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ABSTRACT We have cloned two inwardly rectifying K+
channels that occur selectively in neurons in the brain and are
designated BIRK (brain inwardly rectifying K+) channels.
BIRK1 mRNA is extremely abundant and is enriched in
specific brainstem nuclei, BIRK1 displays a consensus phos-
phate-binding loop, and expression in Xenopus oocytes has
shown that its conductance is inhibited by ATP and adenosine
5'-[y-thio]triphosphate. BIRK2 is far less abundant and is
selectively localized in telencephalic neurons. BIRK2 has a
consensus sequence for cAMP-dependent phosphorylation.

The first K+ channel genes sequenced were rapidly inactivating
A-type, delayed rectifier-type channels identified in Drosoph-
ila, comprising several gene subfamilies, Shaker, Shaw, Shal,
and Shab (1, 2). Later, mammalian homologues for these
channels were identified (3-10). Inwardly rectifying K+ chan-
nels are important regulators of cellular functions, such as the
resting membrane potential (11) and cholinergic slowing of the
heart (12). The four distinct inwardly rectifying K+ channels
which have been molecularly cloned differ markedly in their
transmembrane topology from the previously cloned K+ chan-
nels. One of them, ROMK1, is most highly concentrated in the
kidney (13); another, IRK1, in heart ventricle, skeletal muscle,
and forebrain (14); a third, GIRK1/KGA, in the heart atrium,
where it conveys the cholinergic G-protein influences on K+
conductance (15, 16); and a fourth, HRK1/HIR, is expressed
in brain and muscle tissue (17, 18). We now report the cloning
and functional expression of two inwardly rectifying K+ chan-
nels that are localized selectively to the brain. We have des-
ignated these channels BIRK1 and BIRK2 (brain inwardly
rectifying K+ channels 1 and 2).**

EXPERIMENTAL PROCEDURES
DNA Methods. DNA manipulations were carried out ac-

cording to standard protocols (19). DNA was sequenced by the
dideoxy chain-termination method with a Sequenase kit (Unit-
ed States Biochemical). Fully degenerate oligonucleotide
primers were synthesized, corresponding to aa 141-146 and
290-295 in ROMK1 (13). PCR was performed with these
primers to amplify first-strand cDNA from rat brain poly(A)+
RNA, at an annealing temperature of 56°C. The PCR products
were excised from an agarose gel and cloned into pBluescript
(Stratagene), and 12 independent recombinants were se-
quenced. The two novel sequences obtained, BIRK1 and
BIRK2, were used for plaque hybridization under high-
stringency conditions [65°C; 0.1 x standard saline citrate
(SSC)] to isolate cDNA clones from a rat brain library. PCR
primers included 9-bp sequences at the 5' end which allowed
subcloning intoEcoRI andBamHI sites. The primer sequences
were 5'-GGGGGATCCACNAT(T/C/A)GGNTA(T/C)G-
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GNTT-3' and 5'-GCGGAATTCACNACNA(G/T)(T/C)TC-
A(A/G)TC-3'.
Northern Blot Analysis. Poly(A)+ RNA samples were elec-

trophoresed in 1% formaldehyde/1% agarose gels. The size-
separated RNAs were then transferred to nitrocellulose mem-
branes, hybridized (42°C; 50% formamide/6X SSC/0.5%
SDS) with random primer-labeled probes (3 x 106 32P cpm/ng;
108 cpm per filter), and washed at high stringency (65°C; 0.2X
SSC/0.5% SDS). Blots were exposed to x-ray film for various
times as described in Fig. 2. A 0.9-kb 5' fragment ofBIRK1 was
used as a probe. Full-length cDNA probes were used for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
BIRK2, 1.4 and 2.9 kb, respectively.

In Situ Hybridization. In situ hybridization was performed
(20) with end-labeled-base oligonucleotide probes: BIRK1,
5'-GTAATAGACCTTGGCAACTGATGTCATCTTGG-
CACAGAGGTGGAG;ACCCTCCCCGCTGCGGAGGGG-
GAGATCTTGCAA; GGGGGACGCCACTTTCACAAC-
CTGGTCAAAAAGGCTGAAGTCAGC-3'; BIRK2,5'-CT-
CCGACTCCAGTTCCTCCTTGCCCATGCCGTAGAGT-
GGACTGTC; GGGGGACGCCACTTTCACAACCTGGT-
CAAAAAGGCTGAAGTCAGC; GTAATAGACCTTGG-
CAACTGATGTCATCTTGGCACAGAGGTGGAG-3'.

