLE 3 

Name GenBank Acession No. SNP Location 

10-1 AC005730 T/C 156277 
10-6 AC005730 C/G 83587 
10-7 AC005730 G/A 129600 

[0195] For AKAP10-1 additional variants are represented 
by the presence of A or G at nucleotide position 156277 of 
SEQ ID NO: 17. 

[0196] For AKAP10-6 additional variants are represented 
by the presence of A or T at nucleotide position 83587 of 
SEQ ID NO: 17. 

[0197] For AKAP10-7 additional variants are represented 
by the presence of C or T at nucleotide position 129600 of 
SEQ ID NO: 17. 

C. Isolation of Polymorphic AKAP10 Gene Sequences 

[0198] Exemplary nucleic acid sequences encoding poly 
morphic human AKAP10 proteins are represented by nucle 
otides Which encode the amino acid sequence as set forth in 
SEQ. ID. NO: 3. Nucleotide sequences encoding the amino 
acid sequence as set forth in SEQ. ID. NO: 1 in Which amino 
acid 646 has been replaced With a leucine or phenylalanine 
are also provided herein. 

[0199] Other exemplary nucleic acid sequences represent 
allelic variants of the AKAP10 gene Which are not located 
in protein coding regions. Such as set forth in nucleotide 
position 83,580 to position 156,577 of SEQ ID NO: 13, 14 
and 18. 
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[0200] Nucleic acid encoding polymorphic human 
AKAP10 proteins and genes provided herein may be iso 
lated by screening suitable human cDNA or human genomic 
libraries under suitable hybridiZation conditions With 
nucleic acids such as those provided in SEQ. ID. NOS: 1, 3, 
13, 14, 17 and 18. Suitable libraries can be prepared from 
human tissue and cell samples. In order to isolate cDNA 
encoding a polymorphic human AKAP10 it is preferable to 
screen libraries prepared from different tissues as the allele 
may not be expressed in all tissues or at similar levels in 
different tissues. The library can be screened With a portion 
of DNA including substantially the entire human AKAP10 
or polymorphic AKAP10 protein-encoding sequence as set 
forth in SEQ. ID. NOS. 1, 3, 13, 14, 17 and 18, or the library 
may be screened With a suitable probe. 

[0201] After screening the library, positive clones are 
identi?ed by detecting a hybridiZation signal; the identi?ed 
clones are characteriZed by restriction enZyme mapping 
and/or DNA sequence analysis, and then examined, by 
comparison With the sequences set forth herein to ascertain 
Whether they include DNA encoding a complete polymor 
phic human AKAP10 protein (i.e., if they include translation 
initiation and termination codons). If the selected clones are 
incomplete, they may be used to rescreen the same or a 
different library to obtain overlapping clones. If the library 
is genomic, then the overlapping clones may include exons 
and introns. If the library is a cDNA library, then the 
overlapping clones Will include an open reading frame. In 
both instances, clones may be identi?ed by comparison With 
the DNA and encoded proteins provided herein. 

[0202] In an alternative method, oligonucleotides based on 
the human AKAP10 or polymorphic AKAP10 protein-en 
coding sequence as set forth in SEQ. ID. NOS. 1, 3, 13, 14, 
17 and 18, may be used to amplify fragments of the protein 
coding region of the AKAP10 gene from human cDNA or 
genomic sequence. 

[0203] The isolated nucleic acid sequences can be incor 
porated into vectors for further manipulation. As used 
herein, vector (or plasmid) refers to discrete elements that 
are used to introduce heterologous DNA into cells for either 
expression or replication thereof. Selection and use of such 
vehicles are Well Within the skill of the artisan. 

D. Detection of Polymorphisms in Human AKAP10 Genes 

[0204] Methods of determining the presence or absence of 
allelic variants of a human AKAP10 gene are also provided. 
In particular methods, the detection or identi?cation of a G, 
C, or T nucleotide at position 2073 of the sense strand of the 
human AKAP10 gene coding sequence (see SEQ ID NO: 1), 
or the detection or identi?cation of a C, G or A nucleotide 
at the same position in the antisense strand of the human 
AKAP10 gene coding sequence, indicates the presence of an 
allelic variant. In these particular methods, the detection or 
identi?cation of anAnucleotide at position 2073 of the sense 
strand of the human AKAP10 gene coding sequence, or the 
detection or identi?cation of a T nucleotide at the same 
position in the antisense strand of the human AKAP10 gene 
coding sequence, indicates the absence of polymorphism. 

[0205] Other methods for determining the presence or 
absence of an allelic variant of the AKAP10 gene detect or 
identify a nucleotide other than a C at position 83587 of the 
SEQ ID NO: 17 or a nucleotide other than a G on the 
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complementary strand, a nucleotide other than a G at posi 
tion 129600 of the SEQ ID NO: 17 or a nucleotide other than 
a C on the complementary strand or a nucleotide other than 
T at position 156,277 of SEQ ID NO: 17 or a nucleotide 
other than A on the complementary strand. 

