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sequences of KV6.2, antibodies to KV6.2, methods of detect 
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sium channel activators and inhibitors using biologically 
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KV6.2, A VOLTAGE-GATED POTASSIUM 
CHANNEL SUBUNIT 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Ser. No. 
60/091,466, ?led Jul. 1, 1998, herein incorporated by ref 
erence in its entirety. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

[0002] Not applicable. 

FIELD OF THE INVENTION 

[0003] The invention provides isolated nucleic acid and 
amino acid sequences of Kv6.2, antibodies to Kv6.2, meth 
ods of detecting Kv6.2, methods of screening for voltage 
gated potassium channel activators and inhibitors using 
biologically active Kv6.2, and kits for screening for activa 
tors and inhibitors of voltage gated potassium channels 
comprising Kv6.2. 

BACKGROUND OF THE INVENTION 

[0004] Potassium channels are involved in a number of 
physiological processes, including regulation of heartbeat, 
dilation of arteries, release of insulin, excitability of nerve 
cells, and regulation of renal electrolyte transport. Potassium 
channels are thus found in a Wide variety of animal cells 
such as nervous, muscular, glandular, immune, reproductive, 
and epithelial tissue. These channels alloW the How of 
potassium in and/or out of the cell under certain conditions. 
For example, the outWard How of potassium ions upon 
opening of these channels makes the interior of the cell more 
negative, counteracting depolariZing voltages applied to the 
cell. These channels are regulated, e.g., by calcium sensi 
tivity, voltage-gating, second messengers, extracellular 
ligands, and ATP-sensitivity. 

[0005] Potassium channels are made by alpha subunits 
that fall into 8 families, based on predicted structural and 
functional similarities (Wei et al., Nearopharmacology 
35(7)1805-829 (1997)). Three of these families (Kv, Eag 
related, and KQT) share a common motif of six transmem 
brane domains and are primarily gated by voltage. TWo other 
families, CNG and SK/IK, also contain this motif but are 
gated by cyclic nucleotides and calcium, respectively. The 
three other families of potassium channel alpha subunits 
have distinct patterns of transmembrane domains. Slo family 
potassium channels, or BK channels have seven transmem 
brane domains (Meera et al., Proc. Natl. Acad. Sci. USA. 
94(25)114066-71 (1997)) and are gated by both voltage and 
calcium or pH (Schreiber et al.,J. Biol. Chem. 27313509-16 
(1998)). Another family, the inWard recti?er potassium 
channels (Kir), belong to a structural family containing 2 
transmembrane domains (see, e.g., Lagrutta et al., Jpn. 
Heart. J. 371651-660 1996)), and an eighth functionally 
diverse family (TP, or “tWo-pore”) contains 2 tandem repeats 
of this inWard recti?er motif. 

[0006] Potassium channels are typically formed by four 
alpha subunits, and can be homomeric (made of identical 
alpha subunits) or heteromeric (made of tWo or more distinct 
types of alpha subunits). In addition, potassium channels 
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made from Kv, KQT and S10 or BK subunits have often been 
found to contain additional, structurally distinct auxiliary, or 
beta, subunits. These beta subunits do not form potassium 
channels themselves, but instead they act as auxiliary sub 
units to modify the functional properties of channels formed 
by alpha subunits. For example, the Kv beta subunits are 
cytoplasmic and are knoWn to increase the surface expres 
sion of Kv channels and/or modify inactivation kinetics of 
the channel (Heinemann et al., J. Physiol. 4931625-633 
(1996); Shi et al.,Nearon 16(4)1843-852 (1996)). In another 
example, the KQT family beta subunit, minK, primarily 
changes activation kinetics (Sanguinetti et al., Nature 
384180-83 (1996)). 

[0007] The Kv superfamily of voltage-gated potassium 
channels includes both heteromeric and homomeric chan 
nels that are typically composed of four subunits (see, e.g., 
Salinas et al.,J. Biol. Chem. 27218774-8780 (1997); Salinas 
et al., J. Biol. Chem 272124371-24379 (1997); Post et al., 
FEBS Letts. 3991177-182 (1996)). Voltage-gated potassium 
channels have been found in a Wide variety of tissues and 
cell types and are involved in processes such as neuronal 
integration, cardiac pacemaking, muscle contraction, hor 
mone section, cell volume regulation, lymphocyte differen 
tiation, and cell proliferation (see, e.g., Salinas et al.,J. Biol. 
Chem. 39124371-24379 (1997)). Some alpha subunits of the 
Kv superfamily, of Which the channels are composed, have 
been cloned and expressed, e.g., Kv5.1, Kv6.1 (DreWe et al., 
J. Neurosci. 121538-548 (1992); Post et al., FEBS Letts. 
399:177-182 (1996)); Kv8.1 (Hugnot et al., EMBO J. 
1513322-3331 (1996)); and Kv9.1 and 9.2 (Salinas et al., J. 
Biol. Chem. 39124371-24379 (1997)). Expression patterns of 
some of these genes has also been examined (see, e.g., 
Verma-Kurvari et al., Mol. Brain. Res. 46154-62 (1997); 
Maletic-Savatic et al.,J. Neurosci. 1513840-3851 (1995); Du 
et al., Neurosci. 84137-48 (1998)). 

SUMMARY OF THE INVENTION 

[0008] The present invention thus provides for the ?rst 
time Kv6.2, a polypeptide monomer that is an alpha subunit 
of an heteromeric voltage-gated potassium channel. Kv6.2 
has not been previously cloned or identi?ed, and the present 
invention provides the nucleotide and amino acid sequences 
for mouse and human Kv6.2. 

[0009] In one aspect, the present invention provides an 
isolated nucleic acid encoding a polypeptide monomer com 
prising an alpha subunit of a heteromeric potassium channel, 
the polypeptide monomer1 having the ability to form, 
With at least one additional Kv alpha subunit, a heteromeric 
potassium channel having the characteristic of voltage gat 
ing; (ii) having a monomer subunit association region that 
has greater than 70% amino acid sequence identity to a 
Kv6.2 subunit association region; and (iii) speci?cally bind 
ing to polyclonal antibodies generated against SEQ ID NO11 
or SEQ ID NO117. 

[0010] In one aspect, the present invention provides an 
isolated nucleic acid encoding a polypeptide monomer com 
prising an alpha subunit of a heteromeric potassium channel, 
the polypeptide monomer1 having the ability to form, 
With at least one additional Kv alpha subunit, a heteromeric 
potassium channel having the characteristic of voltage gat 
ing; (ii) having an S4-S6 region that has greater than 85% 
amino acid sequence identity to a Kv6.2 S4-S6 region; and 
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(iii) speci?cally binding to polyclonal antibodies generated 
against SEQ ID NO:1 or SEQ ID NO:17. 

[0011] In one embodiment, the nucleic acid encodes 
mouse or human Kv6.2. In another embodiment, the nucleic 
acid encodes SEQ ID NO:1 or SEQ ID NO:17. In another 
embodiment, the nucleic acid has a nucleotide sequence of 
SEQ ID NO:2 or SEQ ID NO:18. 

[0012] In one embodiment, the nucleic acid is ampli?ed 
by primers that selectively hybridiZe under stringent hybrid 
iZation conditions to the same sequence as the primer sets 
selected from the group consisting of: 

ATGCCCATGTCTTCCAGAGACAGG, ( SEQ ID NO : 3 ) 

GATGTCTAGAGGGAGTTACATGTAGCG ( SEQ ID NO : 4 ) 
and 

GGCACTACGCATCCTCTACGTAATGCGC , ( SEQ ID NO :5 ) 

GATGATGGCCCACCAATAGGATGCGG ( SEQ ID NO : 6 ) 
and 

ATGCCCATGCCTTCCAGAGACGG , ( SEQ ID NO : 7 ) 

TTACATGTGCATGATAGGCAAGGCTG ( SEQ ID NO : 8 ) 
and 

GTCCAGGCCCAAGACAAGTGTCAG, ( SEQ ID NO : 9 ) 

GGGAGAAGGTGTGGAAGATAGACG. (SEQ ID NO:10) 

[0013] In one embodiment, the nucleic acid encodes a 
polypeptide monomer having a molecular Weight of betWeen 
about 53 kDa to about 65 kDa. In one embodiment, the 
nucleic acid selectively hybridiZes under moderately strin 
gent hybridiZation conditions to a nucleotide sequence of 
SEQ ID NO:2 or SEQ ID NO:18. 

[0014] In another aspect, the present invention provides an 
isolated nucleic acid encoding a polypeptide monomer, 
Wherein the nucleic acid speci?cally hybridiZes under highly 
stringent conditions to SEQ ID NO:2 or SEQ ID NO:18. 

[0015] In another aspect, the present invention provides an 
isolated polypeptide monomer comprising an alpha subunit 
of a heteromeric potassium channel, the potassium channel: 
(i) having the ability to form, With at least one additional Kv 
alpha subunit, a heteromeric potassium channel having the 
characteristic of voltage gating; (ii) having a monomer 
subunit association region that has greater than 70% amino 
acid sequence identity to amino acids a Kv6.2 subunit 
association region; and (iv) speci?cally binding to poly 
clonal antibodies generated against SEQ ID NO:1 or SEQ 
ID NO:17. 

[0016] In another aspect, the present invention provides an 
isolated polypeptide monomer comprising an alpha subunit 
of a heteromeric potassium channel, the potassium channel: 
(i) having the ability to form, With at least one additional Kv 
alpha subunit, a heteromeric potassium channel having the 
characteristic of voltage gating; (ii) having an S4-S6 region 
that has greater than 85% amino acid sequence identity to a 
Kv6.2 S4-S6 region; and (iv) speci?cally binding to poly 
clonal antibodies generated against SEQ ID NO:1 or SEQ 
ID NO:17. 

[0017] In one embodiment, the polypeptide monomer has 
an amino acid sequence of mouse or human Kv6.2. In 
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another embodiment, the polypeptide monomer has an 
amino acid sequence of SEQ ID NO:1 or SEQ ID NO:17. 

[0018] In another aspect, the present invention provides an 
antibody that selectively binds to the polypeptide monomer 
described above. 

[0019] In another aspect, the present invention provides an 
expression vector comprising the nucleic acid encoding the 
polypeptide monomer described above. 

[0020] In another aspect, the present invention provides a 
host cell transfected With the expression vector described 
above. 

[0021] In another aspect, the present invention provides a 
method for identifying a compound that increases or 
decreases ion ?ux through an voltage-gated potassium chan 
nel, the method comprising the steps of: contacting the 
compound With a eukaryotic host cell or cell membrane in 
Which has been expressed a polypeptide monomer compris 
ing an alpha subunit of a heteromeric potassium channel, the 
polypeptide monomer: (a) having the ability to form, With at 
least one additional Kv alpha subunit, a heteromeric potas 
sium channel having the characteristic of voltage gating; (b) 
having a monomer subunit association region that has 
greater than 70% amino acid sequence identity to a Kv6.2 
subunit association region; and (c) speci?cally binding to 
polyclonal antibodies generated against SEQ ID NO:1 or 
SEQ ID NO:17; and (ii) determining the functional effect of 
the compound upon the cell or cell membrane expressing the 
potassium channel. 

[0022] In another aspect, the present invention provides a 
method for identifying a compound that increases or 
decreases ion ?ux through an voltage-gated potassium chan 
nel, the method comprising the steps of: contacting the 
compound With a eukaryotic host cell or cell membrane in 
Which has been expressed a polypeptide monomer compris 
ing an alpha subunit of a heteromeric potassium channel, the 
polypeptide monomer: (a) having the ability to form, With at 
least one additional Kv alpha subunit, a heteromeric potas 
sium channel having the characteristic of voltage gating; (b) 
having an S4-S6 region that has greater than 85% amino acid 
sequence identity to a Kv6.2 S4-S6 region as measured 
using a sequence comparison algorithm; and (c) speci?cally 
binding to polyclonal antibodies generated against SEQ ID 
NO:1 or SEQ ID NO:17; and (ii) determining the functional 
effect of the compound upon the cell or cell membrane 
expressing the potassium channel. 

[0023] In one embodiment, the increased or decreased ?ux 
of ions is determined by measuring changes in current or 
voltage. In another embodiment, the polypeptide monomer 
polypeptide is recombinant. 

[0024] In another embodiment, the present invention pro 
vides a method of detecting the presence of Kv6.2 in 

mammalian tissue, the method comprising the steps of: isolating a biological sample; (ii) contacting the biological 

sample With a Kv6.2-speci?c reagent that selectively asso 
ciates With Kv6.2; and, (iii) detecting the level of Kv6.2 
speci?c reagent that selectively associates With the sample. 

[0025] In one embodiment, the Kv6.2-speci?c reagent is 
selected from the group consisting of: Kv6.2 speci?c anti 
bodies, Kv6.2 speci?c oligonucleotide primers, and Kv6.2 
nucleic acid probes. In another embodiment, the sample is 
from a human. 
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[0026] In another aspect, the present invention provides, in 
a computer system, a method of screening for mutations of 
Kv6.2 genes, the method comprising the steps of: enter 
ing into the computer a ?rst nucleic acid sequence encoding 
an voltage-gated potassium channel protein having a nucle 
otide sequence of SEQ ID NO:2 or SEQ ID NO:18, and 
conservatively modi?ed versions thereof; (ii) comparing the 
?rst nucleic acid sequence With a second nucleic acid 
sequence having substantial identity to the ?rst nucleic acid 
sequence; and (iii) identifying nucleotide differences 
betWeen the ?rst and second nucleic acid sequences. 

[0027] In one embodiment, the second nucleic acid 
sequence is associated With a disease state. 

[0028] In another aspect, the present invention provides, in 
a computer system, a method for identifying a three-dimen 
sional structure of Kv6.2 polypeptides, the method compris 
ing the steps of: entering into the computer system an 
amino acid sequence of at least 25 amino acids of a 
potassium channel monomer or at least 75 nucleotides of a 
gene encoding the polypeptide, the polypeptide having an 
amino acid sequence of SEQ ID NO:1 or SEQ ID NO:17, 
and conservatively modi?ed versions thereof; and (ii) gen 
erating a three-dimensional structure of the polypeptide 
encoded by the amino acid sequence. 