Electrophysiology. Oocyte preparations and two-electrode
voltage-clamp recordings have been described (21, 22). Except
in external K+ substitution experiments, most of the recordings
were collected from the oocytes bathed in 50mM K+ perfusion
solution containing 50 mM KCI, 48 mM NaCl, 0.2 mM CaCl2,
1 mM MgCl2, and 5 mM Hepes (pH 7.4). ATP and adenosine
5'-[y-thio]triphosphate (ATP[yS]) were purchased from
Boehringer Mannheim and were dissolved in normal Ringer's
saline. The drugs were injected into oocytes by an automatic
pressure injector (IM-200; Narishige, Greenvale, NY). The
needle tips for injection were 3-5 ,um in diameter and the
injection volume was '10 nl.

RESULTS
Molecular Cloning and Sequencing of BIRK1 and BIRK2

Channels. Degenerate oligonucleotide primers were con-
structed to conserved regions shared by the inwardly rectifying
K+ channels IRK1 and ROMK1 and used in reverse transcrip-
tion-PCR to amplify homologous genes from rat brain RNA
preparations. Of 12 sequenced products, 5 corresponded to
IRK1 whereas 4 and 3 corresponded to two distinct sequences
that we have designated BIRK1 and BIRK2, respectively (Fig.
1). These products were employed to screen rat brain cDNA
libraries. Of 300,000 clones screened, 24 hybridized to the

Abbreviations: ATP[,yS], adenosine 5'-[--thio]triphosphate; GAPDH, gly-
ceraldehyde-3-phosphate dehydrogenase.
tPresent address: Department of Physiology, University of California,
San Francisco, School of Medicine, Room S-859, 513 Parnassus
Avenue, San Francisco, CA 94143-0444.
'To whom reprint requests should be addressed.
**The sequences reported in this paper have been deposited in the
GenBank data base (accession nos. U27558 and U27582).

6753



6754 Neurobiology: Bredt et al.

B2I RK
Bl RK2
IRK

ROMK
G I R K

BI RK
B2 RK2

1 RK
ROMK
G IRK

BI RK
B2 RK2

I RK
ROMK
G I R K

BI RK
2I RK2

I RK
ROMK
G RK

BI RK
B2 RK2

RK
ROMK
GI RK

Proc. Natl. Acad. Sci. USA 92 (1995)

Ml
MTSVAKVYYSOTTQTESRPL .. ... ....... VAPGIRRRRVLTKDGRSNVRMEHI .ADKRFLYLKDLWTTFIDMOWRYKLLLFSPTFTGTW:FLF

MHGHSRNGSPRAORKR. RNR.F.VKK NGOCN.VY:FANL. SNKSORYMADIFTTCVD. WRYMLMI-fSAAFLVSWULFR
MGS V RTN RVS I VS S E EDGM K LAT M AV ANGFGNGKS K V HTROOCRSRFrVKKDGRCN VOrF I NV GEKGQORY LADITFTT CCVD I RWRWM LVIFC LArFV LSWLTF
MGASERSVFRVLIRALTERMFKHLRRWFIT ... . HIFGRSRORARLVSKEGRCNIE FNVDAOSRFIFFvD1WTTVLDLKwRYKMTvFITrAFLGSWFLF
MS A LRRK FGDDYQV VTTSSSGSG LQPOGPGOGPOOO LV PKK KRORFVDKNGRCNVOHGN LGS ETS RY LS D LFTT LVDLKWRWN LFI F I LTYT V AW LFM

*VVWVLVAVA~2DLLFLGPPANHTPCVGAGARH - M2
GV VWY LV AV AHGDLLE LGPPAN HTPVGAGAHT ..... .......... Y LGAF LFS LESQTT I GYGFR: I SEECP LALE LL I AOLV LTT I LE I F I TGT F LA
G L L FWC T A FF HGD L E PS LR A HGGS PGG NGGGAAP RA AK P CY HAC KR LF WGAF L FS V GAOTT YGY G.F:RC V TEErC'P L AV I AV VY OS 1. VGCV I DS F M I GT I M A
GCVFWLIALLHGDLDTSKVSKACVSEVNS ..... .............. FTAA'FLFS IE:TOTTIGYGFRCVTDECPIAVFMVVFWSIVGCTI DAFIIGAVMA
GLLWYVVAYVHKO)LPEFYPPDNRTPCYVE.NING .... .......... MTSAFLFSLETOVTIGYGFRFVTEOCATAIFLLIFOSILGVIINSFMCGAILA
ASMWWVIAYTRGDLNK.AHVGNYTPCV.ANVYN .............. FPSAFLFFIETEATIGYGFRYITDKCPEGIILfLFOSILGSI.VDAFLIGCMFI