[0206] 1. Nucleic Acid Detection Methods 

[0207] Generally, these methods are based in sequence 
speci?c polynucleotides, oligonucleotides, probes and prim 
ers. Any method knoWn to those of skill in the art for 
detecting a speci?c nucleotide Within a nucleic acid 
sequence or for determining the identity of a speci?c nucle 
otide in a nucleic acid sequence is applicable to the methods 
of determining the presence or absence of an allelic variant 
of the AKAP10 gene. Such methods include, but are not 
limited to, techniques utiliZing nucleic acid hybridiZation of 
sequence-speci?c probes, nucleic acid sequencing, selective 
ampli?cation, analysis of restriction enZyme digests of the 
nucleic acid, cleavage of mismatched heteroduplexes of 
nucleic acid and probe, alterations of electrophoretic mobil 
ity, primer speci?c extension, oligonucleotide ligation assay 
and single-stranded conformation polymorphism analysis. 
In particular, primer extension reactions that speci?cally 
terminate by incorporating a dideoxynucleotide are useful 
for detection. Several such general nucleic acid detection 
assays are knoWn (see, e.g., US. Pat. No. 6,030,778). 

[0208] a. Primer Extension-Based methods 

[0209] Several primer extension-based methods for deter 
mining the identity of a particular nucleotide in a nucleic 
acid sequence have been reported (see, e.g., PCT Applica 
tion Nos. PCT/US96/03651 (WO96/29431), PCT/US97/ 
20444 (WO 98/20166), PCT/US97/20194 (WO 98/20019), 
PCT/US91/00046 (WO91/13075), and US. Pat. Nos. 5,547, 
835, 5,605,798, 5,622,824, 5,691,141, 5,872,003, 5,851,765, 
5,856,092, 5,900,481, 6,043,031, 6,133,436 and 6,197,498.) 
In general, a primer is prepared that speci?cally hybridiZes 
adjacent to a polymorphic site in a particular nucleic acid 
molecule. The primer is then extended in the presence of one 
or more dideoxynucleotides, typically With at least one of 
the dideoxynucleotides being the complement of the nucle 
otide that is polymorphic at the site. The primer and/or the 
dideoxynucleotides may be labeled to facilitate a determi 
nation of primer extension and identity of the extended 
nucleotide. In a preferred method, primer extension and/or 
the identity of the extended nucleotide(s) are determined by 
mass spectrometry (see, e.g., PCT Application Nos. PCT/ 
US96/03651 (WO96/29431), PCT Application No. PCT/ 
US97/20444 (WO 98/20166), PCT Application No. PCT/ 
US97/20194 (WO 98/20019), PCT Application No. PCT/ 
US91/00046 (WO91/13075), and US. Pat. Nos. 5,605,798, 
5,622,824, 5,856,092. 

[0210] b. Polymorphism-Speci?c Probe Hybridization 

[0211] A preferred detection method is allele speci?c 
hybridiZation using probes overlapping the polymorphic site 
and having about 5, 10, 15, 20, 25, or 30 nucleotides around 
the polymorphic region. The probes can contain naturally 
occurring or modi?ed nucleotides (see US. Pat. No. 6,156, 
501). For example, oligonucleotide probes may be prepared 
in Which the knoWn polymorphic nucleotide is placed cen 
trally (allele-speci?c probes) and then hybridiZed to target 
DNA under conditions Which permit hybridiZation only if a 
perfect match is found (Saiki et al., (1986) Nature 324:163; 
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Saiki et al. (1989) Proc. Natl. Acad. Sci USA 8616230; and 
Wallace et al. (1979) Nucl. Acids Res. 6:3543). Such allele 
speci?c oligonucleotide hybridiZation techniques may be 
used for the simultaneous detection of several nucleotide 
changes in different polymorphic regions. For example, 
oligonucleotides having nucleotide sequences of speci?c 
allelic variants are attached to a hybridiZing membrane and 
this membrane is then hybridiZed With labeled sample 
nucleic acid. Analysis of the hybridiZation signal Will then 
reveal the identity of the nucleotides of the sample nucleic 
acid. In a preferred embodiment, several probes capable of 
hybridiZing speci?cally to allelic variants are attached to a 
solid phase support, e.g., a “chip”. Oligonucleotides can be 
bound to a solid support by a variety of processes, including 
lithography. For example a chip can hold up to 250,000 
oligonucleotides (GeneChip, Affymetrix, Santa Clara, 
Calif.). Mutation detection analysis using these chips com 
prising oligonucleotides, also termed “DNAprobe arrays” is 
described e.g., in Cronin etal. (1996) Human Mutation 7:244 
and in KoZal et al. (1996) Nature Medicine 2:753. In one 
embodiment, a chip includes all the allelic variants of at least 
one polymorphic region of a gene. The solid phase support 
is then contacted With a test nucleic acid and hybridiZation 
to the speci?c probes is detected. Accordingly, the identity 
of numerous allelic variants of one or more genes can be 

identi?ed in a simple hybridiZation experiment. 