[0029] In one embodiment, the amino acid sequence is a 
primary structure and Wherein said generating step includes 
the steps of: forming a secondary structure from said 
primary structure using energy terms determined by the 
primary structure; and (ii) forming a tertiary structure from 
said secondary structure using energy terms determined by 
said secondary structure. In another embodiment, the gen 
erating step includes the step of forming a quaternary 
structure from said tertiary structure using anisotropic terms 
determined by the tertiary structure. In another embodiment, 
the methods further comprises the step of identifying regions 
of the three-dimensional structure of the protein that bind to 
ligands and using the regions to identify ligands that bind to 
the protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1. Amino acid alignment of the human and 
mouse Kv6.2 genes. Identical residues are shaded and gaps 
in the alignment are indicated by dashes. Amino acid residue 
numbers are given at the left margin. Human and mouse 
Kv6.2 are 80% identical overall on the amino acid level. 

[0031] FIG. 2. Expression of Kv6.2 genes in Xenopus 
oocytes. (A) Currents recorded from an ooycte injected With 
cRNA from the mouse Kv6.2 gene. Voltage steps used Were 
from a resting potential of —90 mV and ranged from —80 mV 
to +20 mV in 20 mV increments. Neither mouse or human 
Kv6.2 gave rise to outWard voltage-gated potassium currents 
under these conditions. (B-D) Currents recorded from 
oocytes injected With cRNA for the human Kv2.1 gene alone 
(B), for a coinjection With human Kv2.1 and mouse Kv6.2 
(C), and for a coinjection of human Kv2.1 and human 
Kv6.2; Identical voltage steps Were applied to each egg. 
Resting potential in each case Was —90 mV and the voltage 
steps ranged from —80 mV to +20 mV in 20 mV increments. 
Note both Kv6.2/Kv2.1 heteromers activate at more hyper 
polariZed voltages than Kv2.1 homomers. Also note that the 
deactivation of the heteromers is much sloWer than that seen 
for Kv2.1 homomers. The amount of Kv2.1 cRNA used in 
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(B) Was one eighth of that used in (C) and Both Kv6.2 
genes consistently cause a reduction in the siZe of the Kv2.1 
current. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. Introduction 

[0032] The present invention provides for the ?rst time a 
nucleic acid encoding Kv6.2, identi?ed and cloned from 
mouse and human tissue. This polypeptide monomer is a 
member of the “Kv” superfamily of potassium channel 
monomers. Members of this family are polypeptide mono 
mers that are subunits of voltage-gated potassium channels 
having six transmembrane regions (K=potassium, v=volt 
age-gated). Voltage-gated potassium channels have signi? 
cant roles in maintaining the resting potential and in con 
trolling excitability of a cell. 

[0033] The invention also provides methods of screening 
for activators and inhibitors of voltage-gated potassium 
channels that contain a Kv6.2 subunit. Such modulators of 
voltage-gated channel activity are useful for treating CNS 
disorders such as migraines, hearing and vision problems, 
psychotic disorders, seiZures, and as neuroprotective agents 
(e.g., to prevent stroke). 

[0034] Furthermore, the invention provides assays for 
Kv6.2 activity Where Kv6.2 acts as a direct or indirect 
reporter molecule. Such uses of Kv6.2 as a reporter mol 
ecule in assay and detection systems have broad applica 
tions, e.g., Kv6.2 can be used as a reporter molecule to 
measure changes in potassium concentration, membrane 
potential, current ?oW, ion ?ux, transcription, signal trans 
duction, receptor-ligand interactions, second messenger 
concentrations, in vitro, in vivo, and ex vivo. In one embodi 
ment, Kv6.2 can be used as an indicator of current How in 
a particular direction (e.g., outWard or inWard potassium 
?oW), and in another embodiment, Kv6.2 can be used as an 
indirect reporter via attachment to a second reporter mol 
ecule such as green ?uorescent protein. 

[0035] Finally, the invention provides for methods of 
detecting Kv6.2 nucleic acid and protein expression, alloW 
ing investigation of the channel diversity provided by Kv6.2 
and the regulation/modulation of heteromeric channel activ 
ity provided by Kv6.2, as Well as diagnosis of disease 
involving abnormal ion ?ux, including diagnosis of CNS 
disease such as migraines, hearing and vision problems, 
seiZures and psychotic disorders. 

[0036] Functionally, Kv6.2 is an alpha subunit of an 
voltage-gated potassium channel. Typically, such voltage 
gated channels are heteromeric or homomeric and contain 
four subunits or monomers each With six transmembrane 
domains. Voltage-gated potassium channels comprising 
Kv6.2 are typically heteromeric and may contain one or 
more subunits of Kv6.2 along With one or more other 
subunits from the Kv superfamily, e.g., Kv 2.1 and Kv 2.2. 
The presence of Kv6.2 in an voltage-gated potassium chan 
nel modulates the activity of the heteromeric channel and 
thus enhances channel diversity. For example, When Kv6.2 
associates With another monomer, the resulting channel may 
have a distinct single channel conductance as Well as altered 
kinetic properties, e.g., changes in activation or inactivation 
rates and changes in voltages and thresholds for activation. 
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For example, FIG. 2 shows a hyperpolariZed shift in acti 
vation voltages by about 20 mV, and a dramatic slowing of 
deactivation in channels comprising Kv6.2 and Kv2.1 as 
compared to channels comprising only Kv2.1. Channel 
diversity is also enhanced With alternatively spliced forms of 
Kv6.2. 

[0037] Structurally, the nucleotide sequence of mouse 
Kv6.2 (SEQ ID NO:2 encodes a polypeptide monomer of 
approximately 506 amino acids With a predicted molecular 
Weight of approximately 58 kDa (SEQ ID NO:1) and a 
predicted range of 53-63 kDa. The nucleotide sequence of 
human Kv6.2 (SEQ ID NO:18) encodes a polypeptide 
monomer of approximately 519 amino acids With a pre 
dicted molecular Weight of approximately 60 kDa (SEQ ID 
NO:17) and a predicted range of 55-65 kDa. In particular, 
the amino acid sequence of Kv6.2 has a “subunit associa 
tion” region (approximately amino acids 70 to 182, see, e.g., 
amino acids 70-182 of SEQ ID NO: 1, mouse Kv6.2) that has 
a conserved amino acid sequence. Related Kv6.2 genes from 
other species and/or Kv6 family members share at least 
about 70% amino acid identity in this region. The amino acid 
sequence of Kv6.2 also has a conserved S4-S6 region 
(approximately amino acids 326466, see, e.g., amino acids 
326466 of SEQ ID NO 1, mouse Kv6.2). Related Kv6.2 
genes from other species and/or Kv6 family members share 
at least about 85% amino acid identity in this region. 

[0038] The present invention also provide polymorphic 
variants of the Kv6.2 depicted in SEQ ID N011: variant #1, 
in Which a aspartate residue is substituted for the glutamate 
residue at amino acid position 484; variant #2, in Which a 
valine residue is substituted for the leucine residue at amino 
acid position 174; and variant #3, in Which a serine residue 
is substituted for the alanine residue at amino acid position 
195. 

[0039] The present invention also provide polymorphic 
variants of the Kv6.2 depicted in SEQ ID NO: 17: variant #1, 
in Which a leucine residue is substituted for the methionine 
residue at amino acid position 501; variant #2, in Which a 
serine residue is substituted for the alanine residue at amino 
acid position 148; variant #3, in Which a valine residue is 
substituted for the isoleucine residue at amino acid position 
508; and variant #4, in Which a phenylalanine residue is 
substituted for the tyrosine residue at amino acid position 17. 

[0040] Speci?c regions of the Kv6.2 nucleotide and amino 
acid sequence may be used to identify polymorphic variants, 
interspecies homologs, and alleles of Kv6.2. This identi? 
cation can be made in vitro, e.g., under stringent hybridiZa 
tion conditions and sequencing, or by using the sequence 
information in a computer system for comparison With other 
nucleotide sequences, or using antibodies raised against 
Kv6.2. Typically, identi?cation of polymorphic variants and 
alleles of Kv6.2 is made by comparing the amino acid 
sequence (or the nucleic acid sequenc encoding the amino 
acid sequence) of the subunit association region (approxi 
mately amino acids 70-182 of mouse Kv6.2, see SEQ ID 
NO:1 for example) or the S4-S6 region (approximately 
amino acids 326-466 of mouse Kv6.2, see SEQ ID NO:1 for 
example). Amino acid identity of approximately at least 
70% or above, preferably 80%, 85%, most preferably 
90-95% or above in the subunit association region or the 
S4-S6 region typically demonstrates that a protein is a 
polymorphic variant, interspecies homolog, or allele of 
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Kv6.2. Sequence comparison can be performed using any of 
the sequence comparison algorithms discussed beloW. Anti 
bodies that bind speci?cally to the subunit association region 
of Kv6.2 can also be used to identify alleles, interspecies 
homologs, and polymorphic variants. 

[0041] Polymorphic variants, interspecies homologs, and 
alleles of Kv6.2 are con?rmed by co-expressing the putative 
Kv6.2 polypeptide monomer and examining Whether the 
monomer forms a heteromeric voltage-gated potassium 
channel, When co-expressed With another member of the Kv 
family such as Kv 2.1 or 2.2. This assay is used to demon 
strate that a protein having about 70% or greater, preferably 
75, 80, 85, 90, or 95% or greater amino acid identity to the 
“subunit association” region of Kv6.2 shares the same 
functional characteristics as Kv6.2 and is therefore a species 
of Kv6.2. This assay is also used to demonstrate that a 
protein having about 85% or greater, preferably 90%, 95% 
or greater amino acid identity to the “S4-S6” region of 
Kv6.2 shares the same functional characteristics as Kv6.2 
and is therefore a species of Kv6.2. Typically, Kv6.2 having 
the amino acid sequence of SEQ ID NO:1 or SEQ ID NO:17 
is used as a positive control in comparison to the putative 
Kv6.2 protein to demonstrate the identi?cation of a poly 
morphic variant or allele of Kv6.2. 

[0042] Kv6.2 nucleotide and amino acid sequence infor 
mation may also be used to construct models of a hetero 
meric voltage-gated potassium channels in a computer sys 
tem. These models are subsequently used to identify 
compounds that can activate or inhibit heteromeric voltage 
gated potassium channels comprising Kv6.2. Such com 
pounds that modulate the activity of channels comprising 
Kv6.2 can be used to investigate the role of Kv6.2 in 
modulation of channel activity and in channel diversity. 

[0043] The isolation of biologically active Kv6.2 for the 
?rst time provides a means for assaying for inhibitors and 
activators of heteromeric voltage-gated potassium channels 
that comprise Kv6.2 subunits. Biologically active Kv6.2 is 
useful for testing inhibitors and activators of voltage-gated 
potassium channels comprising subunits of Kv6.2 and other 
Kv members using in vivo and in vitro expression that 
measure, e.g., changes in voltage or current. Such activators 
and inhibitors identi?ed using an voltage-gated potassium 
channel comprising at least one Kv6.2 subunit can be used 
to further study voltage gating, channel kinetics and con 
ductance properties of heteromeric channels. Such activators 
and inhibitors are useful as pharmaceutical agents for treat 
ing diseases involving abnormal ion ?ux, e.g., CNS disor 
ders, as described above. Methods of detecting Kv6.2 and 
expression of channels comprising Kv6.2 are also useful for 
diagnostic applications for diseases involving abnormal ion 
?ux, e.g., CNS disorders and other disorders. For example, 
chromosome localiZation of the gene encoding Kv6.2 can be 
used to identify diseases caused by and associated With 
Kv6.2. Methods of detecting Kv6.2 are also useful for 
examining the role of Kv6.2 in channel diversity and modu 
lation of channel activity. 

II. De?nitions 

[0044] As used herein, the folloWing terms have the mean 
ings ascribed to them unless speci?ed otherWise. 

[0045] The phrase “voltage-gated” activity or “voltage 
gating” refers to a characteristic of a potassium channel 
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composed of individual polypeptide monomers or subunits. 
Generally, the probability of a voltage-gated potassium 
channel opening increases as a cell is depolarized. Voltage 
gated potassium channels primarily alloW ef?ux of potas 
sium because they have greater probabilities of being open 
at membrane potentials more positive than the membrane 
potential for potassium (EK) in typical cells. EK, or the 
membrane potential for potassium, depends on the relative 
concentrations of potassium found inside and outside the 
cell membrane, and is typically betWeen —60 and —100 mV 
for mammalian cells. EK is the membrane potential at Which 
there is no net ?oW of potassium ion because the electrical 
potential (i.e., voltage potential driving potassium in?ux is 
balanced by the concentration gradient ( the [K’'] potential) 
directing potassium ef?ux. This value is also knoWn as the 
“reversal potential” or the “Nernst” potential for potassium. 
Some voltage-gated potassium channels undergo inactiva 
tion, Which can reduce potassium ef?ux at higher membrane 
potentials. Potassium channels can also alloW potassium 
in?ux in certain instances When they remain open at mem 
brane potentials negative to EK (see, e.g., Adams & Nonner, 
in Potassium Channels, pp. 40-60 (Cook, ed., 1990)). The 
characteristic of voltage gating can be measured by a variety 
of techniques for measuring changes in current ?oW and ion 
?ux through a channel, e.g., by changing the [K"] of the 
external solution and measuring the activation potential of 
the channel current (see, e.g., US. Pat. No. 5,670,335), by 
measuring current With patch clamp techniques or voltage 
clamp under different conditions, and by measuring ion ?ux 
With radiolabeled tracers or voltage-sensitive dyes under 
different conditions. 