K I ARPKKRAETI RFSOHA:VVAY LNGK LCLM I RV AN:MRKS LL I[GCQVTGkjLL0THQTK EGED 1 RLNOV N VT FOVDT AS-DS PF L I LP LT FY HV VDETSP LOD
KHARPKKRAOT LLFSHHAV.ISV R. TK C:LMWGWV4 LRKS H I VRL I K PY MTOEGEY LP LDORD LNVGYD I GLDR IrLVSP I I IV HE I DEDSP'LYG
KMAKP'KKRNETLVFS HNAV I AMRDGK'LCLMWRVGN LRK-S H LV EAWjRtA0 LLKSR I TS EGEY I PLDO I D I NVGFDS H I KR I F LVSP I T I VHE I DEDSPLYD
KISRPKKRAKTITF-SKNAVISKRGGKLCLLIRVANLR1S LL1|WSI LKTTI TPEGXT1 I LQGNIYNFVVDAGNENLfFISPLTVH H2HN$PFFH
K MS OPKKR AET LM FS E H AVt I S MRDC:KLT LtFRVGN LRNS K MVYS AO I RCK LLKS ROTP EGE F LPLDO L E LDVGFS TGADO LFLVSP LT I CHV IDAKSP F YD

LP LRS . GEGDS E LV L LSGT VISTS AT:COVRTS Y LP E E.I.LWGV E FTPA I S LS ASGK Y V ADFS LFDOV V KV AS PGG LRDS T V RY GDPE:KLKLEES
MGKEEAGVGGFEIVVYI:LEGMAEATAfMTTOARSSV OAS'E:ItWGH4RF EPV V. FEEEKSHYKVDYSRFH KTYEVAGTP .... CCSARELOESKITVLPAPPPPP
LSKODIDNADrEIWWI L.EGMVEATANTTOCfRSSYLAN E:tLWGHRY EPYVL. FEEKHY:KVDYSRFHKTYEV PNTP .... LCSARDLAEKKYILSNA .....
MAAETLSOODFELVVY LDGTVESTSATCOVRTSYVPEEVLWGYRFVPIVSKTKEGKYRVDFHNFGKTVEYETPHCAMCLYNEKDARARMKRGYDNP ....

LSORSMQTEOFYEVVVY :LEGIVETTG:MTCOARTSYTEDEVLOGHVLR.FFPVISL. EEGFFK.VDYSOFH ATFEV.PTPP. YSVKEQEEVMLLMSSPLI. K..

..........LREQAEKEGSALSVRISNV
SAFCYENNELALMSOEEEEMEEEAAAAAAVAAGLGLEAGSKEETGI IRMI EFGSHLDLERMOAATLP LDNISVYRRESAI
NSFCYENEVALTSKEEEEDSENGVPESTST .... ................. DSPPGI DLHNOASVPtEPRPLRRESEL

....... NFV LSEVDETDDTOM
... APAI TNSKERHNSVECLDGLDDISTKLPSK LOKTGREDFPKK LLRMSSTTSEKAYS LGDLPMKLORISSVPGNSEEKLVSKTTKMLSDPMSO

GIRKI SVADLPPKLOKMAGGPTRMEGNLPAKLRKMNSDRFT

BIRK1

82
7 1
99
9 5
9 8

1 68
1 70
1 81
1 80
82

268
2 69
28
2 8 0
2 8 2

36
364
37
376
372

380
442
4 2 8

38 1
4 6 6

50

BIRK2

Fin. 1. (UL'per-) Predlicted armilno acid SeqILuCnCCeS of BIRK I
and BIRK2 atre showntaligncd with scqucnces of the other threc
known inwardly rectifyino K chainnels. IRKI. ROMKI. and
GIRKI. Amino acids conservcd in a majority of the aligned
sequcnccs arc shaded. The hydrophobic transmcmbrane cdo-
mains (MI and M2) and the 115 domi1ain arc overlincd. Thc
phosphaitc-binding loop conisensus sequences in ROMKI and
BIRKI arc boxed. Stiar denotes the conscnsus scquence or
N-linked glycosylationi in BIRKI. Arr-ow indicaLtes the BIRK2
conscnsus phosphorylation scqucncc. Amino acid gaps withlin
the alignnments are noted by dots. (Loiweir) Schemaitic miodlc
depicting the predicted transmenibraine topologies of BIRKI
and BI RK2 and the' spatial rclationships of the idcntificed
consensus motifs.