[0212] 

[0213] In other detection methods, it is necessary to ?rst 
amplify at least a portion of an AKAP gene prior to iden 
tifying the allelic variant. Ampli?cation can be performed, 
e.g., by PCR and/or LCR, according to methods knoWn in 
the art. In one embodiment, genomic DNA of a cell is 
exposed to tWo PCR primers and ampli?cation is performed 
for a number of cycles suf?cient to produce the required 
amount of ampli?ed DNA. In preferred embodiments, the 
primers are located betWeen 150 and 350 base pairs apart. 

c. Nucleic Acid Ampli?cation-Based Methods 

[0214] Alternative ampli?cation methods include: self 
sustained sequence replication (Guatelli, J. C. et al., 1990, 
Proc. Natl. Acad. Sci. USA. 87:1874-1878), transcriptional 
ampli?cation system (KWoh, D. Y. et al., 1989, Proc. Natl. 
Acad. Sci. USA. 86:1173-1177), Q-Beta Replicase (LiZ 
ardi, P. M. et al., 1988, Bio/Technology 611197), or any other 
nucleic acid ampli?cation method, folloWed by the detection 
of the ampli?ed molecules using techniques Well knoWn to 
those of skill in the art. These detection schemes are espe 
cially useful for the detection of nucleic acid molecules if 
such molecules are present in very loW numbers. 

[0215] Alternatively, allele speci?c ampli?cation technol 
ogy, Which depends on selective PCR ampli?cation may be 
used in conjunction With the alleles provided herein. Oligo 
nucleotides used as primers for speci?c ampli?cation may 
carry the allelic variant of interest in the center of the 
molecule (so that ampli?cation depends on differential 
hybridiZation) (Gibbs et al. (1989) Nucleic Acids Res. 
17:2437-2448) or at the extreme 3‘ end of one primer Where, 
under appropriate conditions, mismatch can prevent, or 
reduce polymerase extension (Prossner (1993) Tibtech 
11:238; NeWton et al. (1989) Nucl. Acids Res. 17:2503). In 
addition it may be desirable to introduce a restriction site in 
the region of the mutation to create cleavage-based detection 
(Gasparini et al. (1992) Mol. Cell Probes 6:1). 
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[0216] d. Nucleic Acid Sequencing-Based Methods 

[0217] In one embodiment, any of a variety of sequencing 
reactions knoWn in the art can be used to directly sequence 
at least a portion of an AKAP gene and to detect allelic 
variants, e.g., mutations, by comparing the sequence of the 
sample sequence With the corresponding Wild-type (control) 
sequence. Exemplary sequencing reactions include those 
based on techniques developed by Maxam and Gilbert 
(Proc. Natl. Acad. Sci. USA (1977) 741560) or Sanger 
(Sanger et al. (1977) Proc. Natl. Acad. Sci 7415463). It is 
also contemplated that any of a variety of automated 
sequencing procedures may be used When performing the 
subject assays (Biotechniques (1995) 191448), including 
sequencing by mass spectrometry (see, for example, US. 
Pat. Nos. 5,547,835, 5,691,141, and International PCT 
Application No. PCT/US94/00193 (WO 94/16101), entitled 
“DNA Sequencing by Mass Spectrometry” by H. Coaster; 
US. Pat. Nos. 5,547,835, 5,622,824, 5,851,765, 5,872,003, 
6,074,823, 6,140,053 and International PCT Application No. 
PCT/US94/02938 (WO 94/21822), entitled “DNA Sequenc 
ing by Mass Spectrometry Via Exonuclease Degradation” by 
H. Coaster), and US. Pat. Nos. 5,605,798, 6,043,031, 6,197, 
498, and International Patent Application No. PCT/US96/ 
03651 (WO 96/29431) entitled “DNA Diagnostics Based on 
Mass Spectrometry” by H. Coaster; Cohen et al. (1996) Adv 
Chromatogr 361127-162; and Grif?n et al. (1993) Appl 
Biochem Biotechnol 381147-159). It Will be evident to one 
skilled in the art that, for certain embodiments, the occur 
rence of only one, tWo or three of the nucleic acid bases need 
be determined in the sequencing reaction. For instance, 
A-track sequencing or an equivalent, e.g., Where only one 
nucleotide is detected, can be carried out. Other sequencing 
methods are knoWn (see, e.g., in US. Pat. No. 5,580,732 
entitled “Method of DNA sequencing employing a mixed 
DNA-polymer chain probe” and US. Pat. No. 5,571,676 
entitled “Method for mismatch-directed in vitro DNA 
sequencing”). 

[0218] 
[0219] In some cases, the presence of a speci?c allele in 
nucleic acid, particularly DNA, from a subject can be shoWn 
by restriction enZyme analysis. For example, a speci?c 
nucleotide polymorphism can result in a nucleotide 
sequence containing a restriction site Which is absent from 
the nucleotide sequence of another allelic variant. 