[0046] “Homomeric channel” refers to an Kv6.2 channel 
composed of identical alpha subunits, Whereas “heteromeric 
channel” refers to an Kv6.2 channel composed of at least 
one Kv alpha subunit plus at least one other different type of 
alpha subunit from the Kv family, e.g., Kv2.1. Both homo 
meric and heteromeric channels can include auxiliary beta 
subunits. Typically, the channel is composed of four alpha 
subunits and the channel can be heteromeric or homomeric. 

[0047] A “beta subunit” is a polypeptide monomer that is 
an auxiliary subunit of a potassium channel composed of 
alpha subunits; hoWever, beta subunits alone cannot form a 
channel (see, e.g., US. Pat. No. 5,776,734). Beta subunits 
are knoWn, for example, to increase the number of channels 
by helping the alpha subunits reach the cell surface, change 
activation kinetics, and change the sensitivity of natural 
ligands binding to the channels. Beta subunits can be outside 
of the pore region and associated With alpha subunits 
comprising the pore region. They can also contribute to the 
external mouth of the pore region. 

[0048] The phrase “subunit association region” refers to 
the region of Kv6.2 that structurally identi?es this particular 
protein (approximately amino acids 70-182 of mouse Kv6.2, 
see SEQ ID N011). This region can be used to identify 
Kv6.2 polymorphic variants and Kv6.2 alleles of Kv6.2, 
through amino acid sequence identity comparison using a 
sequence comparison algorithm such as PILEUP. The sub 
unit association region is described in Shen et al., Neuron 
11:67-76 (1993); Yu et al., Neuron 161441-453 (1996); Xu et 
al.,]. Biol. Chem. 270124761-24768 (1995); Shen & Pfaffin 
ger, Neuron 141625-633 (1995); Kreusch et al., Nature 
3921945-948 (1998); and Li et al., Science 25711225-1230 
(1992). 
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[0049] The phrase “S4-S6 region” (S4 to S6 region) refers 
to the region of Kv6.2 that structurally identi?es this par 
ticular protein (approximately amino acids 326-466 of 
mouse Kv6.2, see SEQ ID N011). This region can be used 
to identify Kv6.2 polymorphic variants and Kv6.2 alleles of 
Kv6.2; through amino acid sequence identity comparison 
using a sequence comparison algorithm such as PILEUP. 
S4-S6 comprises three transmembrane regions: S4, S5, the 
pore domain, and S6 and is involved in voltage-gating and 
ion conduction (see, e.g., Ackerman & Clapham, New Engl. 
J. Med. 33611575-1586 (1997); Jan & Jan, Annu. Rev. 
Neurosci. 20191-123 (1997)). 

[0050] “Kv6.2” refers to a polypeptide that is a subunit or 
monomer of an voltage-gated potassium channel, a member 
of the Kv6 family, and a member of the Kv superfamily of 
potassium channel monomers. When Kv6.2 is part of a 
potassium channel, preferably a heteromeric potassium 
channel, the channel has voltage-gated activity. The term 
Kv6.2 therefore refers to polymorphic variants, alleles, 
mutants, and interspecies homologs that: (1) have a subunit 
association region that has greater than about 70% amino 
acid sequence identity, preferably about 75, 80, 85, 90 or 
95% amino acid sequence identity, to a Kv6.2 subunit 
association region; (2) have an S4-S6 region that has greater 
than about 85% amino acid sequence identity, preferably 
about 90 or 95% amino acid sequence identity, to a Kv6.2 
S4-S6 region (3) bind to antibodies raised against an immu 
nogen comprising an amino acid sequence selected from the 
group consisting of SEQ ID N011, SEQ ID N0117, the 
subunit association region, the S4-S6 region, and conserva 
tively modi?ed variants thereof; (4) speci?cally hybridiZe 
under stringent hybridiZation conditions to a sequence 
selected from the group consisting of SEQ ID N012, SEQ ID 
N0118, a nucleic acid encoding the subunit association 
region, a nucleic acid encoding the S4-S6 region, and 
conservatively modi?ed variants thereof; or (5) are ampli 
?ed by primers that speci?cally hybridiZe under stringent 
hybridiZation conditions to the same sequence as a primer 
set consisting of SEQ ID N013 and SEQ ID N014 or SEQ 
ID N015 and SEQ ID N016 or SEQ ID N017 and SEQ ID 
N018 or SEQ ID N019 and SEQ ID N0110. 

[0051] The phrase “functional effects” in the context of 
assays for testing compounds affecting a channel comprising 
Kv6.2 includes the determination of any parameter that is 
indirectly or directly under the in?uence of the channel. It 
includes changes in ion ?ux and membrane potential, and 
also includes other physiologic effects such as increases or 
decreases of transcription or hormone release. 

[0052] “Determining the functional effect” refers to exam 
ining the effect of a compound that increases or decreases 
ion ?ux on a cell or cell membrane in terms of cell and cell 
membrane function. The ion ?ux can be any ion that passes 
through a channel and analogues thereof, e.g., potassium, 
rubidium, sodium. Preferably, the term refers to the func 
tional effect of the compound on the channels comprising 
Kv6.2, e.g., changes in ion ?ux including radioisotopes, 
current amplitude, membrane potential, current ?oW, tran 
scription, protein binding, phosphorylation, dephosphoryla 
tion, second messenger concentrations (cAMP, cGMP, Ca2+, 
1P3) and other physiological effects such as hormone and 
neurotransmitter release, as Well as changes in voltage and 
current. Such functional effects can be measured by any 
means knoWn to those skilled in the art, e. g., patch clamping, 
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voltage-sensitive dyes, Whole cell currents, radioisotope 
ef?ux, inducible markers, and the like. 

[0053] “Inhibitors,”“activators” or “modulators” of volt 
age-gated potassium channels comprising Kv6.2 refer to 
inhibitory or activating molecules identi?ed using in vitro 
and in vivo assays for Kv6.2 channel function. Inhibitors are 
compounds that decrease, block, prevent, delay activation, 
inactivate, desensitiZe, or doWn regulate the channel. Acti 
vators are compounds that increase, open, activate, facilitate, 
enhance activation, sensitiZe or up regulate channel activity. 
Such assays for inhibitors and activators include e.g., 
expressing Kv6.2 in cells or cell membranes and then 
measuring ?ux of ions through the channel and determining 
changes in polariZation (i.e., electrical potential). Alterna 
tively, cells expressing endogenous Kv6.2 channels can be 
used in such assays. To examine the extent of inhibition, 
samples or assays comprising an Kv6.2 channel are treated 
With a potential activator or inhibitor and are compared to 
control samples Without the inhibitor. Control samples 
(untreated With inhibitors) are assigned a relative Kv6.2 
activity value of 100%. Inhibition of channels comprising 
Kv6.2 is achieved When the Kv6.2 activity value relative to 
the control is about 90%, preferably 50%, more preferably 
25 -0%. Activation of channels comprising Kv6.2 is achieved 
When the Kv6.2 activity value relative to the control is 
110%, more preferably 150%, most preferably at least 
200-500% higher or 1000% or higher. 

[0054] “Biologically active” Kv6.2 refers to Kv6.2 that 
has the ability to form a potassium channel having the 
characteristic of voltage-gating tested as described above. 

[0055] The terms “isolated,”“puri?ed,” or “biologically 
pure” refer to material that is substantially or essentially free 
from components that normally accompany it as found in its 
native state. Purity and homogeneity are typically deter 
mined using analytical chemistry techniques such as poly 
acrylamide gel electrophoresis or high performance liquid 
chromatography. A protein that is the predominant species 
present in a preparation is substantially puri?ed. In particu 
lar, an isolated Kv6.2 nucleic acid is separated from open 
reading frames that ?ank the Kv6.2 gene and encode pro 
teins other than Kv6.2. The term “puri?ed” denotes that a 
nucleic acid or protein gives rise to essentially one band in 
an electrophoretic gel. Particularly, it means that the nucleic 
acid or protein is at least 85% pure, more preferably at least 
95% pure, and most preferably at least 99% pure. 

[0056] “Nucleic acid” refers to deoxyribonucleotides or 
ribonucleotides and polymers thereof in either single- or 
double-stranded form. The term encompasses nucleic acids 
containing knoWn nucleotide analogs or modi?ed backbone 
residues or linkages, Which are synthetic, naturally occur 
ring, and non-naturally occurring, Which have similar bind 
ing properties as the reference nucleic acid, and Which are 
metaboliZed in a manner similar to the reference nucleotides. 
Examples of such analogs include, Without limitation, phos 
phorothioates, phosphoramidates, methyl phosphonates, 
chiral-methyl phosphonates, 2-O-methyl ribonucleotides, 
peptide-nucleic acids (PNAs). 

[0057] Unless otherWise indicated, a particular nucleic 
acid sequence also implicitly encompasses conservatively 
modi?ed variants thereof (e.g., degenerate codon substitu 
tions) and complementary sequences, as Well as the 
sequence explicitly indicated. Speci?cally, degenerate 
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codon substitutions may be achieved by generating 
sequences in Which the third position of one or more selected 
(or all) codons is substituted With mixed-base and/or deoxyi 
nosine residues (BatZer et al., Nucleic Acid Res. 19:5081 
(1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 
(1985); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)). 
The term nucleic acid is used interchangeably With gene, 
cDNA, mRNA, oligonucleotide, and polynucleotide. 

[0058] A particular nucleic acid sequence also implicitly 
encompasses “splice variants.” Similarly, a particular pro 
tein encoded by a nucleic acid implicitly encompasses any 
protein encoded by a splice variant of that nucleic acid. 
“Splice variants,” as the name suggests, are products of 
alternative splicing of a gene. After transcription, an initial 
nucleic acid transcript may be spliced such that different 
(alternate) nucleic acid splice products encode different 
polypeptides. Mechanisms for the production of splice vari 
ants vary, but include alternate splicing of exons. Alternate 
polypeptides derived from the same nucleic acid by read 
through transcription are also encompassed by this de?ni 
tion. Any products of a splicing reaction, including recom 
binant forms of the splice products, are included in this 
de?nition. An example of potassium channel splice variants 
is discussed in Leicher, et al.,]. Biol. Chem. 273(52):35095 
35101 (1998). 

[0059] The terms “polypeptide,”“peptide” and “protein” 
are used interchangeably herein to refer to a polymer of 
amino acid residues. The terms apply to amino acid poly 
mers in Which one or more amino acid residue is an arti?cial 

chemical mimetic of a corresponding naturally occurring 
amino acid, as Well as to naturally occurring amino acid 
polymers and non-naturally occurring amino acid polymer. 

[0060] The term “amino acid” refers to naturally occurring 
and synthetic amino acids, as Well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as Well as those 
amino acids that are later modi?ed, e.g., hydroxyproline, 
y-carboxyglutamate, and O-phosphoserine. Amino acid ana 
logs refers to compounds that have the same basic chemical 
structure as a naturally occurring amino acid, i.e., an c 
carbon that is bound to a hydrogen, a carboxyl group, an 
amino group, and an R group, e.g., homoserine, norleucine, 
methionine sulfoxide, methionine methyl sulfonium. Such 
analogs have modi?ed R groups (e.g., norleucine) or modi 
?ed peptide backbones, but retain the same basic chemical 
structure as a naturally occurring amino acid. Amino acid 
mimetics refers to chemical compounds that have a structure 
that is different from the general chemical structure of an 
amino acid, but that functions in a manner similar to a 
naturally occurring amino acid. 

[0061] Amino acids may be referred to herein by either 
their commonly knoWn three letter symbols or by the 
one-letter symbols recommended by the IUPAC-IUB Bio 
chemical Nomenclature Commission. Nucleotides, likeWise, 
may be referred to by their commonly accepted single-letter 
codes. 

[0062] “Conservatively modi?ed variants” applies to both 
amino acid and nucleic acid sequences. With respect to 
particular nucleic acid sequences, conservatively modi?ed 
variants refers to those nucleic acids Which encode identical 
or essentially identical amino acid sequences, or Where the 
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nucleic acid does not encode an amino acid sequence, to 
essentially identical sequences. Because of the degeneracy 
of the genetic code, a large number of functionally identical 
nucleic acids encode any given protein. For instance, the 
codons GCA, GCC, GCG and GCU all encode the amino 
acid alanine. Thus, at every position Where an alanine is 
speci?ed by a codon, the codon can be altered to any of the 
corresponding codons described Without altering the 
encoded polypeptide. Such nucleic acid variations are 
“silent variations,” Which are one species of conservatively 
modi?ed variations. Every nucleic acid sequence herein 
Which encodes a polypeptide also describes every possible 
silent variation of the nucleic acid. One of skill Will recog 
niZe that each codon in a nucleic acid (except AUG, Which 
is ordinarily the only codon for methionine, and TGG, Which 
is ordinarily the only codon for tryptophan) can be modi?ed 
to yield a functionally identical molecule. Accordingly, each 
silent variation of a nucleic acid Which encodes a polypep 
tide is implicit in each described sequence. 

[0063] As to amino acid sequences, one of skill Will 
recogniZe that individual substitutions, deletions or addi 
tions to a nucleic acid, peptide, polypeptide, or protein 
sequence Which alters, adds or deletes a single amino acid or 
a small percentage of amino acids in the encoded sequence 
is a “conservatively modi?ed variant” Where the alteration 
results in the substitution of an amino acid With a chemically 
similar amino acid. Conservative substitution tables provid 
ing functionally similar amino acids are Well knoWn in the 
art. Such conservatively modi?ed variants are in addition to 
and do not exclude polymorphic variants, interspecies 
homologs, and alleles of the invention. 

[0064] The folloWing eight groups each contain amino 
acids that are conservative substitutions for one another: 

[0065] 1) Alanine (A), Glycine (G); 

[0066] 2) Aspartic acid (D), Glutamic acid [0067] 3) Asparagine (N), Glutamine (Q); 

[0068] 4) Arginine (R), Lysine 
[0069] 5) Isoleucine (I), Leucine (L), Methionine 

(M), Valine (V); 

[0070] 6) Phenylalanine (F), Tyrosine (Y), Tryp 
tophan 

[0071] 7) Serine (S), Threonine (T); and 

[0072] 8) Cysteine (C), Methionine (M) 

[0073] (see, e.g., Creighton, Proteins (1984)). 