BIRK1 probe and 2 to the BIRK2 probe. The largest BIRK1
clone, 2.8 kb, and the largest BIRK2 clone, 2.9 kb, were
sequenced. These sequences correspond to those of two chan-
nels reported while this work was in preparation (23).
Both BIRK1 and BIRK2 are clearly members of the in-

wardly rectifying K+ channel family, with negligible resem-
blance to outward rectifiers. Like the other inward rectifiers,
BIRK1 and BIRK2 display only two membrane-spanning
domains (Ml and M2). They also possess an H5 consensus
sequence, a component of the presumed ion permeation pore,
which is conserved in a superfamily of voltage- and second
messenger-gated cation channels (24). Within H5 both BIRK1
and BIRK2 display the Tyr-Gly motif which is characteristic of
K+ channels. The M2 region of each channel possesses an
acidic amino acid at a position corresponding to amino acid 171
of the ROMK1 channel. This residue was recently demon-
strated to gate the voltage-dependent intracellular Mg2+ block
resulting in inward rectification (25-29). Alignment of BIRK1
and BIRK2 with the other cloned inwardly rectifying K+
channels reveals that these genes fall into subfamilies. BIRK1
displays 47% amino acid sequence identity to the previously
cloned inward rectifier K+ channel ROMK1, and only 35% and
37% identity to IRK1 and GIRK1, respectively. BIRK2 evinces
91% amino acid sequence identity to HRK1/HIR, 56% iden-
tity to IRK1, and only 32% identity to ROMK1 and GIRK1.
BIRK1 and BIRK2 display 32% amino acid sequence identity
to each other. Thus BIRK1 and ROMK1 constitute two

members of one subfamily and BIRK2, HRK1/HIR, and IRK1
belong to a second.

Inward rectifiers within these subfamilies share certain
important sequence motifs. BIRKI possesses a phosphate-
loop binding consensus site (Gly-Xaa4-Gly-Lys) at the same
location as a comparable site in ROMK1 (Fig. 1). This motif
is absent in BIRK2. A consensus sequence for N-linked
glycosylation in the extracellular region bridging Ml and H5 is
shared by BIRK1 and ROMK1 and is absent in BIRK2 (Fig.
1). At the carboxyl terminus, BIRK2 has the cAMP-dependent
phosphorylation consensus sequence Arg-Arg-Xaa-Ser, which
is not present in BIRK1. Interestingly, IRK1 contains the
identical consensus sequence at the carboxyl terminus, despite
the fact that there is no other sequence homology between
IRK1 and BIRK2 in this region of the channels.
BIRK1 and BIRK2 mRNAs Are Differentially Localized in

the Brain. Northern blot analysis of rat brain BIRK1 mRNA
revealed a single species of 5.5 kb (Fig. 2). No expression was
detected in kidney, spleen, liver, heart, and skeletal muscle.
Substantial levels occur in all brain regions, with highest
amounts in the brainstem. This distribution contrasts strikingly
with that of BIRK2. Two distinct sizes of BIRK2 mRNA were
observed, 6 and 3 kb. These two species must likely derive from
alternative splicing, as they have essentially identical regional
distributions. Like the BIRK1 message, BIRK2 mRNAs were
not detected in kidney, spleen, liver, heart, and skeletal muscle.
BIRK2 is most prominently expressed in the cerebral cortex,
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FIG. 2. BIRK mRNA expression in brain and peripheral tissues.
Northern blot was carried out with poly(A)+ RNA (10 ,ug per lane)
from kidney (Ki), spleen (Sp), liver (Li), heart (He), skeletal muscle
(Sk), whole brain (Br), cerebellum (Cb), cerebral cortex (Cx), hip-
pocampus (Hi), corpus striatum (St), and brainstem (Bs). BIRK1 and
BIRK2 mRNAs were present only in brain tissue. The BIRK1 probe
hybridized to a 5.5-kb band ubiquitous in the brain but most enriched
in the brainstem. BIRK2 recognized bands of 5.6 and 3 kb which were

present only in telencephalic brain regions. Hybridization of an

identical blot with GAPDH cDNA indicated the integrity of the RNA
in all tissues. All three blots were hybridized under similar conditions.
Exposure times were adjusted relative to signal strengths: BIRK1, 24
hr; BIRK2, 14 days; GAPDH, 12 hr. Positions of 18S and 28S rRNAs
are indicated.