[0220] f. Mismatch Cleavage 

e. Restriction EnZyme Digest Analysis 

[0221] Protection from cleavage agents, such as, but not 
limited to, a nuclease, hydroxylamine or osmium tetroxide 
and With piperidine, can be used to detect mismatched bases 
in RNA/RNA DNA/DNA, or RNA/DNA heteroduplexes 
(Myers, et al. (1985) Science 23011242). In general, the 
technique of “mismatch cleavage” starts by providing het 
eroduplexes formed by hybridiZing a control nucleic acid, 
Which is optionally labeled, e.g., RNA or DNA, comprising 
a nucleotide sequence of an allelic variant With a sample 
nucleic acid, e.g, RNA or DNA, obtained from a tissue 
sample. The double-stranded duplexes are treated With an 
agent, Which cleaves single-stranded regions of the duplex 
such as duplexes formed based on basepair mismatches 
betWeen the control and sample strands. For instance, RNA/ 
DNA duplexes can be treated With RNase and DNA/DNA 
hybrids treated With S1 nuclease to enZymatically digest the 
mismatched regions. 
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[0222] In other embodiments, either DNA/DNA or RNA/ 
DNA duplexes can be treated With hydroxylamine or 
osmium tetroxide and With piperidine in order to digest 
mismatched regions. After digestion of the mismatched 
regions, the resulting material is then separated by siZe on 
denaturing polyacrylamide gels to determine Whether the 
control and sample nucleic acids have an identical nucle 
otide sequence or in Which nucleotides they differ (see, for 
example, Cotton et al. (1988) Proc. Natl Acad Sci USA 
8514397; Saleeba et al. (1992) Methods EnZymod. 2171286 
295). The control or sample nucleic acid is labeled for 
detection. 

[0223] g. Electrophoretic Mobility Alterations 

[0224] In other embodiments, alteration in electrophoretic 
mobility is used to identify the type of allelic variant in an 
AKAP gene. For example, single-strand conformation poly 
morphism (SSCP) may be used to detect differences in 
electrophoretic mobility betWeen mutant and Wild type 
nucleic acids (Orita et al. (1989) Proc. Natl. Acad. Sci. USA 
8612766, see also Cotton (1993) Mutat Res 2851125-144; 
and Hayashi (1992) Genet Anal Tech Appl 9173-79). Single 
stranded DNA fragments of sample and control nucleic acids 
are denatured and alloWed to renature. The secondary struc 
ture of single-stranded nucleic acids varies according to 
sequence, the resulting alteration in electrophoretic mobility 
enables the detection of even a single base change. The DNA 
fragments may be labeled or detected With labeled probes. 
The sensitivity of the assay may be enhanced by using RNA 
(rather than DNA), in Which the secondary structure is more 
sensitive to a change in sequence. In another preferred 
embodiment, the subject method uses heteroduplex analysis 
to separate double stranded heteroduplex molecules on the 
basis of changes in electrophoretic mobility (Keen et al. 
(1991) Trends Genet 715). 

[0225] h. Polyacrylamide Gel Electrophoresis 

[0226] In yet another embodiment, the identity of an 
allelic variant of a polymorphic region of an AKAP gene is 
obtained by analyZing the movement of a nucleic acid 
comprising the polymorphic region in polyacrylamide gels 
containing a gradient of denaturant is assayed using dena 
turing gradient gel electrophoresis (DGGE) (Myers et al. 
(1985) Nature 3131495). When DGGE is used as the method 
of analysis, DNA Will be modi?ed to ensure that it does not 
completely denature, for example by adding a GC clamp of 
approximately 40 bp of high-melting GC-rich DNA by PCR. 
In a further embodiment, a temperature gradient is used in 
place of a denaturing agent gradient to identify differences 
in the mobility of control and sample DNA (Rosenbaum and 
Reissner (1987) Biophys Chem 26511275). 

[0227] 
[0228] In another embodiment, identi?cation of the allelic 
variant is carried out using an oligonucleotide ligation assay 
(OLA), as described, e.g., in US. Pat. No. 4,998,617 and in 
Landegren, U. et al., Science 24111077-1080 (1988). The 
OLAprotocol uses tWo oligonucleotides Which are designed 
to be capable of hybridiZing to abutting sequences of a single 
strand of a target. One of the oligonucleotides is linked to a 
separation marker, e.g,. biotinylated, and the other is detect 
ably labeled. If the precise complementary sequence is 
found in a target molecule, the oligonucleotides Will hybrid 
iZe such that their termini abut, and create a ligation sub 

i. Oligonucleotide Ligation Assay (OLA) 
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strate. Ligation then permits the labeled oligonucleotide to 
be recovered using avidin, or another biotin ligand. Nick 
erson, D. A. et al. have described a nucleic acid detection 
assay that combines attributes of PCR and OLA (Nickerson, 
D. A. et al., Proc. Natl. Acad. Sci. (U.S.A.) 87:8923-8927 
(1990). In this method, PCR is used to achieve the expo 
nential ampli?cation of target DNA, Which is then detected 
using OLA. 