[0074] Macromolecular structures such as polypeptide 
structures can be described in terms of various levels of 
organiZation. For a general discussion of this organiZation, 
see, e.g., Alberts et al., Molecular Biology of the Cell (3rd 
ed., 1994) and Cantor and Schimmel, Biophysical Chemistry 
Part I. The Conformation of Biological Macromolecules 
(1980). “Primary structure” refers to the amino acid 
sequence of a particular peptide. “Secondary structure” 
refers to locally ordered, three dimensional structures Within 
a polypeptide. These structures are commonly knoWn as 
domains. Domains are portions of a polypeptide that form a 
compact unit of the polypeptide and are typically 50 to 350 
amino acids long. Typical domains are made up of sections 
of lesser organiZation such as stretches of [3-sheet and 
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ot-helices. “Tertiary structure” refers to the complete three 
dimensional structure of a polypeptide monomer. “Quater 
nary structure” refers to the three dimensional structure 
formed by the noncovalent association of independent ter 
tiary units. Anisotropic terms are also knoWn as energy 
terms. 

[0075] A “label” is a composition detectable by spectro 
scopic, photochemical, biochemical, immunochemical, or 
chemical means. For example, useful labels include 32F, 
?uorescent dyes, electron-dense reagents, enZymes (e.g., as 
commonly used in an ELISA), biotin, digoxigenin, or hap 
tens and proteins for Which antisera or monoclonal antibod 
ies are available (e.g., the polypeptide of SEQ ID NO:1 can 
be made detectable, e.g., by incorporating a radiolabel into 
the peptide, and used to detect antibodies speci?cally reac 
tive With the peptide). 

[0076] As used herein a “nucleic acid probe or oligonucle 
otide” is de?ned as a nucleic acid capable of binding to a 
target nucleic acid of complementary sequence through one 
or more types of chemical bonds, usually through conmple 
mentary base pairing, usually through hydrogen bond for 
mation. As used herein, a probe may include natural (i.e., A, 
G, C, or T) or modi?ed bases (7-deaZaguanosine, inosine, 
etc.). In addition, the bases in a probe may be joined by a 
linkage other than a phosphodiester bond, so long as it does 
not interfere With hybridiZation. Thus, for example, probes 
may be peptide nucleic acids in Which the constituent bases 
are joined by peptide bonds rather than phosphodiester 
linkages. It Will be understood by one of skill in the art that 
probes may bind target sequences lacking complete comple 
mentarity With the probe sequence depending upon the 
stringency of the hybridiZation conditions. The probes are 
preferably directly labeled as With isotopes, chromophores, 
lumiphores, chromogens, or indirectly labeled such as With 
biotin to Which a streptavidin complex may later bind. By 
assaying for the presence or absence of the probe, one can 
detect the presence or absence of the select sequence or 
subsequence. 
[0077] A “labeled nucleic acid probe or oligonucleotide” 
is one that is bound, either covalently, through a linker or a 
chemical bond, or noncovalently, through ionic, van der 
Waals, electrostatic, or hydrogen bonds to label such that the 
presence of the probe may be detected by detecting the 
presence of the label bound to the probe. 

[0078] The term “recombinant” When used With reference, 
e.g., to a cell, or nucleic acid, protein, or vector, indicates 
that the cell, nucleic acid, protein or vector, has been 
modi?ed by the introduction of a heterologous nucleic acid 
or protein or the alteration of a native nucleic acid or protein, 
or that the cell is derived from a cell so modi?ed. Thus, for 
example, recombinant cells express genes that are not found 
Within the native (non-recombinant) form of the cell or 
express native genes that are otherWise abnormally 
expressed, under expressed or not expressed at all. 

[0079] A “promoter” is de?ned as an array of nucleic acid 
control sequences that direct transcription of a nucleic acid. 
As used herein, a promoter includes necessary nucleic acid 
sequences near the start site of transcription, such as, in the 
case of a polymerase II type promoter, a TATA element. A 
promoter also optionally includes distal enhancer or repres 
sor elements, Which can be located as much as several 
thousand base pairs from the start site of transcription. A 
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“constitutive” promoter is a promoter that is active under 
most environmental and developmental conditions. An 
“inducible” promoter is a promoter that is active under 
environmental or developmental regulation. The term “oper 
ably linked” refers to a functional linkage betWeen a nucleic 
acid expression control sequence (such as a promoter, or 
array of transcription factor binding sites) and a second 
nucleic acid sequence, Wherein the eXpression control 
sequence directs transcription of the nucleic acid corre 
sponding to the second sequence. 

[0080] The term “heterologous” When used With reference 
to portions of a nucleic acid indicates that the nucleic acid 
comprises tWo or more subsequences that are not found in 
the same relationship to each other in nature. For instance, 
the nucleic acid is typically recombinantly produced, having 
tWo or more sequences from unrelated genes arranged to 
make a neW functional nucleic acid, e.g., a promoter from 
one source and a coding region from another source. Simi 
larly, a heterologous protein indicates that the protein com 
prises tWo or more subsequences that are not found in the 
same relationship to each other in nature (e.g., a fusion 
protein). 
[0081] An “expression vector” is a nucleic acid construct, 
generated recombinantly or synthetically, With a series of 
speci?ed nucleic acid elements that permit transcription of a 
particular nucleic acid in a host cell. The eXpression vector 
can be part of a plasmid, virus, or nucleic acid fragment. 
Typically, the eXpression vector includes a nucleic acid to be 
transcribed operably linked to a promoter. 

[0082] The terms “identical” or percent “identity,” in the 
conteXt of tWo or more nucleic acids or polypeptide 
sequences, refer to tWo or more sequences or subsequences 
that are the same or have a speci?ed percentage of amino 
acid residues or nucleotides that are the same (i.e., 70% 
identity, preferably 75%, 80%, 85%, 90%, or 95% identity 
over a speci?ed region such as the Kv6.2 subunit association 
region or the S4-S6 region), When compared and aligned for 
maXimum correspondence over a comparison WindoW, or 
designated region as measured using one of the folloWing 
sequence comparison algorithms or by manual alignment 
and visual inspection. Such sequences are then said to be 
“substantially identical.” This de?nition also refers to the 
compliment of a test sequence. Preferably, the identity eXists 
over a region that is at least about 25 amino acids or 
nucleotides in length, or more preferably over a region that 
is 50-100 amino acids or nucleotides in length. 

[0083] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are entered into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison 
algorithm then calculates the percent sequence identities for 
the test sequences relative to the reference sequence, based 
on the program parameters. 

[0084] A “comparison WindoW”, as used herein, includes 
reference to a segment of any one of the number of con 
tiguous positions selected from the group consisting of from 
20 to 600, usually about 50 to about 200, more usually about 
100 to about 150 in Which a sequence may be compared to 
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a reference sequence of the same number of contiguous 
positions after the tWo sequences are optimally aligned. 
Methods of alignment of sequences for comparison are 
Well-knoWn in the art. Optimal alignment of sequences for 
comparison can be conducted, e.g., by the local homology 
algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 
(1981), by the homology alignment algorithm of Needleman 
& Wunsch, J. Mol. Biol. 48:443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Nat’l. Acad. 
Sci. USA 85:2444 (1988), by computeriZed implementations 
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA 
in the Wisconsin Genetics SoftWare Package, Genetics 
Computer Group, 575 Science Dr., Madison, Wis.), or by 
manual alignment and visual inspection (see, e.g., Current 
Protocols in Molecular Biology (Ausubel et al., eds. 1995 
supplement)). 
[0085] One eXample of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairWise alignments 
to shoW relationship and percent sequence identity. It also 
plots a tree or dendogram shoWing the clustering relation 
ships used to create the alignment. PILEUP uses a simpli 
?cation of the progressive alignment method of Feng & 
Doolittle,J. Mol. Evol. 35:351-360 (1987). The method used 
is similar to the method described by Higgins & Sharp, 
CABIOS 5:151-153 (1989). The program can align up to 300 
sequences, each of a maXimum length of 5,000 nucleotides 
or amino acids. The multiple alignment procedure begins 
With the pairWise alignment of the tWo most similar 
sequences, producing a cluster of tWo aligned sequences. 
This cluster is then aligned to the neXt most related sequence 
or cluster of aligned sequences. TWo clusters of sequences 
are aligned by a simple extension of the pairWise alignment 
of tWo individual sequences. The ?nal alignment is achieved 
by a series of progressive, pairWise alignments. The program 
is run by designating speci?c sequences and their amino acid 
or nucleotide coordinates for regions of sequence compari 
son and by designating the program parameters. Using 
PILEUP, a reference sequence is compared to other test 
sequences to determine the percent sequence identity rela 
tionship using the folloWing parameters: default gap Weight 
(3.00), default gap length Weight (0.10), and Weighted end 
gaps. PILEUP can be obtained from the GCG sequence 
analysis softWare package, e.g., version 7.0 (DevereauX et 
al., Nuc. Acids Res. 12:387-395 (1984). 
[0086] Another eXample of algorithm that is suitable for 
determining percent sequence identity and sequence simi 
larity are the BLAST and BLAST 2.0 algorithms, Which are 
described in Altschul et al., Nuc. Acids Res. 25 :3389-3402 
(1977) and Altschul et al.,]. Mol. Biol. 215:403-410 (1990), 
respectively. SoftWare for performing BLAST analyses is 
publicly available through the National Center for Biotech 
nology Information (http://WWW.ncbi.nlm.nih.gov/). This 
algorithm involves ?rst identifying high scoring sequence 
pairs (HSPs) by identifying short Words of length W in the 
query sequence, Which either match or satisfy some posi 
tive-valued threshold score T When aligned With a Word of 
the same length in a database sequence. T is referred to as 
the neighborhood Word score threshold (Altschul et al., 
supra). These initial neighborhood Word hits act as seeds for 
initiating searches to ?nd longer HSPs containing them. The 
Word hits are eXtended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucle 
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otide sequences, the parameters M (reward score for a pair 
of matching residues; always >0) and N (penalty score for 
mismatching residues; always <0). For amino acid 
sequences, a scoring matrix is used to calculate the cumu 
lative score. Extension of the word hits in each direction are 
halted when: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula 
tive score goes to Zero or below, due to the accumulation of 
one or more negative-scoring residue alignments; or the end 
of either sequence is reached. The BLAST algorithm param 
eters W, T, and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
sequences) uses as defaults a wordlength of 11, an 
expectation or 10, M=5, N——4 and a comparison of both 
strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength of 3, and expectation of 10, 
and the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff, Proc. Natl. Acad. Sci. USA 89;10915 (1989)) align 
ments (B) of 50, expectation of 10, M=5, N=—4, and a 
comparison of both strands. 

[0087] The BLAST algorithm also performs a statistical 
analysis of the similarity between two sequences (see, e.g., 
Karlin & Altschul, Proc. Nat’l. Acad. Sci. USA 905873 
5787 (1993)). One measure of similarity provided by the 
BLAST algorithm is the smallest sum probability (P(N)), 
which provides an indication of the probability by which a 
match between two nucleotide or amino acid sequences 
would occur by chance. For example, a nucleic acid is 
considered similar to a reference sequence if the smallest 
sum probability in a comparison of the test nucleic acid to 
the reference nucleic acid is less than about 0.2, more 
preferably less than about 0.01, and most preferably less 
than about 0.001. 

[0088] An indication that two nucleic acid sequences or 
polypeptides are substantially identical is that the polypep 
tide encoded by the ?rst nucleic acid is immunologically 
cross reactive with the antibodies raised against the polypep 
tide encoded by the second nucleic acid, as described below. 
Thus, a polypeptide is typically substantially identical to a 
second polypeptide, for example, where the two peptides 
differ only by conservative substitutions. Another indication 
that two nucleic acid sequences are substantially identical is 
that the two molecules or their complements hybridiZe to 
each other under stringent conditions, as described below. 
Yet another indication that two nucleic acid sequences are 
substantially identical is that the same primers can be used 
to amplify the sequence. 

[0089] The phrase “selectively (or speci?cally) hybridiZes 
to” refers to the binding, duplexing, or hybridiZing of a 
molecule only to a particular nucleotide sequence under 
stringent hybridiZation conditions when that sequence is 
present in a complex mixture (e.g., total cellular or library 
DNA or RNA). 

[0090] The phrase “stringent hybridiZation conditions” 
refers to conditions under which a probe will hybridiZe to its 
target subsequence, typically in a complex mixture of 
nucleic acid, but to no other sequences. Stringent conditions 
are sequence-dependent and will be different in different 
circumstances. Longer sequences hybridiZe speci?cally at 
higher temperatures. An extensive guide to the hybridiZation 
of nucleic acids is found in Tijssen, Techniques in Biochem 
istry and Molecular Bi0l0gy—Hybridizuti0n with Nucleic 
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Probes, “Overview of principles of hybridiZation and the 
strategy of nucleic acid assays” (1993). Generally, stringent 
conditions are selected to be about 5-10° C. lower than the 
thermal melting point (Tm) for the speci?c sequence at a 
de?ned ionic strength pH. The Trn is the temperature (under 
de?ned ionic strength, pH, and nucleic concentration) at 
which 50% of the probes complementary to the target 
hybridiZe to the target sequence at equilibrium (as the target 
sequences are present in excess, at Tm, 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those 
in which the salt concentration is less than about 1.0 M 
sodium ion, typically about 0.01 to 1.0 M sodium ion 
concentration (or other salts) at pH 7.0 to 8.3 and the 
temperature is at least about 30° C. for short probes (e.g., 10 
to 50 nucleotides) and at least about 60° C. for long probes 
(e.g., greater than 50 nucleotides). Stringent conditions may 
also be achieved with the addition of destabiliZing agents 
such as formamide. For high stringency hybridiZation, a 
positive signal is at least two times background, preferably 
10 times background hybridiZation. Exemplary high strin 
gency or stringent hybridiZation conditions include: 50% 
formamide, 5><SSC and 1% SDS incubated at 42° C. or 
5><SSC and 1% SDS incubated at 65° C., with a wash in 
0.2><SSC and 0.1% SDS at 65° C. 