with somewhat lower levels in the corpus striatum, very modest
amounts in the hippocampus, and no expression in the cere-

bellum or brainstem. The most striking difference between
BIRKi and BIRK2 involves relative amounts of mRNA.
Comparable intensities in Northern blot analysis were ob-
tained for the most enriched brain regions with exposure times
of 24 hr for BIRK1 and 2 weeks for BIRK2. By Northern blot
analysis, we compared the abundance of BIRKi mRNA to that
ofGAPDH mRNA. The autoradiographic intensity for BIRK1
was about half that for GAPDH when parallel blots were

hybridized under identical conditions with probes specific for
these two genes (Fig. 2).

In situ hybridization for BIRKi mRNA (Fig. 3A-C) in brain
revealed a neuronal distribution which paralleled the regional
distribution shown by Northern blot analysis. In a parasagittal
section of adult rat brain, high levels of expression were

apparent in specific brainstem nuclei, including the trigeminal
nucleus and the pontine nucleus. BIRK1 expression was also

apparent in superior and inferior colliculi. Ammon's horn and
dentate gyrus of the hippocampus, anterior pretectal nucleus
of thalamus, and cerebral cortex. Horizontal sections of brain
allowed further definition of the sites of BIRKi expression.
The highest densities of BIRK1 mRNA in the brain were

observed in the area postrema. Other brainstem nuclei of
high-density hybridization included the vestibular nuclei, the
motor and spinal trigeminal nuclei, the ventral cochlear nu-

cleus, and the ventral nucleus of the lateral lemniscus. In the
forebrain, high levels of BIRKi message were apparent in the

subthalamic nuclei and in linear stripes lining the lateral, third,
and fourth ventricles.

In situ hybridization patterns of BIRK2 mRNA (Fig. 3 D-G)
resembled results of Northern blot analysis. Highest levels
occurred in the forebrain, with negligible levels in the brain-
stem and diencephalon. The dentate gyrus of the hippocampus
was prominently labeled, more than the CA1-CA3 regions.
High levels in gray matter of the cerebral cortex were most
prominent in superficial layers, whereas the corpus callosum
and other white-matter areas were unlabeled. The corpus
striatum displayed substantial BIRK2 hybridization, as did the
olfactory tubercle. The very low mRNA levels in the granule
cell layer of the cerebellum were probably nonspecific, being
retained following RNase treatment.

Contrasting Electrophysiological Properties of BIRK1 and
BIRK2. Injection of in vitro transcribed RNA for BIRK1 and
BIRK2 channels into Xenopus oocytes produced inwardly
rectifying currents with slight voltage-dependent inactivation
at negative potentials (Fig. 4). For both BIRK1 and BIRK2,
inward current increased linearly with the extent of hyperpo-
larization. The slope conductance at negative potentials for
BIRK1 was 10.3 ± 2.4 ,uS, and for BIRK2 was 20.3 ± 0.9 ,tS.
BIRK1 had a larger outward current at voltages above the K+
equilibrium potential than BIRK2. Inwardly rectifying cur-
rents expressed from both clones were sensitive to external
Ba2+ (Fig. 4). Ba2+ (50 ,M) blocked the currents in a voltage-
dependent manner and was most effective at negative voltages.
To determine the ionic specificity of the channels we moni-
tored the reversal potential in the presence of various external
K+ concentrations. The slope of the plot of the reversal
potential as a function of the logarithm of the external K+
concentration followed a Nernstian relationship, demonstrat-
ing that both BIRK1 and BIRK2 are selectively permeable to
K+ (data not shown).
BIRK1 displays a consensus sequence for ATP binding

which is absent in BIRK2. Therefore, we evaluated effects of
ATP[yS] and ATP injections in oocytes (Fig. 5). ATP[-yS] (5
nmol), a nonmetabolizable analogue of ATP, almost com-
pletely abolished the inward conductance of BIRK1 but barely
affected BIRK2. ATP (25 nmol) inhibited BIRK1 currents, but
less so than ATP[,yS]. Maximal inhibition of BIRK1 inward
current occurred 15 min after injection of ATP and gradually
recovered to preinjection values over 40 min, probably due to
ATP metabolism. The average suppression by ATP[,yS] of
BIRK1 currents at 15 min was 90% ± 7%, compared with 44%
± 10% by ATP.