[0229] Several techniques based on this OLA method have 
been developed and can be used to detect speci?c allelic 
variants of a polymorphic region of a gene. For example, 
US. Pat. No. 5,593,826 discloses an OLA using an oligo 
nucleotide having 3‘-amino group and a 5‘-phosphorylated 
oligonucleotide to form a conjugate having a phosphorami 
date linkage. In another variation of OLA described in To be 
et al. (1996) Nucl. Acids Res. 24: 3728), OLA combined 
With PCR permits typing of tWo alleles in a single microtiter 
Well. By marking each of the allele-speci?c primers With a 
unique hapten, i.e. digoxigenin and ?uorescein, each OLA 
reaction can be detected by using hapten speci?c antibodies 
that are labeled With different enZyme reporters, alkaline 
phosphatase or horseradish peroxidase. This system permits 
the detection of the tWo alleles using a high throughput 
format that leads to the production of tWo different colors. 

[0230] j. SNP Detection Methods 

[0231] Also provided are methods for detecting single 
nucleotide polymorphisms. Because single nucleotide poly 
morphisms constitute sites of variation ?anked by regions of 
invariant sequence, their analysis requires no more than the 
determination of the identity of the single nucleotide present 
at the site of variation and it is unnecessary to determine a 
complete gene sequence for each patient. Several methods 
have been developed to facilitate the analysis of such single 
nucleotide polymorphisms. 

[0232] In one embodiment, the single base polymorphism 
can be detected by using a specialiZed exonuclease-resistant 
nucleotide, as disclosed, e.g., in Mundy, C. R. (US. Pat. No. 
4,656,127). According to the method, a primer complemen 
tary to the allelic sequence immediately 3‘ to the polymor 
phic site is permitted to hybridiZe to a target molecule 
obtained from a particular animal or human. If the polymor 
phic site on the target molecule contains a nucleotide that is 
complementary to the particular exonuclease-resistant 
nucleotide derivative present, then that derivative Will be 
incorporated onto the end of the hybridiZed primer. Such 
incorporation renders the primer resistant to exonuclease, 
and thereby permits its detection. Since the identity of the 
exonuclease-resistant derivative of the sample is knoWn, a 
?nding that the primer has become resistant to exonucleases 
reveals that the nucleotide present in the polymorphic site of 
the target molecule Was complementary to that of the 
nucleotide derivative used in the reaction. This method has 
the advantage that it does not require the determination of 
large amounts of extraneous sequence data. 

[0233] In another embodiment, a solution-based method 
for determining the identity of the nucleotide of a polymor 
phic site is employed (Cohen, D. et al. (French Patent 
2,650,840; PCT Application No. WO91/02087)). As in the 
Mundy method of US. Pat. No. 4,656,127, a primer is 
employed that is complementary to allelic sequences imme 
diately 3‘ to a polymorphic site. The method determines the 
identity of the nucleotide of that site using labeled dideoxy 
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nucleotide derivatives, Which, if complementary to the 
nucleotide of the polymorphic site Will become incorporated 
onto the terminus of the primer. 

[0234] k. Genetic Bit Analysis 

[0235] An alternative method, knoWn as Genetic Bit 
Analysis or GBATM is described by Goelet, et al. (US. Pat. 
No. 6,004,744, PCT Application No. 92/ 15712). The method 
of Goelet, et al. uses mixtures of labeled terminators and a 
primer that is complementary to the sequence 3‘ to a 
polymorphic site. The labeled terminator that is incorporated 
is thus determined by, and complementary to, the nucleotide 
present in the polymorphic site of the target molecule being 
evaluated. In contrast to the method of Cohen et al. (French 
Patent 2,650,840; PCT Application No. WO91/02087), the 
method of Goelet, et al. is preferably a heterogeneous phase 
assay, in Which the primer or the target molecule is immo 
biliZed to a solid phase. 

[0236] 1. Other Primer-Guided Nucleotide Incorporation 
Procedures 

[0237] Other primer-guided nucleotide incorporation pro 
cedures for assaying polymorphic sites in DNA have been 
described (Komher, J. S. et al., Nucl. Acids Res. 17:7779 
7784 (1989); Sokolov, B. P., Nucl. Acids Res. 18:3671 
(1990); Syvanen, A. C., et al., Genomics 8:684-692 (1990), 
KuppusWamy, M. N. et al., Proc. Natl. Acad. Sci. (U.S.A.) 
88:1143-1147 (1991); PreZant, T. R. et al., Hum. Mutat. 
1:159-164 (1992); UgoZZoli, L. et al., GATA 9:107-112 
(1992); Nyren, P. et al., Anal. Biochem. 208:171-175 
(1993)). These methods differ from GBATM in that they all 
rely on the incorporation of labeled deoxynucleotides to 
discriminate betWeen bases at a polymorphic site. In such a 
format, since the signal is proportional to the number of 
deoxynucleotides incorporated, polymorphisms that occur 
in runs of the same nucleotide can result in signals that are 
proportional to the length of the run (Syvanen, A. C., et al., 
Amer. J. Hum. Genet. 52:46-59 (1993)). 