[0091] Nucleic acids that do not hybridiZe to each other 
under stringent conditions are still substantially identical if 
the polypeptides that they encode are substantially identical. 
This occurs, for example, when a copy of a nucleic acid is 
created using the maximum codon degeneracy permitted by 
the genetic code. In such cased, the nucleic acids typically 
hybridiZe under moderately stringent hybridiZation condi 
tions. Exemplary “moderately stringent hybridiZation con 
ditions” include a hybridiZation in a buffer of 40% forma 
mide, 1 M NaCl, 1% SDS at 37° C., and a wash in 1><SSC 
at 45° C. A positive hybridiZation is at least twice back 
ground. Those of ordinary skill will readily recogniZe that 
alternative hybridiZation and wash conditions can be utiliZed 
to provide conditions of similar stringency. 

[0092] “Antibody” refers to a polypeptide comprising a 
framework region from an immunoglobulin gene or frag 
ments thereof that speci?cally binds and recogniZes an 
antigen. The recogniZed immunoglobulin genes include the 
kappa, lambda, alpha, gamma, delta, epsilon, and mu con 
stant region genes, as well as the myriad immunoglobulin 
variable region genes. Light chains are classi?ed as either 
kappa or lambda. Heavy chains are classi?ed as gamma, mu, 
alpha, delta, or epsilon, which in turn de?ne the immuno 
globulin classes, IgG, IgM, IgA, IgD and IgE, respectively. 

[0093] An exemplary immunoglobulin (antibody) struc 
tural unit comprises a tetramer. Each tetramer is composed 
of two identical pairs of polypeptide chains, each pair having 
one “light” (about 25 kDa) and one “heavy” chain (about 
50-70 kDa). The N-terminus of each chain de?nes a variable 
region of about 100 to 110 or more amino acids primarily 
responsible for antigen recognition. The terms variable light 
chain (VI) and variable heavy chain (VH) refer to these light 
and heavy chains respectively. 

[0094] Antibodies exist, e.g., as intact immunoglobulins 
or as a number of well-characteriZed fragments produced by 
digestion with various peptidases. Thus, for example, pepsin 
digests an antibody below the disul?de linkages in the hinge 
region to produce F(ab)‘2, a dimer of Fab which itself is a 
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light chain joined to VH-CH1 by a disul?de bond. The 
F(ab)‘2 may be reduced under mild conditions to break the 
disul?de linkage in the hinge region, thereby converting the 
F(ab)‘2 dimer into an Fab‘ monomer. The Fab‘ monomer is 
essentially Fab With part of the hinge region (see Funda 
mental Immunology (Paul ed., 3d ed. 1993). While various 
antibody fragments are de?ned in terms of the digestion of 
an intact antibody, one of skill Will appreciate that such 
fragments may be synthesiZed de novo either chemically or 
by using recombinant DNA methodology. Thus, the term 
antibody, as used herein, also includes antibody fragments 
either produced by the modi?cation of Whole antibodies, or 
those synthesiZed de novo using recombinant DNA meth 
odologies (e.g., single chain Fv) or those identi?ed using 
phage display libraries (see, e.g., McCafferty et al., Nature 
348:552-554 (1990)) 

[0095] For preparation of monoclonal or polyclonal anti 
bodies, any technique knoWn in the art can be used (see, e.g., 
Kohler & Milstein, Nature 256:495-497 1975); KoZbor et 
al., Immunology Today 4: 72 (1983); Cole et al., pp. 77-96 
in Monoclonal Antibodies and Cancer Therapy, Alan R. 
Liss, Inc. (1985)). Techniques for the production of single 
chain antibodies (US. Pat. No. 4,946,778) can be adapted to 
produce antibodies to polypeptides of this invention. Also, 
transgenic mice, or other organisms such as other mammals, 
may be used to express humaniZed antibodies. Alternatively, 
phage display technology can be used to identify antibodies 
and heteromeric Fab fragments that speci?cally bind to 
selected antigens (see, e.g., McCafferty et al., Nature 
348:552-554 (1990); Marks et al., Biotechnology 10:779 
783 (1992)). 
[0096] An “anti-Kv6.2” antibody is an antibody or anti 
body fragment that speci?cally binds a polypeptide encoded 
by the Kv6.2 gene, cDNA, or a subsequence thereof. 

[0097] A “chimeric antibody” is an antibody molecule in 
Which (a) the constant region, or a portion thereof, is altered, 
replaced or exchanged so that the antigen binding site 
(variable region) is linked to a constant region of a different 
or altered class, effector function and/or species, or an 
entirely different molecule Which confers neW properties to 
the chimeric antibody, e.g., an enZyme, toxin, hormone, 
groWth factor, drug, etc.; or (b) the variable region, or a 
portion thereof, is altered, replaced or exchanged With a 
variable region having a different or altered antigen speci 
?city. 

[0098] The term “immunoassay” is an assay that uses an 
antibody to speci?cally bind an antigen. The immunoassay 
is characteriZed by the use of speci?c binding properties of 
a particular antibody to isolate, target, and/or quantify the 
antigen. 

[0099] The phrase “speci?cally (or selectively) binds” to 
an antibody or “speci?cally (or selectively) immunoreactive 
With,” When referring to a protein or peptide, refers to a 
binding reaction that is determinative of the presence of the 
protein in a heterogeneous population of proteins and other 
biologics. Thus, under designated immunoassay conditions, 
the speci?ed antibodies bind to a particular protein at least 
tWo times the background and do not substantially bind in a 
signi?cant amount to other proteins present in the sample. 
Speci?c binding to an antibody under such conditions may 
require an antibody that is selected for its speci?city for a 
particular protein. For example, polyclonal antibodies raised 
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to Kv6.2, having the sequence of SEQ ID NO:1 or SEQ ID 
NO:17, encoded by SEQ NO:2 or SEQ ID NO:18, splice 
variants, or portions thereof, can be selected to obtain only 
those polyclonal antibodies that are speci?cally immunore 
active With Kv6.2 and not With other proteins, except for 
polymorphic variants, orthologs, and alleles of Kv6.2. This 
selection may be achieved by subtracting out antibodies that 
cross-react With molecules such as Kv6.1, other Kv6.2 
orthologs, and With other Kv6 family members or other Kv 
superfamily members. A variety of immunoassay formats 
may be used to select antibodies speci?cally immunoreac 
tive With a particular protein. For example, solid-phase 
ELISA immunoassays are routinely used to select antibodies 
speci?cally immunoreactive With a protein (see, e.g., Har 
loW & Lane, Antibodies, A Laboratory Manual (1988) for a 
description of immunoassay formats and conditions that can 
be used to determine speci?c immunoreactivity). Typically 
a speci?c or selective reaction Will be at least tWice back 
ground signal or noise and more typically more than 10 to 
100 times background. 

[0100] The phrase “selectively associates With” refers to 
the ability of a nucleic acid to “selectively hybridiZe” With 
another as de?ned above, or the ability of an antibody to 
“selectively (or speci?cally) bind to a protein, as de?ned 
above. 

[0101] By “host cell” is meant a cell that contains an 
expression vector and supports the replication or expression 
of the expression vector. Host cells may be prokaryotic cells 
such as E. coli, or eukaryotic cells such as yeast, insect, 
amphibian, or mammalian cells such as CHO, HeLa and the 
like, e.g., cultured cells, explants, and cells in vivo. 

[0102] “Biological sample” as used herein is a sample of 
biological tissue or ?uid that contains Kv6.2 or nucleic acid 
encoding Kv6.2 protein. Such samples include, but are not 
limited to, tissue isolated from humans. Biological samples 
may also include sections of tissues such as froZen sections 
taken for histologic purposes. A biological sample is typi 
cally obtained from a eukaryotic organism, preferably 
eukaryotes such as fungi, plants, insects, protoZoa, birds, 
?sh, reptiles, and preferably a mammal such as rat, mice, 
coW, dog, guinea pig, or rabbit, and most preferably a 
primate such as chimpanZees or humans. 

III. Isolating the Gene Encoding Kv6.2 
[0103] A. General Recombinant DNA Methods 

[0104] This invention relies on routine techniques in the 
?eld of recombinant genetics. Basic texts disclosing the 
general methods of use in this invention include Sambrook 
et al., Molecular Cloning, A Laboratory Manual (2nd ed. 
1989); Kriegler, Gene Transfer and Expression: A Labora 
tory Manual (1990); and Current Protocols in Molecular 
Biology (Ausubel et al., eds., 1994)). 
[0105] For nucleic acids, siZes are given in either kilo 
bases (kb) or base pairs (bp). These are estimates derived 
from agarose or acrylamide gel electrophoresis, from 
sequenced nucleic acids, or from published DNA sequences. 
For proteins, siZes are given in kilodaltons (kDa) or amino 
acid residue numbers. Proteins siZes are estimated from gel 
electrophoresis, from sequenced proteins, from derived 
amino acid sequences, or from published protein sequences. 

[0106] Oligonucleotides that are not commercially avail 
able can be chemically synthesiZed according to the solid 
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phase phosphoramidite triester method ?rst described by 
Beaucage & Caruthers, Tetrahedron Letts. 22:1859-1862 
(1981), using an automated synthesizer, as described in Van 
Devanter et. al., Nucleic Acids Res. 12:6159-6168 (1984). 
Puri?cation of oligonucleotides is by either native acryla 
mide gel electrophoresis or by anion-exchange HPLC as 
described in Pearson & Reanier, J. Chrom. 255:137-149 

(1983). 
[0107] The sequence of the cloned genes and synthetic 
oligonucleotides can be veri?ed after cloning using, e. g., the 
chain termination method for sequencing double-stranded 
templates of Wallace et al., Gene 16:21-26 (1981). 

[0108] B. Cloning Methods for the Isolation of Nucleotide 
Sequences Encoding Kv6.2 

[0109] In general, the nucleic acid sequences encoding 
Kv6.2 and related nucleic acid sequence homologs are 
cloned from cDNA and genomic DNA libraries or isolated 
using ampli?cation techniques With oligonucleotide prim 
ers. For example, Kv6.2 sequences are typically isolated 
from human nucleic acid (genomic or cDNA) libraries by 
hybridiZing With a nucleic acid probe or polynucleotide, the 
sequence of Which can be derived from SEQ ID NO:2 or 
SEQ ID NO:18, preferably from the region encoding the 
subunit association region or the S4-S6 region. A suitable 
tissue from Which Kv6.2 RNA and cDNA can be isolated is 
brain tissue such as Whole brain. 

[0110] Ampli?cation techniques using primers can also be 
used to amplify and isolate Kv6.2 from DNA or RNA. The 
folloWing primers can also be used to amplify a sequence of 
Kv6.2: 

ATGCCCATGTCTTCCAGAGACAGG, ( SEQ ID NO : 3 ) 

GATGTCTAGAGGGAGTTACATGTAGCG ( SEQ ID NO : 4 ) 
and 

GGCACTACGCATCCTCTACGTAATGGGC , ( SEQ ID NO :5 ) 

GATGATGGCCCACCAATAGGATGCGG ( SEQ ID NO : 6 ) 
and 

ATGCCCATGCCTTCCAGAGACGG, (SEQ ID NO:7) 

TTACATGTGCATGATAGGCAAGGCTG ( SEQ ID NO : 8 ) 
and 

GTCCAGGCCCAAGACAAGTGTCAG, ( SEQ ID NO : 9 ) 

GGGAGAAGGTGTGGAAGATAGACG. (SEQ ID NO : 1 0) 

[0111] These primers can be used, e.g., to amplify either 
the full length sequence or a probe of one to several hundred 
nucleotides, Which is then used to screen a human library for 
full-length Kv6.2. 

[0112] Nucleic acids encoding Kv6.2 can also be isolated 
from expression libraries using antibodies as probes. Such 
polyclonal or monoclonal antibodies can be raised using the 
sequence of SEQ ID NO:1, SEQ ID NO:17, or an immu 
nogenic portion thereof. 

[0113] Kv6.2 polymorphic variants, orthologs, and alleles 
that are substantially identical to the subunit association 
region or the S4-S6 region of Kv6.2 can be isolated using 
Kv6.2 nucleic acid probes and oligonucleotides under strin 
gent hybridiZation conditions, by screening libraries. Alter 
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natively, expression libraries can be used to clone Kv6.2 and 
Kv6.2 polymorphic variants, orthologs, and alleles by 
detecting expressed homologs immunologically With antis 
era or puri?ed antibodies made against Kv6.2 or portions 
thereof (e.g., the subunit association region or the S4-S6 
region of Kv6.2), Which also recogniZe and selectively bind 
to the Kv6.2 homolog. 

[0114] To make a cDNA library, one should choose a 
source that is rich in Kv6.2 mRNA, e.g., tissue such as Whole 
brain. The mRNA is then made into cDNA using reverse 
transcriptase, ligated into a recombinant vector, and trans 
fected into a recombinant host for propagation, screening 
and cloning. Methods for making and screening cDNA 
libraries are Well knoWn (see, e.g., Gubler & Hoffman, Gene 
25:263-269 (1983); Sambrook et al., supra; Ausubel et al., 
supra). 