DISCUSSION

One of our most striking findings is the extraordinarily high
density of BIRK1 mRNA. What brain function might be
served by so abundant a channel? Regulation of neuronal
resting membrane potential is one possibility, as the resting
membrane potential is primarily determined by the K+ con-
ductance and would not be affected by outwardly rectifying
channels, which are active only in depolarized cells. Because of
its high density and significant outward current at depolarizing
potentials, BIRK1 may be the most likely determinant of
resting membrane potential, though the other inward rectifi-
ers, ROMK1, IRK1, GIRK1, and BIRK2, may also participate.
The sensitivity of BIRK1 to ATP suggests a role in regu-

lating neuronal responses to glucose. In the pancreas, inhibi-
tion of ATP-sensitive K+ channels following glucose metab-
olism to ATP depolarizes 13 cells, triggering insulin release
(30-33). Conceivably, BIRK1 similarly regulates neuronal
firing in response to varying glucose levels.

In BIRK2 the carboxyl-terminal protein kinase A consensus
sequence, shared with IRK1 and HRK1/HIR, may mediate
neurotransmitter modulation of channel activity by cAMP.
Thus, glutamate inhibits an inwardly rectifying K+ conduc-
tance by stimulating adenylyl cyclase and activating protein
kinase A (34). Norepinephrine, serotonin, and histamine also

Neurobiology: Bredt et al.
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FIG. 3. Localization of BIRK1 and BIRK2 mRNAs in brain. (A-C) In situ hybridization to BIRK1 mRNA shows high levels of expression
in discrete brain regions. In parasagittal sections (A) BIRKi hybridization is apparent in certain forebrain structures, including the cerebral
cortex (CX), hippocampus (HC), and thalamus (T). In the mid- and hindbrain BIRKi is enriched in the superior and inferior colliculi (CO),
the pontine nucleus (Pn), the motor nucleus of the trigeminal nerve (Mo5), and the deep cerebellar nuclei and granule cell layer of the
cerebellum (CB). Horizontal sections (B and C) reveal extremely high levels of BIRKi expression in specific brainstem nuclei. Densest levels
are present in the area postrema (AP), with high levels occurring in the vestibular nucleus (Ven), cochlear nucleus (Cn), spinal trigeminal
nucleus (Sp5), and the lateral lemniscus (LL). High levels also are apparent in the ventral tegmental area, the subthalamic nuclei (STh), and
linear stripes lining the ventricles (3V). (D-G) In situ hybridization to BIRK2 mRNA shows the channel to be exclusively expressed in the
forebrain. Highest levels are found in the cerebral cortex (CX) and dentate gyrus of the hippocampus (HC). High densities of silver grains
are also present in the corpus striatum (ST), olfactory tubercle (OT), and anterior olfactory nucleus (ON). Essentially no hybridization is seen
in the midbrain or hindbrain. H, hypothalamus; GP, globus pallidus. All hybridization is eliminated by RNase treatment of the sagittal brain
section (E) or the left "split-brain" coronal section (G).

suppress K+ currents via protein kinase A (35). Certain opiate
receptors and muscarinic cholinergic receptors inhibit adenylyl
cyclase to open K+ channels (36).

BIRK2 and HRK1/HIR are 91% identical, suggesting that
BIRK2 is the rat homologue of the human HRK1/HIR.
Northern analysis reveals that some differences do exist in
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FIG. 4. Inwardly rectifying currents
fromXenopus oocytes injected with cRNA
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FIG. 5. ATP[,yS] and ATP inhibit BIRK1 (0, 0) but not BIRK2 (A,
v) current. K+ currents (IK) generated by both clones at -80 mV were

measured at various times following ATP['yS] (-, A) or ATP (0, v)
exposure and were expressed as a ratio to the original currents before
ATP['yS] or ATP addition (I° ).

localization, with HIR abundant in cardiac tissue, where
BIRK2 is absent (18). HIR but not BIRK2 occurs in the
amygdala (18).
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