[0238] For determining the identity of the allelic variant of 
a polymorphic region located in the coding region of a gene, 
yet other methods than those described above can be used. 
For example, identi?cation of an allelic variant Which 
encodes a mutated protein can be performed by using an 
antibody speci?cally recogniZing the mutant protein in, e. g., 
immunohistochemistry or immunoprecipitation. Binding 
assays are knoWn in the art and involve, e.g., obtaining cells 
from a subject, and performing binding experiments With a 
labeled lipid, to determine Whether binding to the mutated 
form of the protein differs from binding to the Wild-type 
protein. 
[0239] m. Molecular Structure Determination 

[0240] If a polymorphic region is located in an exon, either 
in a coding or non-coding region of the gene, the identity of 
the allelic variant can be determined by determining the 
molecular structure of the mRNA, pre-mRNA, or cDNA. 
The molecular structure can be determined using any of the 
above described methods for determining the molecular 
structure of the genomic DNA, e.g., sequencing and SSCP. 

[0241] n. Mass Spectrometric Methods 

[0242] Nucleic acids can also be analyZed by detection 
methods and protocols, particularly those that rely on mass 
spectrometry (see, e.g., US. Pat. Nos. 5,605,798, 6,043,031, 
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6,197,498, and International Patent Application No. WO 
96/29431, allowed co-pending U.S. application Ser. No. 
08/617,256, allowed co-pending U.S. application Ser. No. 
08/744,481, US. application Ser. No. 08/990,851, Interna 
tional PCT Application No. WO 98/20019). These methods 
can be automated (see, e.g., co-pending U.S. application Ser. 
No. 09/285,481, Which describes an automated process line). 
Preferred among the methods of analysis herein are those 
involving the primer oligo base extension (PROBE) reaction 
With mass spectrometry for detection (see e.g., US. Pat. 
Nos. 6,043,031 and 6,197,498, patent application Ser. Nos. 
09/287,681, 09/287,682, and 09/287,679, alloWed co-pend 
ing US. application Ser. No. 08/744,481, International PCT 
Application No. PCT/US97/20444 (WO 98/20166), and 
based upon U.S. Pat. Nos. 5,900,481, 6,024,925, 6,074,823, 
application Ser. Nos. 08/746,055, 08/786,988, 08/933,792, 
08/746,055, and 08/786,988; see, also US. application Ser. 
No. 09/074,936, and published International PCT Applica 
tion No. PCT/US97/20195 (WO 98/20020)). 

[0243] Apreferred format for performing the analyses is a 
chip based format in Which the biopolymer is linked to a 
solid support, such as a silicon or silicon-coated substrate, 
preferably in the form of an array. More preferably, When 
analyses are performed using mass spectrometry, particu 
larly MALDI, nanoliter volumes of sample are loaded on, 
such that the resulting spot is about, or smaller than, the siZe 
of the laser spot. It has been found that When this is achieved, 
the results from the mass spectrometric analysis are quan 
titative. The area under the peaks in the resulting mass 
spectra are proportional to concentration (When normaliZed 
and corrected for background). Methods for preparing and 
using such chips are described in US. Pat. No. 6,024,925, 
co-pending U.S. application Ser. Nos. 08/786,988, 09/364, 
774, 09/371,150 and 09/297,575; see, also PCT Application 
No. PCT/US97/20195 (WO 98/20020). Chips and kits for 
performing these analyses are commercially available from 
SEQUENOM under the trademark MassARRAYTM. Mas 
sARRAYTM relies on the ?delity of the enZymatic primer 
extension reactions combined With the miniaturiZed array 
and MALDI-TOF (Matrix-Assisted Laser Desorption Ion 
iZation-Time of Flight) mass spectrometry to deliver results 
rapidly. It accurately distinguishes single base changes in the 
siZe of DNA fragments relating to genetic variants Without 
tags. 

[0244] Multiplex methods alloW for the simultaneous 
detection of more than one polymorphic region in a particu 
lar gene. This is the preferred method for carrying out 
haplotype analysis of allelic variants of the AKAP10 gene. 

[0245] Multiplexing can be achieved by several different 
methodologies. For example, several mutations can be 
simultaneously detected on one target sequence by employ 
ing corresponding detector (probe) molecules (e.g., oligo 
nucleotides or oligonucleotide mimetics). The molecular 
Weight differences betWeen the detector oligonucleotides 
must be large enough so that simultaneous detection (mul 
tiplexing) is possible. This can be achieved either by the 
sequence itself (composition or length) or by the introduc 
tion of mass-modifying functionalities into the detector 
oligonucleotides (see beloW). 

[0246] Mass modifying moieties can be attached, for 
instance, to either the 5‘-end of the oligonucleotide, to the 
nucleobase (or bases), to the phosphate backbone, and to the 
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2‘-position of the nucleoside (nucleosides) and/or to the 
terminal 3‘-position. Examples of mass modifying moieties 
include, for example, a halogen, an aZido, or of the type, XR, 
Wherein X is a linking group and R is a mass-modifying 
functionality. The mass-modifying functionality can thus be 
used to introduce de?ned mass increments into the oligo 
nucleotide molecule. 