[0115] For a genomic library, the DNA is extracted from 
the tissue and either mechanically sheared or enZymatically 
digested to yield fragments of about 12-20 kb. The frag 
ments are then separated by gradient centrifugation from 
undesired siZes and are constructed in bacteriophage lambda 
vectors. These vectors and phage are packaged in vitro. 
Recombinant phage are analyZed by plaque hybridiZation as 
described in Benton & Davis, Science 196:180-182 (1977). 
Colony hybridiZation is carried out as generally described in 
Grunstein et al., Proc. Natl. Acad. Sci. USA, 72:3961-3965 
(1975). 
[0116] An alternative method of isolating Kv6.2 nucleic 
acid and its homologs combines the use of synthetic oligo 
nucleotide primers and ampli?cation of an RNA or DNA 
template (see US. Pat. Nos. 4,683,195 and 4,683,202; PCR 
Protocols: A Guide to Methods and Applications (Innis et 
al., eds, 1990)). Methods such as polymerase chain reaction 
(PCR) and ligase chain reaction (LCR) can be used to 
amplify nucleic acid sequences of Kv6.2 directly from 
mRNA, from cDNA, from genomic libraries or cDNA 
libraries. Degenerate oligonucleotides can be designed to 
amplify Kv6.2 homologs using the sequences provided 
herein. Restriction endonuclease sites can be incorporated 
into the primers. Polymerase chain reaction or other in vitro 
ampli?cation methods may also be useful, for example, to 
clone nucleic acid sequences that code for proteins to be 
expressed, to make nucleic acids to use as probes for 
detecting the presence of Kv6.2 encoding mRNA in physi 
ological samples, for nucleic acid sequencing, or for other 
purposes. Genes ampli?ed by the PCR reaction can be 
puri?ed from agarose gels and cloned into an appropriate 
vector. 

[0117] Gene expression of Kv6.2 can also be analyZed by 
techniques knoWn in the art, e.g., reverse transcription and 
ampli?cation of mRNA, isolation of total RNA or poly A+ 
RNA, northern blotting, dot blotting, in situ hybridiZation, 
RNase protection, high density polynucleotide array tech 
nology and the like. 

[0118] Synthetic oligonucleotides can be used to construct 
recombinant Kv6.2 genes for use as probes or for expression 
of protein. This method is performed using a series of 
overlapping oligonucleotides usually 40-120 bp in length, 
representing both the sense and nonsense strands of the 
gene. These DNA fragments are then annealed, ligated and 
cloned. Alternatively, ampli?cation techniques can be used 
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With precise primers to amplify a speci?c subsequence of the 
Kv6.2 gene. The speci?c subsequence is then ligated into an 
expression vector. 

[0119] The gene for Kv6.2 is typically cloned into inter 
mediate vectors before transformation into prokaryotic or 
eukaryotic cells for replication and/or expression. These 
intermediate vectors are typically prokaryote vectors, e.g., 
plasmids, or shuttle vectors. 

[0120] C. Expression in Prokaryotes and Eukaryotes 

[0121] To obtain high level expression of a cloned gene, 
such as those cDNAs encoding Kv6.2, one typically sub 
clones Kv6.2 into an expression vector that contains a strong 
promoter to direct transcription, a transcription/translation 
terminator, and if for a nucleic acid encoding a protein, a 
ribosome binding site for translational initiation. Suitable 
bacterial promoters are Well knoWn in the art and described, 
e.g., in Sambrook et al. and Ausubel et al, supra. Bacterial 
expression systems for expressing the Kv6.2 protein are 
available in, e.g., E. coli, Bacillus sp., and Salmonella (Palva 
et al., Gene 22:229-235 (1983); Mosbach et al., Nature 
302:543-545 (1983). Kits for such expression systems are 
commercially available. Eukaryotic expression systems for 
mammalian cells, yeast, and insect cells are Well knoWn in 
the art and are also commercially available. 

[0122] Selection of the promoter used to direct expression 
of a heterologous nucleic acid depends on the particular 
application. The promoter is preferably positioned about the 
same distance from the heterologous transcription start site 
as it is from the transcription start site in its natural setting. 
As is knoWn in the art, hoWever, some variation in this 
distance can be accommodated Without loss of promoter 
function. 

[0123] In addition to the promoter, the expression vector 
typically contains a transcription unit or expression cassette 
that contains all the additional elements required for the 
expression of the Kv6.2 encoding nucleic acid in host cells. 
A typical expression cassette thus contains a promoter 
operably linked to the nucleic acid sequence encoding Kv6.2 
and signals required for ef?cient polyadenylation of the 
transcript, ribosome binding sites, and translation termina 
tion. Additional elements of the cassette may include 
enhancers and, if genomic DNA is used as the structural 
gene, introns With functional splice donor and acceptor sites. 

[0124] In addition to a promoter sequence, the expression 
cassette should also contain a transcription termination 
region doWnstream of the structural gene to provide for 
ef?cient termination. The termination region may be 
obtained from the same gene as the promoter sequence or 
may be obtained from different genes. 

[0125] The particular expression vector used to transport 
the genetic information into the cell is not particularly 
critical. Any of the conventional vectors used for expression 
in eukaryotic or prokaryotic cells may be used. Standard 
bacterial expression vectors include plasmids such as 
pBR322 based plasmids, pSKF, pET23D, and fusion expres 
sion systems such as GST and LacZ. Epitope tags can also 
be added to recombinant proteins to provide convenient 
methods of isolation, e.g., c-myc. 

[0126] Expression vectors containing regulatory elements 
from eukaryotic viruses are typically used in eukaryotic 
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expression vectors, e.g., SV40 vectors, papilloma virus 
vectors, and vectors derived from Epstein-Barr virus. Other 
exemplary eukaryotic vectors include pMSG, pAV009/A", 
pMTO10/A", pMAMneo-S, baculovirus pDSVE, and any 
other vector alloWing expression of proteins under the 
direction of the CMV promoter, SV40 early promoter, SV40 
later promoter, metallothionein promoter, murine mammary 
tumor virus promoter, Rous sarcoma virus promoter, poly 
hedrin promoter, or other promoters shoWn effective for 
expression in eukaryotic cells. 

[0127] Some expression systems have markers that pro 
vide gene ampli?cation such as thymidine kinase and dihy 
drofolate reductase. Alternatively, high yield expression 
systems not involving gene ampli?cation are also suitable, 
such as using a baculovirus vector in insect cells, With a 
Kv6.2 encoding sequence under the direction of the poly 
hedrin promoter or other strong baculovirus promoters. 

[0128] The elements that are typically included in expres 
sion vectors also include a replicon that functions in E. coli, 
a gene encoding antibiotic resistance to permit selection of 
bacteria that harbor recombinant plasmids, and unique 
restriction sites in nonessential regions of the plasmid to 
alloW insertion of eukaryotic sequences. The particular 
antibiotic resistance gene chosen is not critical, any of the 
many resistance genes knoWn in the art are suitable. The 
prokaryotic sequences are preferably chosen such that they 
do not interfere With the replication of the DNA in eukary 
otic cells, if necessary. 

[0129] Standard transfection methods are used to produce 
bacterial, mammalian, yeast or insect cell lines that express 
large quantities of Kv6.2 protein, Which are then puri?ed 
using standard techniques (see, e.g., Colley et al., J. Biol. 
Chem. 264:17619-17622 (1989); Guide to Protein Puri?ca 
tion, in Methods in Enzymology, vol. 182 (Deutscher, ed., 
1990)). Transformation of eukaryotic and prokaryotic cells 
are performed according to standard techniques (see, e.g., 
Morrison, J. Bact. 132:349-351 (1977); Clark-Curtiss & 
Curtiss, Methods in Enzymology 101:347-362 (Wu et al., 
eds, 1983). 
[0130] Any of the Well-known procedures for introducing 
foreign nucleotide sequences into host cells may be used. 
These include the use of calcium phosphate transfection, 
polybrene, protoplast fusion, electroporation, liposomes, 
microinjection, plasma vectors, viral vectors and any of the 
other Well knoWn methods for introducing cloned genomic 
DNA, cDNA, synthetic DNA or other foreign genetic mate 
rial into a host cell (see, e.g., Sambrook et al., supra). It is 
only necessary that the particular genetic engineering pro 
cedure used be capable of successfully introducing at least 
one gene into the host cell capable of expressing Kv6.2. 

[0131] After the expression vector is introduced into the 
cells, the transfected cells are cultured under conditions 
favoring expression of Kv6.2, Which is recovered from the 
culture using standard techniques identi?ed beloW. 

IV. Puri?cation of Kv6.2 Polypeptides 

[0132] Either naturally occurring or recombinant Kv6.2 
can be puri?ed for use in functional assays. Naturally 
occurring Kv6.2 monomers can be puri?ed, e.g., from 
human tissue such as Whole brain, and any other source of 
a Kv6.2 homolog. Recombinant Kv6.2 monomers can be 
puri?ed from any suitable expression system. 
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[0133] The Kv6.2 monomers may be puri?ed to substan 
tial purity by standard techniques, including selective pre 
cipitation With such substances as ammonium sulfate; col 
umn chromatography, inununopuri?cation methods, and 
others (see, e.g., Scopes, Protein Puri?cation: Principles 
andPractice (1982); US. Pat. No. 4,673,641; Ausubel et al., 
supra; and Sambrook et al., supra). 

[0134] A number of procedures can be employed When 
recombinant Kv6.2 monomers are being puri?ed. For 
example, proteins having established molecular adhesion 
properties can be reversible fused to the Kv6.2 monomers. 
With the appropriate ligand, the Kv6.2 monomers can be 
selectively adsorbed to a puri?cation column and then freed 
from the column in a relatively pure form. The fused protein 
is then removed by enZymatic activity. Finally the Kv6.2 
monomers could be puri?ed using immunoaf?nity columns. 

[0135] A. Puri?cation of Kv6.2 Monomers from Recom 
binant Bacteria 

[0136] Recombinant proteins are expressed by trans 
formed bacteria in large amounts, typically after promoter 
induction; but expression can be constitutive. Promoter 
induction With IPTG is a one example of an inducible 
promoter system. Bacteria are groWn according to standard 
procedures in the art. Fresh or froZen bacteria cells are used 
for isolation of protein. 

[0137] Proteins expressed in bacteria may form insoluble 
aggregates (“inclusion bodies”). Several protocols are suit 
able for puri?cation of the Kv6.2 monomers inclusion 
bodies. For example, puri?cation of inclusion bodies typi 
cally involves the extraction, separation and/or puri?cation 
of inclusion bodies by disruption of bacterial cells, e.g., by 
incubation in a buffer of 50 mM TRIS/HCL pH 7.5, 50 mM 
NaCl, 5 mM MgCl2, 1 mM DTT, 0.1 mM ATP, and 1 mM 
PMSF. The cell suspension can be lysed using 2-3 passages 
through a French Press, homogeniZed using a Polytron 
(Brinkman Instruments) or sonicated on ice. Alternate meth 
ods of lysing bacteria are apparent to those of skill in the art 
(see, e.g., Sambrook et al., supra; Ausubel et al., supra). 

[0138] If necessary, the inclusion bodies are solubiliZed, 
and the lysed cell suspension is typically centrifuged to 
remove unWanted insoluble matter. Proteins that formed the 
inclusion bodies may be renatured by dilution or dialysis 
With a compatible buffer. Suitable solvents include, but are 
not limited to urea (from about 4 M to about 8 M), 
formamide (at least about 80%, volume/volume basis), and 
guanidine hydrochloride (from about 4 M to about 8 M). 
Some solvents Which are capable of solubiliZing aggregate 
forming proteins, for example SDS (sodium dodecyl sul 
fate), 70% formic acid, are inappropriate for use in this 
procedure due to the possibility of irreversible denaturation 
of the proteins, accompanied by a lack of immunogenicity 
and/or activity. Although guanidine hydrochloride and simi 
lar agents are denaturants, this denaturation is not irrevers 
ible and renaturation may occur upon removal (by dialysis, 
for example) or dilution of the denaturant, alloWing re 
formation of immunologically and/or biologically active 
protein. Other suitable buffers are knoWn to those skilled in 
the art. Human Kv6.2 monomers are separated from other 
bacterial proteins by standard separation techniques, e.g., 
With Ni-NTA agarose resin. 

[0139] Alternatively, it is possible to purify the Kv6.2 
monomers from bacteria periplasm. After lysis of the bac 
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teria, When the Kv6.2 monomers are exported into the 
periplasm of the bacteria, the periplasmic fraction of the 
bacteria can be isolated by cold osmotic shock in addition to 
other methods knoWn to skill in the art. To isolate recom 
binant proteins from the periplasm, the bacterial cells are 
centrifuged to form a pellet. The pellet is resuspended in a 
buffer containing 20% sucrose. To lyse the cells, the bacteria 
are centrifuged and the pellet is resuspended in ice-cold 5 
mM MgSO4 and kept in an ice bath for approximately 10 
minutes. The cell suspension is centrifuged and the super 
natant decanted and saved. The recombinant proteins 
present in the supernatant can be separated from the host 
proteins by standard separation techniques Well knoWn to 
those of skill in the art. 

[0140] B. Standard Protein Separation Techniques for 
Purifying the Kv6.2 Monomers 

[0141] Solubility Fractionation 

[0142] Often as an initial step, particularly if the protein 
mixture is complex, an initial salt fractionation can separate 
many of the unWanted host cell proteins (or proteins derived 
from the cell culture media) from the recombinant protein of 
interest. The preferred salt is ammonium sulfate. Ammo 
nium sulfate precipitates proteins by effectively reducing the 
amount of Water in the protein mixture. Proteins then 
precipitate on the basis of their solubility. The more hydro 
phobic a protein is, the more likely it is to. precipitate at 
loWer ammonium sulfate concentrations. A typical protocol 
includes adding saturated ammonium sulfate to a protein 
solution so that the resultant ammonium sulfate concentra 
tion is betWeen 20-30%. This concentration Will precipitate 
the most hydrophobic of proteins. The precipitate is then 
discarded (unless the protein or interest is hydrophobic) and 
ammonium sulfate is added to the supernatant to a concen 
tration knoWn to precipitate the protein of interest. The 
precipitate is then solubiliZed in buffer and the excess salt 
removed if necessary, either through dialysis or dia?ltration. 
Other methods that rely on solubility of proteins, such as 
cold ethanol precipitation, are Well knoWn to those of skill 
in the art and can be used to fractionate complex protein 
mixtures. 