[0247] The mass-modifying functionality can be located at 
different positions Within the nucleotide moiety (see, e.g., 
US. Pat. No. 5,547,835 and International PCT Application 
No. WO 94/21822). For example, the mass-modifying moi 
ety, M, can be attached either to the nucleobase, (in case of 
the C7-deaZanucleosides also to C-7), to the triphosphate 
group at the alpha phosphate or to the 2‘-position of the sugar 
ring of the nucleoside triphosphate. Modi?cations intro 
duced at the phosphodiester bond, such as With alpha-thio 
nucleoside triphosphates, have the advantage that these 
modi?cations do not interfere With accurate Watson-Crick 
base-pairing and additionally alloW for the one-step post 
synthetic site-speci?c modi?cation of the complete nucleic 
acid molecule e.g., via alkylation reactions (see, e.g., Naka 
maye et al. (1988) Nucl. Acids Res. 16:9947-59). Particu 
larly preferred mass-modifying functionalities are boron 
modi?ed nucleic acids since they are better incorporated into 
nucleic acids by polymerases (see, e.g., Porter et al. (1995) 
Biochemistry 34:11963-11969; Hasan et al. (1996) Nucleic 
Acids Res. 24:2150-2157; Li et al. (1995) Nucl. Acids Res. 
23:4495-4501). 
[0248] Furthermore, the mass-modifying functionality can 
be added so as to affect chain termination, such as by 
attaching it to the 3‘-position of the sugar ring in the 
nucleoside triphosphate. For those skilled in the art, it is 
clear that many combinations can be used in the methods 
provided herein. In the same Way, those skilled in the art Will 
recogniZe that chain-elongating nucleoside triphosphates 
can also be mass-modi?ed in a similar fashion With numer 
ous variations and combinations in functionality and attach 
ment positions. 

[0249] For example, Without being bound to any particular 
theory, the mass-modi?cation can be introduced for X in XR 
as Well as using oligo-/polyethylene glycol derivatives for R. 
The mass-modifying increment in this case is 44, ie 
?ve different mass-modi?ed species can be generated by just 
changing m from 0 to 4 thus adding mass units of 45 (m=0), 
89 (m=1), 133 (m=2), 177 (m=3) and 221 (m=4) to the 
nucleic acid molecule (e.g., detector oligonucleotide (D) or 
the nucleoside triphosphates, respectively). The oligo/poly 
ethylene glycols can also be monoalkylated by a loWer alkyl 
such as, but are not limited to, methyl, ethyl, propyl, 
isopropyl and t-butyl. Other chemistries can be used in the 
mass-modi?ed compounds (see, e.g., those described in 
Oligonucleotides and Analogues, A Practical Approach, F. 
Eckstein, editor, IRL Press, Oxford, 1991). 

[0250] In yet another embodiment, various mass-modify 
ing functionalities, R, other than oligo/polyethylene glycols, 
can be selected and attached via appropriate linking chem 
istries, X. A simple mass-modi?cation can be achieved by 
substituting H for halogens, such as F, Cl, Br and/or 1, or 
pseudohalogens such as CN, SCN, NCS, or by using dif 
ferent alkyl, aryl or aralkyl moieties such as methyl, ethyl, 
propyl, isopropyl, t-butyl, hexyl, phenyl, substituted phenyl, 
benZyl, or functional groups such as CHZF, CHF2, CF3, 
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Si(CH3)3> Si(CH3)2(C2H5)> Si(CH3)(C2H5)2> Si(C2H5)3- Yet 
another mass-modi?cation can be obtained by attaching 
homo- or heteropeptides through the nucleic acid molecule 
(e.g., detector or nucleoside triphosphates). One 
example, useful in generating mass-modi?ed species With a 

mass increment of 57, is the attachment of oligoglycines to nucleic acid molecules (r), e.g., mass-modi?cations of 74 

(r=1, m=0), 131 (r=1, m=1), 188 (r=1, m=2), 245 (r=1, m=3) 
are achieved. Simple oligoamides also can be used, e.g., 
mass-modi?cations of 74 (r=1, m=0), 88 (r=2, m=0), 102 
(r=3, m=0), 116 (r=4, m=0), etc. are obtainable. Variations in 
additions to those set forth herein Will be apparent to the 
skilled artisan. 

[0251] Different mass-modi?ed detector oligonucleotides 
can be used to simultaneously detect all possible variants/ 
mutants simultaneously. Alternatively, all four base permu 
tations at the site of a mutation can be detected by designing 
and positioning a detector oligonucleotide, so that it serves 
as a primer for a DNA/RNA polymerase With varying 
combinations of elongating and terminating nucleoside 
triphosphates. For example, mass modi?cations also can be 
incorporated during the ampli?cation process. 

[0252] A different multiplex detection format is one in 
Which differentiation is accomplished by employing differ 
ent speci?c capture sequences Which are position-speci? 
cally immobiliZed on a ?at surface (e.g., a ‘chip array’). If 
different target sequences T1-Tn are present, their target 
capture sites TCS1-TCSn Will speci?cally interact With 
complementary immobiliZed capture sequences C1-Cn. 
Detection is achieved by employing appropriately mass 
differentiated detector oligonucleotides D1-Dn, Which are 
mass modifying functionalities M1-Mn. 

[0253] o. Other Methods 

[0254] Additional methods of analyZing nucleic acids 
include ampli?cation-based methods including polymerase 
chain reaction (PCR), ligase chain reaction (LCR), mini 
PCR, rolling circle ampli?cation, autocatalytic methods, 
such as those using OJ replicase, TAS, 3SR, and any other 
suitable method knoWn to those of skill in the art. 

[0255] Other methods for analysis and identi?cation and 
detection of polymorphisms, include but are not limited to, 
allele speci?c probes, Southern analyses, and other such 
analyses. 

[0256] 2. Primers, Probes and Antisense Nucleic Acid 
Molecules 

[0257] Primers refer to nucleic acids Which are capable of 
speci?cally hybridiZing to a nucleic acid sequence Which is 
adjacent to a polymorphic region of interest or to a poly 
morphic region and are extended. A primer can be used 
alone in a detection method, or a primer can be used together 
With at least one other primer or probe in a detection method. 
Primers can also be used to amplify at least a portion of a 
nucleic acid. For amplifying at least a portion of a nucleic 
acid, a forWard primer (i.e., 5‘ primer) and a reverse primer 
(i.e., 3‘ primer) Will preferably be used. ForWard and reverse 
primers hybridiZe to complementary stands of a double 
stranded nucleic acid, such that upon extension from each 
primer, a double stranded nucleic acid is ampli?ed. 

[0258] Probes refer to nucleic acids Which hybridiZe to the 
region of interest and Which are not further extended. For 
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example, a probe is a nucleic acid Which hybridiZes adjacent 
to or at a polymorphic region of an AKAP gene and Which 
by hybridiZation or absence of hybridiZation to the DNA of 
a subject Will be indicative of the identity of the allelic 
variant of the polymorphic region of the gene. Preferred 
probes have a number of nucleotides suf?cient to alloW 
speci?c hybridiZation to the target nucleotide sequence. 
Where the target nucleotide sequence is present in a large 
fragment of DNA, such as a genomic DNA fragment of 
several tens or hundreds of kilobases, the siZe of a probe may 
have to be longer to provide suf?ciently speci?c hybridiZa 
tion, as compared to a probe Which is used to detect a target 
sequence Which is present in a shorter fragment of DNA. For 
example, in some diagnostic methods, a portion of an AKAP 
gene may ?rst be ampli?ed and thus isolated from the rest 
of the chromosomal DNA and then hybridiZed to a probe. In 
such a situation, a shorter probe Will likely provide suf?cient 
speci?city of hybridiZation. For example, a probe having a 
nucleotide sequence of about 10 nucleotides may be suf? 
cient. 

[0259] Primers and probes (RNA, DNA (single-stranded 
or double-stranded), PNA and their analogs) described 
herein may be labeled With any detectable reporter or signal 
moiety including, but not limited to radioisotopes, enZymes, 
antigens, antibodies, spectrophotometric reagents, chemilu 
minescent reagents, ?uorescent and any other light produc 
ing chemicals. Additionally, these probes may be modi?ed 
Without changing the substance of their purpose by terminal 
addition of nucleotides designed to incorporate restriction 
sites or other useful sequences, proteins, signal generating 
ligands such as acridinium esters, and/or paramagnetic par 
ticles. 

[0260] These probes may also be modi?ed by the addition 
of a capture moiety (including, but not limited to para 
magnetic particles, biotin, ?uorescein, dioxigenin, antigens, 
antibodies) or attached to the Walls of microtiter trays to 
assist in the solid phase capture and puri?cation of these 
probes and any DNA or RNA hybridiZed to these probes. 
Fluorescein may be used as a signal moiety as Well as a 
capture moiety, the latter by interacting With an anti-?uo 
rescein antibody. 
[0261] Any probe, primer or antisense molecule can be 
prepared according to methods Well knoWn in the art and 
described, e.g., in Sambrook, J. Fritsch, E. F., and Maniatis, 
T. (1989(Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY. 
For example, discrete fragments of the DNAcan be prepared 
and cloned using restriction enZymes. Alternatively, probes 
and primers can be prepared using the Polymerase Chain 
Reaction (PCR) using primers having an appropriate 
sequence. 

[0262] Oligonucleotides may be synthesiZed by standard 
methods knoWn in the art, eg by use of an automated DNA 
synthesiZer (such as are commercially available from Bio 
search (Novato, Calif.); Applied Biosystems (Foster City, 
Calif.) and other methods). As examples, phosphorothioate 
oligonucleotides may be synthesiZed by the method of Stein 
et al. (1988, Nucl. Acids Res. 16:3209), methylphosphonate 
oligonucleotides, for example, can be prepared by use of 
controlled pore glass polymer supports (Sarin et al., 1988, 
Proc. Natl. Acad. Sci. USA. 85:7448-7451). 

[0263] Probes and primers used in the methods of detect 
ing allelic variants in human AKAP10 genes are of suf?cient 
