[0143] SiZe Differential Filtration 

[0144] The molecular Weight of the Kv6.2 monomers can 
be used to isolated it from proteins of greater and lesser siZe 
using ultra?ltration through membranes of different pore 
siZe (for example, Amicon or Millipore membranes). As a 
?rst step, the protein mixture is ultra?ltered through a 
membrane With a pore siZe that has a loWer molecular 
Weight cut-off than the molecular Weight of the protein of 
interest. The retentate of the ultra?ltration is then ultra?l 
tered against a membrane With a molecular cut off greater 
than the molecular Weight of the protein of interest. The 
recombinant protein Will pass through the membrane into 
the ?ltrate. The ?ltrate can then be chromatographed as 
described beloW. 

[0145] Column Chromatography 

[0146] The Kv6.2 monomers can also be separated from 
other proteins on the basis of its siZe, net surface charge, 
hydrophobicity, and af?nity for ligands. In addition, anti 
bodies raised against proteins can be conjugated to column 
matrices and the proteins immunopuri?ed. All of these 
methods are Well knoWn in the art. It Will be apparent to one 
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of skill that chromatographic techniques can be performed at 
any scale and using equipment from many different manu 
facturers (e.g., Pharmacia Biotech). 

V. Immunological Detection of Kv6.2 

[0147] In addition to the detection of Kv6.2 genes and 
gene expression using nucleic acid hybridization technol 
ogy, one can also use immunoassays to detect the Kv6.2 
monomers. Immunoassays can be used to qualitatively or 
quantitatively analyZe the Kv6.2 monomers. A general over 
vieW of the applicable technology can be found in HarloW & 
Lane, Antibodies: A Laboratory Manual (1988). 

[0148] A. Antibodies to Kv6.2 monomers 

[0149] Methods of producing polyclonal and monoclonal 
antibodies that react speci?cally With the Kv6.2 monomers 
are knoWn to those of skill in the art (see, e.g., Coligan, 
Current Protocols in Immunology (1991); HarloW & Lane, 
supra; Goding, Monoclonal Antibodies: Principles and Prac 
tice (2d.ed. 1986); and Kohler & Milstein, Nature 2561495 
497 (1975). Such techniques include antibody preparation 
by selection of antibodies from libraries of recombinant 
antibodies in phage or similar vectors, as Well as preparation 
of polyclonal and monoclonal antibodies by immuniZing 
rabbits or mice (see, e.g., Huse et al., Science 24611275 
1281 (1989); Ward et al., Nature 341:544-546 (1989)). 

[0150] A number of immunogens comprising portions of 
Kv6.2 monomers may be used to produce antibodies spe 
ci?cally reactive With Kv6.2 monomers. For example, 
recombinant Kv6.2 monomers or an antigenic fragment 
thereof, such as the subunit association region or the 54-56 
region, can be isolated as described herein. Recombinant 
protein can be expressed in eukaryotic or prokaryotic cells 
as described above, and puri?ed as generally described 
above. Recombinant protein is the preferred immunogen for 
the production of monoclonal or polyclonal antibodies. 
Alternatively, a synthetic peptide derived from the 
sequences disclosed herein and conjugated to a carrier 
protein can be used an immunogen. Naturally occurring 
protein may also be used either in pure or impure form. The 
product is then injected into an animal capable of producing 
antibodies. Either monoclonal or polyclonal antibodies may 
be generated, for subsequent use in immunoassays to mea 
sure the protein. 

[0151] Methods of production of polyclonal antibodies are 
knoWn to those of skill in the art. An inbred strain of mice 
(e.g., BALB/C mice) or rabbits is immuniZed With the 
protein using a standard adjuvant, such as Freund’s adju 
vant, and a standard immuniZation protocol. The animal’s 
immune response to the immunogen preparation is moni 
tored by taking test bleeds and determining the titer of 
reactivity to the beta subunits. When appropriately high 
titers of antibody to the immunogen are obtained, blood is 
collected from the animal and antisera are prepared. Further 
fractionation of the antisera to enrich for antibodies reactive 
to the protein can be done if desired (see HarloW & Lane, 
supra). 
[0152] Monoclonal antibodies may be obtained by various 
techniques familiar to those skilled in the art. Brie?y, spleen 
cells from an animal immuniZed With a desired antigen are 
immortaliZed, commonly by fusion With a myeloma cell (see 
Kohler & Milstein, Eur. J. Immunol. 6:511-519 (1976)). 
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Alternative methods of immortaliZation include transforma 
tion With Epstein Barr Virus, oncogenes, or retroviruses, or 
other methods Well knoWn in the art. Colonies arising from 
single immortaliZed cells are screened for production of 
antibodies of the desired speci?city and af?nity for the 
antigen, and yield of the monoclonal antibodies produced by 
such cells may be enhanced by various techniques, including 
injection into the peritoneal cavity of a vertebrate host. 
Alternatively, one may isolate DNA sequences Which 
encode a monoclonal antibody or a binding fragment thereof 
by screening a DNA library from human B cells according 
to the general protocol outlined by Huse et al., Science 
246:1275-1281 (1989). 

[0153] Monoclonal antibodies and polyclonal sera are 
collected and titered against the immunogen protein in an 
immunoassay, for example, a solid phase immunoassay With 
the immunogen immobiliZed on a solid support. Typically, 
polyclonal antisera With a titer of 104 or greater are selected 
and tested for their cross reactivity against non-Kv proteins 
or other Kv6 family members such as Kv6.1 or other Kv 
superfamily members, using a competitive binding immu 
noassay. Speci?c polyclonal antisera and monoclonal anti 
bodies Will usually bind With a Kd of at least about 0.1 mM, 
more usually at least about 1 uM, preferably at least about 
0.1 uM or better, and most preferably, 0.01 uM or better. 

[0154] Once the speci?c antibodies against a Kv6.2 are 
available, the Kv6.2 can be detected by a variety of immu 
noassay methods. For a revieW of immunological and immu 
noassay procedures, see Basic and Clinical Immunology 
(Stites & Terr eds., 7th ed. 1991). Moreover, the immunoas 
says of the present invention can be performed in any of 
several con?gurations, Which are revieWed extensively in 
EnZyme Immunoassay (Maggio, ed., 1980); and HarloW & 
Lane, supra. 

[0155] B. Immunological Binding Assays 

[0156] The Kv6.2 can be detected and/or quanti?ed using 
any of a number of Well recogniZed immunological binding 
assays (see, e.g., U.S. Pat. Nos. 4,366,241; 4,376,110; 4,517, 
288; and 4,837,168). For a revieW of the general immunoas 
says, see also Methods in Cell Biology: Antibodies in Cell 
Biology, volume 37 (Asai, ed. 1993); Basic and Clinical 
Immunology (Stites & Terr, eds., 7th ed. 1991). Immunologi 
cal binding assays (or immunoassays) typically use an 
antibody that speci?cally binds to a protein or antigen of 
choice (in this case the Kv6.2 or an antigenic subsequence 
thereof). The antibody (e.g., anti-Kv6.2) may be produced 
by any of a number of means Well knoWn to those of skill 
in the art and as described above. 

[0157] Immunoassays also often use a labeling agent to 
speci?cally bind to and label the complex formed by the 
antibody and antigen. The labeling agent may itself be one 
of the moieties comprising the antibody/antigen complex. 
Thus, the labeling agent may be a labeled Kv6.2 polypeptide 
or a labeled anti-Kv6.2 antibody. Alternatively, the labeling 
agent may be a third moiety, such a secondary antibody, 
Which speci?cally binds to the antibody/Kv6.2 complex (a 
secondary antibody is typically speci?c to antibodies of the 
species from Which the ?rst antibody is derived). Other 
proteins capable of speci?cally binding immunoglobulin 
constant regions, such as protein Aor protein G may also be 
used as the label agent. These proteins exhibit a strong 
non-immunogenic reactivity With immunoglobulin constant 
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regions from a variety of species (see, e.g., Kronval et al.,]. 
Immunol. 111:1401-1406 (1973); Akerstrom et al.,]. Immu 
nol. 135:2589-2542 (1985)). The labeling agent can be 
modi?ed With a detectable moiety, such as biotin, to Which 
another molecule can speci?cally bind, such as streptavidin. 
A variety of detectable moieties are Well knoWn to those 
skilled in the art. 

[0158] Throughout the assays, incubation and/or Washing 
steps may be required after each combination of reagents. 
Incubation steps can vary from about 5 seconds to several 
hours, preferably from about 5 minutes to about 24 hours. 
HoWever, the incubation time Will depend upon the assay 
format, antigen, volume of solution, concentrations, and the 
like. Usually, the assays Will be carried out at ambient 
temperature, although they can be conducted over a range of 
temperatures, such as 10° C. to 40° C. 

[0159] Non-Competitive Assay Formats 

[0160] Immunoassays for detecting the Kv6.2 in samples 
may be either competitive or noncompetitive. Noncompeti 
tive immunoassays are assays in Which the amount of 
antigen is directly measured. In one preferred “sandwich” 
assay, for example, the anti-Kv6.2 subunit antibodies can be 
bound directly to a solid substrate on Which they are 
immobiliZed. These immobiliZed antibodies then capture 
Kv6.2 present in the test sample. The Kv6.2 monomers are 
thus immobiliZed and then bound by a labeling agent, such 
as a second Kv6.2 antibody bearing a label. Alternatively, 
the second antibody may lack a label, but it may, in turn, be 
bound by a labeled third antibody speci?c to antibodies of 
the species from Which the second antibody is derived. The 
second or third antibody is typically modi?ed With a detect 
able moiety, such as biotin, to Which another molecule 
speci?cally binds, e.g., streptavidin, to provide a detectable 
moiety. 

[0161] Competitive Assay Formats 

[0162] In competitive assays, the amount of the Kv6.2 
present in the sample is measured indirectly by measuring 
the amount of knoWn, added (exogenous) Kv6.2 displaced 
(competed aWay) from an anti-Kv6.2 antibody by the 
unknoWn Kv6.2 present in a sample. In one competitive 
assay, a knoWn amount of the Kv6.2 is added to a sample and 
the sample is then contacted With an antibody that speci? 
cally binds to the Kv6.2. The amount of exogenous Kv6.2 
bound to the antibody is inversely proportional to the 
concentration of the Kv6.2 present in the sample. In a 
particularly preferred embodiment, the antibody is immobi 
liZed on a solid substrate. The amount of Kv6.2 bound to the 
antibody may be determined either by measuring the amount 
of Kv6.2 present in a Kv6.2/antibody complex, or alterna 
tively by measuring the amount of remaining uncomplexed 
protein. The amount of Kv6.2 may be detected by providing 
a labeled Kv6.2 molecule. 

[0163] A hapten inhibition assay is another preferred com 
petitive assay. In this assay the knoWn Kv6.2 is immobiliZed 
on a solid substrate. AknoWn amount of anti-Kv6.2 antibody 
is added to the sample, and the sample is then contacted With 
the immobiliZed Kv6.2. The amount of anti-Kv6.2 antibody 
bound to the knoWn immobiliZed Kv6.2 is inversely pro 
portional to the amount of Kv6.2 present in the sample. 
Again, the amount of immobiliZed antibody may be detected 
by detecting either the immobiliZed fraction of antibody or 
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the fraction of the antibody that remains in solution. Detec 
tion may be direct Where the antibody is labeled or indirect 
by the subsequent addition of a labeled moiety that speci? 
cally binds to the antibody as described above. 

[0164] Cross-Reactivity Determinations 

[0165] Immunoassays in the competitive binding format 
can also be used for crossreactivity determinations for 
Kv6.2. For example, a protein have at least a partial 
sequence of SEQ ID NO:1 or SEQ ID NO:17, or a protein 
at least partially encoded by SEQ ID NO:2 or SEQ ID 
NO:18 or an immunogenic region thereof, such as the 
subunit association region or the S4-S6 region, can be 
immobiliZed to a solid support. Other proteins such as other 
Kv6 family members, e.g., Kv6.1 or Kv 6.2 orthologs, are 
added to the assay so as to compete for binding of the 
antisera to the immobiliZed antigen. The ability of the added 
proteins to compete for binding of the antisera to the 
immobiliZed protein is compared to the ability of the Kv6.2 
having a sequence of SEQ ID NO:1 or SEQ ID NO:17 to 
compete With itself. The percent crossreactivity for the 
above proteins is calculated, using standard calculations. 
Those antisera With less than 10% crossreactivity With each 
of the added proteins listed above are selected and pooled. 
The cross-reacting antibodies are optionally removed from 
the pooled antisera by immunoabsorption With the added 
considered proteins, e.g., distantly related homologs. 

[0166] The immunoabsorbed and pooled antisera are then 
used in a competitive binding immunoassay as described 
above to compare a second protein, thought to be perhaps an 
allele, ortholog, or polymorphic variant of Kv6.2, to the 
immunogen protein. In order to make this comparison, the 
tWo proteins are each assayed at a Wide range of concen 
trations and the amount of each protein required to inhibit 
50% of the binding of the antisera to the immobiliZed protein 
is determined. If the amount of the second protein required 
to inhibit 50% of binding is less than 10 times the amount 
of the protein encoded by Kv6.2 that is required to inhibit 
50% of binding, then the second protein is said to speci? 
cally bind to the polyclonal antibodies generated to the 
respective Kv6.2 immunogen. 

[0167] Other Assay Formats 

[0168] Western blot (immunoblot) analysis is used to 
detect and quantify the presence of the Kv6.2 in the sample. 
The technique generally comprises separating sample pro 
teins by gel electrophoresis on the basis of molecular Weight, 
transferring the separated proteins to a suitable solid sup 
port, (such as a nitrocellulose ?lter, a nylon ?lter, or deriva 
tiZed nylon ?lter), and incubating the sample With the 
antibodies that speci?cally bind Kv6.2. The anti-Kv6.2 
antibodies speci?cally bind to Kv6.2 on the solid support. 
These antibodies may be directly labeled or alternatively 
may be subsequently detected using labeled antibodies (e. g., 
labeled sheep anti-mouse antibodies) that speci?cally bind 
to the anti-Kv6.2 antibodies. 

[0169] Other assay formats include liposome immunoas 
says (LIA), Which use liposomes designed to bind speci?c 
molecules (e.g., antibodies) and release encapsulated 
reagents or markers. The released chemicals are then 
detected according to standard techniques (see Monroe et 
al., Amen Clin. Prod. Rev. 5:34-41 (1986)). 
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[0170] Reduction of Non-Speci?c Binding 
[0171] One of skill in the art Will appreciate that it is often 
desirable to minimize non-speci?c binding in immunoas 
says. Particularly, Where the assay involves an antigen or 
antibody immobilized on a solid substrate it is desirable to 
minimiZe the amount of non-speci?c binding to the sub 
strate. Means of reducing such non-speci?c binding are Well 
knoWn to those of skill in the art. Typically, this technique 
involves coating the substrate With a proteinaceous compo 
sition. In particular, protein compositions such as bovine 
serum albumin (BSA), nonfat poWdered milk, and gelatin 
are Widely used With poWdered milk being most preferred. 

[0172] Labels 
[0173] The particular label or detectable group used in the 
assay is not a critical aspect of the invention, as long as it 
does not signi?cantly interfere With the speci?c binding of 
the antibody used in the assay. The detectable group can be 
any material having a detectable physical or chemical prop 
erty. Such detectable labels have been Well-developed in the 
?eld of immunoassays and, in general, most any label useful 
in such methods can be applied to the present invention. 
Thus, a label is any composition detectable by spectro 
scopic, photochemical, biochemical, immunochemical, 
electrical, optical or chemical means. Useful labels in the 
present invention include magnetic beads (e.g., DYNA 
BEADSTM), ?uorescent dyes (e.g., ?uorescein isothiocyan 
ate, Texas red, rhodamine, and the like), radiolabels (e.g., 
3H, 1251, 35S, 14C, or =P), enZymes (e.g., horse radish 
peroxidase, alkaline phosphatase and others commonly used 
in an ELISA), and calorimetric labels such as colloidal gold 
or colored glass or plastic beads (e.g., polystyrene, polypro 
pylene, latex, etc.). 
[0174] The label may be coupled directly or indirectly to 
the desired component of the assay according to methods 
Well knoWn in the art. As indicated above, a Wide variety of 
labels may be used, With the choice of label depending on 
sensitivity required, ease of conjugation With the compound, 
stability requirements, available instrumentation, and dis 
posal provisions. 
[0175] Non-radioactive labels are often attached by indi 
rect means. Generally, a ligand molecule (e.g., biotin) is 
covalently bound to the molecule. The ligand then binds to 
another molecules (e.g., streptavidin) molecule, Which is 
either inherently detectable or covalently bound to a signal 
system, such as a detectable enZyme, a ?uorescent com 
pound, or a chemiluminescent compound. The ligands and 
their targets can be used in any suitable combination With 
antibodies that recogniZe Kv6.2, or secondary antibodies 
that recogniZe anti-Kv6.2 antibodies. 

[0176] The molecules can also be conjugated directly to 
signal generating compounds, e.g., by conjugation With an 
enZyme or ?uorophore. EnZymes of interest as labels Will 
primarily be hydrolases, particularly phosphatases, esterases 
and glycosidases, or oxidotases, particularly peroxidases. 
Fluorescent compounds include ?uorescein and its deriva 
tives, rhodamine and its derivatives, dansyl, umbelliferone, 
etc. Chemiluminescent compounds include luciferin, and 
2,3-dihydrophthalaZinediones, e.g., luminol. For a revieW of 
various labeling or signal producing systems that may be 
used, see US. Pat. No. 4,391,904. 

[0177] Means of detecting labels are Well knoWn to those 
of skill in the art. Thus, for example, Where the label is a 
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radioactive label, means for detection include a scintillation 
counter or photographic ?lm as in autoradiography. Where 
the label is a ?uorescent label, it may be detected by exciting 
the ?uorochrome With the appropriate Wavelength of light 
and detecting the resulting ?uorescence. The ?uorescence 
may be detected visually, by means of photographic ?lm, by 
the use of electronic detectors such as charge coupled 
devices (CCDs) or photomultipliers and the like. Similarly, 
enZymatic labels may be detected by providing the appro 
priate substrates for the enZyme and detecting the resulting 
reaction product. Finally simple colorimetric labels may be 
detected simply by observing the color associated With the 
label. Thus, in various dipstick assays, conjugated gold often 
appears pink, While various conjugated beads appear the 
color of the bead. 

[0178] Some assay formats do not require the use of 
labeled components. For instance, agglutination assays can 
be used to detect the presence of the target antibodies. In this 
case, antigen-coated particles are agglutinated by samples 
comprising the target antibodies. In this format, none of the 
components need be labeled and the presence of the target 
antibody is detected by simple visual inspection. 

VI. Assays for Modulators of Kv6.2 

[0179] A. Assays 

[0180] Kv6.2 monomers and Kv6.2 alleles, orthologs, and 
polymorphic variants are subunits of voltaleg-gated potas 
sium channels. The activity of a potassium channel com 
prising Kv6.2 can be assessed using a variety of in vitro and 
in vivo assays, e.g., measuring current, measuring mem 
brane potential, measuring ion ?ux, e.g., potassium or 
rubidium, measuring potassium concentration, measuring 
second messengers and transcription levels, using potas 
sium-dependent yeast groWth assays, and using e.g., volt 
age-sensitive dyes, radioactive tracers, and patch-clamp 
electrophysiology. 

[0181] Furthermore, such assays can be used to test for 
inhibitors and activators of channels comprising Kv6.2. 
Such modulators of a potassium channel are useful for 
treating various disorders involving potassium channels. 
Treatment of dysfunctions include, e.g., endocrine disorders, 
CNS disorders such as migraines, hearing and vision prob 
lems, psychotic disorders, seiZures, and use as neuroprotec 
tive agents (e.g., to prevent stroke). Such modulators are 
also useful for investigation of the channel diversity pro 
vided by Kv6.2 and the regulation/modulation of potassium 
channel activity provided by Kv6.2. 

[0182] Modulators of the potassium channels are tested 
using biologically active Kv6.2, either recombinant or natu 
rally occurring. Kv6.2 can be isolated, co-expressed in a 
cell, or co-expressed in a membrane derived from a cell. In 
such assays, Kv6.2 is expressed alone to form a homomeric 
potassium channel or is preferably co-expressed With a 
second alpha subunit (e.g., another Kv superfamily member 
such as Kv2.1 or Kv2.2 or a Kv6 family member) so as to 
form a heteromeric potassium channel. Kv6.2 can also be 
expressed With additional beta subunits. Modulation is 
tested using one of the in vitro or in vivo assays described 
above. Samples or assays that are treated With a potential 
potassium channel inhibitor or activator are compared to 
control samples Without the test compound, to examine the 
extent of modulation. Control samples (untreated With acti 
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vators or inhibitors) are assigned a relative potassium chan 
nel activity value of 100. Inhibition of channels comprising 
Kv6.2 is achieved When the potassium channel activity 
value relative to the control is about 90%, preferably 50%, 
more preferably 25%. Activation of channels comprising 
Kv6.2 is achieved When the potassium channel activity 
value relative to the control is 110%, more preferably 150%, 
more preferable 200% higher. Compounds that increase the 
?ux of ions Will cause a detectable increase in the ion current 
density by increasing the probability of a channel compris 
ing Kv6.2 being open, by decreasing the probability of it 
being closed, by increasing conductance through the chan 
nel, and/or by alloWing the passage of ions. 

[0183] Changes in ion ?ux may be assessed by determin 
ing changes in polariZation (i.e., electrical potential) of the 
cell or membrane expressing the potassium channel com 
prising Kv6.2. A preferred means to determine changes in 
cellular polariZation is by measuring changes in current 
(thereby measuring changes in polarization) With voltage 
clamp and patch-clamp techniques, e.g., the “cell-attached” 
mode, the “inside-out” mode, and the “Whole cell” mode 
(see, e.g., Ackerman et al., New Engl. J. Med. 33611575 
1595 (1997)). Whole cell currents are conveniently deter 
mined using the standard methodology (see, e.g., Hamil et 
al., PFlugers. Archiv. 391:85 (1981). Other knoWn assays 
include: radiolabeled rubidium ?ux assays and ?uorescence 
assays using voltage-sensitive dyes (see, e.g., Vestergarrd 
Bogind et al.,J. Membrane Biol. 88:67-75 (1988); Daniel et 
al., J. Pharmacol. Meth. 25:185-193 (1991); Holevinsky et 
al., J. Membrane Biology 137:59-70 (1994)). Assays for 
compounds capable of inhibiting or increasing potassium 
?ux through the channel proteins comprising Kv6.2 can be 
performed by application of the compounds to a bath 
solution in contact With and comprising cells having a 
channel of the present invention (see, e.g., BlatZ et al., 
Nature 323:718-720 (1986); Park, J. Physiol. 481:555-570 
(1994)). Generally, the compounds to be tested are present 
in the range from 1 pM to 100 mM. 

[0184] The effects of the test compounds upon the func 
tion of the channels can be measured by changes in the 
electrical currents or ionic ?ux or by the consequences of 
changes in currents and ?ux. Changes in electrical current or 
ionic ?ux are measured by either increases or decreases in 
?ux of ions such as potassium or rubidium ions. The cations 
can be measured in a variety of standard Ways. They can be 
measured directly by concentration changes of the ions or 
indirectly by membrane potential or by radio-labeling of the 
ions. Consequences of the test compound on ion ?ux can be 
quite varied. Accordingly, any suitable physiological change 
can be used to assess the in?uence of a test compound on the 
channels of this invention. The effects of a test compound 
can be measured by a toxin binding assay. When the 
functional consequences are determined using intact cells or 
animals, one can also measure a variety of effects such as 
transmitter release (e.g., dopamine), hormone release (e.g., 
insulin), transcriptional changes to both knoWn and unchar 
acteriZed genetic markers (e.g., northern blots), cell volume 
changes (e.g., in red blood cells), immunoresponses (e.g., T 
cell activation), changes in cell metabolism such as cell 
groWth or pH changes, and changes in intracellular second 
messengers such as Ca2+, or cyclic nucleotides. 

[0185] Preferably, the Kv6.2 that is a part of the potassium 
channel used in the assay Will have the sequence displayed 
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in SEQ ID NO:1, SEQ ID NO:17, or a conservatively 
modi?ed variant thereof. Alternatively, the Kv6.2 of the 
assay Will be derived from a eukaryote and include an amino 
acid subsequence having substantial amino acid sequence 
identity to the subunit association region or the S4-S6 region 
of Kv6.2. Generally, the amino acid sequence identity Will 
be at least 70%, preferably at least 75, 80, 85, 90%, most 
preferably at least 95%. 

[0186] Kv6.2 orthologs Will generally confer substantially 
similar properties on a channel comprising such Kv6.2, as 
described above. In a preferred embodiment, the cell placed 
in contact With a compound that is suspected to be a Kv6.2 
homolog is assayed for increasing or decreasing ion ?ux in 
a eukaryotic cell, e.g., an oocyte of Xenopus (e.g., Xenopus 
laevis) or a mammalian cell such as a CHO or HeLa cell. 
Channels that are affected by compounds in Ways similar to 
Kv6.2 are considered homologs or orthologs of Kv6.2. 

[0187] B. Modulators 

[0188] The compounds tested as modulators of Kv6.2 
channels comprising a Kv6.2 subunit can be any small 
chemical compound, or a biological entity, such as a protein, 
sugar, nucleic acid or lipid. Alternatively, modulators can be 
genetically altered versions of a human Kv6.2 subunit. 
Typically, test compounds Will be small chemical molecules 
and peptides. Essentially any chemical compound can be 
used as a potential modulator or ligand in the assays of the 
invention, although most often compounds can be dissolved 
in aqueous or organic (especially DMSO-based) solutions 
are used. The assays are designed to screen large chemical 
libraries by automating the assay steps and providing com 
pounds from any convenient source to assays, Which are 
typically run in parallel (e.g., in microtiter formats on 
microtiter plates in robotic assays). It Will be appreciated 
that there are many suppliers of chemical compounds, 
including Sigma (St. Louis, Mo.), Aldrich (St. Louis, Mo.), 
Sigma-Aldrich (St. Louis, Mo.), Fluka Chemika-Bio 
chemica Analytika (Buchs SWitZerland) and the like. 

[0189] In one preferred embodiment, high throughput 
screening methods involve providing a combinatorial 
chemical or peptide library containing a large number of 
potential therapeutic compounds (potential modulator or 
ligand compounds). Such “combinatorial chemical librar 
ies” or “ligand libraries” are then screened in one or more 
assays, as described herein, to identify those library mem 
bers (particular chemical species or subclasses) that display 
a desired characteristic activity. The compounds thus iden 
ti?ed can serve as conventional “lead compounds” or can 
themselves be used as potential or actual therapeutics. 

[0190] A combinatorial chemical library is a collection of 
diverse chemical compounds generated by either chemical 
synthesis or biological synthesis, by combining a number of 
chemical “building blocks” such as reagents. For eXample, 
a linear combinatorial chemical library such as a polypeptide 
library is formed by combining a set of chemical building 
blocks (amino acids) in every possible Way for a given 
compound length (i.e., the number of amino acids in a 
polypeptide compound). Millions of chemical compounds 
can be synthesiZed through such combinatorial miXing of 
chemical building blocks. 

[0191] Preparation and screening of combinatorial chemi 
cal libraries is Well knoWn to those of skill in the art. Such 
































