
The similarity between Eag and cyclic 
nucleotide-gated channels extends beyond 
S6 into the COOH-terminal region, includ- 
ing the putative cyclic nucleohde binding 
domain. This domain is homologous to the 
cGMP binding region of cGMP-activated 
kinases (7, 8). The COOH-terminal cyto- 

Similarities in Amino Acid Sequences of Drosophila 
eag and Cyclic Nucleotide-Gated Channels 

plasmic domains of voltage-gated K+ chan- 
nels show no amino acid similarity with Eag 
or with cyclic nucleotide-gated channels. 
Mutations in the eag gene alter identified K+ 
channels gated by voltage or by Ca2+ in 
Drosophila muscles (6). These effects may 

The Drosophila ether ago-go (eag) gene has 
been reported to be similar to the Drosophila 
Shaker ( S h )  family of structural genes en- 
coding voltage-gated potassium ion (K+) 
channels (1). We have now found that the 
eag polypeptide (Eag) is more closely related 
to polypeptides of cyclic nucleotide-gated 
cation channels than to those of voltage- 
gated K+ channels. For the channel-forming 
regions of the protein sequences (S1 
through S6), we found 47 amino acids that 
were identical between Shal and eag, 42 
between Shal and a guanosine 3', 5'-mono- 
phosphate (cGMP)-gated channel, and 62 
between eag and a cGMP-gated channel. 

The similarity between Eag and the cyclic 
nucleotide-gated channels is greatest in S2, 
S5, S6, and COOH-terminal segments of 
the sequences. The only regions in which 
Eag is substantially more similar to Sh  volt- indicate formation of heteromeric channels 

containing subunits encoded by eag by other 
K+ channel genes (6). If so, the similarities 
between Eag and nucleotide-gated channels 

age-gated K+ channels than to cyclic nucle- 
otide-gated channels are the putative pore- 
forming hairpin (Z), P (3) [which was 
previously called H5 (4) or SS1-SS2 ( 5 ) ] ,  
S4, and the segment linking S4 to S5. This 
is noteworthy because Eag may combine 

raise the possibility that this type of combi- 
natorial assembly could produce voltage- 
and Ca2+-gated K+ channels that are mod- - .  

with other G e s  of K+ channel subunits to ulated b y  second messengers such as 
cGMP and adenosine 3',5'-monophos- 
phate. 
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produce K+ selective channels (6), whereas 
cyclic nucleotide-gated channels are relative- 
ly nonselective &ong cations (7). 

Shal NPHtSTsalvPYyVTgffIaVSVmanVveTVPcghrpgra 216 
eag pPHillhYcaPkaIwd-wvILcLTfytAimVFy-----nv 258 
CGMP DPsgNTyYnwlFcITl-pVKyMyrmiIArAc--------- 186 

" 

Shal GtlpcgerYkiVffcLDTacvMIPtaEyLLR---1PaAP- 252 
eag AFknktSEdVsL-LvVDSIvDVIFfIDIVLnfHTtFVGPG 297 
CGMP -FdelqSDYLeywLafDyLsDVVY1LDMfVRtRTgYLeqG 225 
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Madison, WI 53706 eag ~~wsD~KVIR!~NYLKSW-PIIDLLSCLPY~V~ n ~ f d r ~ ~  33 6 
cGMP 11VkeErlCLId-KYksTfaFkLDVLSIIPtDLlvi----- 259 

Shal DdVSGaF?TLRVfRVfRIfKfsrhsQgLRiLgyTLkScAS 322 
eag DgIGSlPSALKWfRLLRLGRV-- -- --VRkLdRyLeygAA 37 0 Fig. of portions of 
CGMP -kfGwnY~eIR~nRLLItIsRMfeffp--RtetR~ny~nif 296 Eag to the Drosophila Shal K+ ( 9 )  
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1 54 1 and c ~ ~ p - z a t e d  (7) channels and 

shal eLGfLVf ~LaaIiifAtVmqraa -------------- N 348 the two 
eag InLilLLcFyMLVaHWlACIwYSIGRd (14 )-(I3 ) PE 429 cGMP-dependent protein kinase 
cGMP ~ I S ~ L V ~ Y I I I I I H W ~ A C V ~ P S I S K ~ - ~ ~ ~ G N ~ T ~ ~ ~ - P D  334 (cGK1 and cGK2) (8). Putative 

I s 5 I transmembrane segments and 
Shal - m ( 3 t N F t S I - - - - p A A f w y T I V ~ L G y G D M v p E T i A g  383 cGh4P binding dom'ns arc 
eaq ~ ~ G ~ s ~ ~ s M - - - - A L Y F ~ ~ ~ s v G ~ c J N v - T D N E  466 lined. Exact matches arc indicaccd 

by bold letters and conservative 
substitutions by capital letters. The 
alignment was influenced by ho- 
mologous sequences from many ad- 
ditional voltage-gated K+, Na+, 
and CaZ+ channels and from other 
cyclic nucleotide-gated channels. 
The Shal sequence is used to repre- 
sent the K+ channels because the 
intervening regions between its 
transmembrane segments are clos- 
est in length to those of the eag 
sequence. Initial alignments were 
obtained by six computer programs 
(10). When ambiguous alignments 
were obtained (for example, Sl),  
the alignment was adjusted manu- 
ally to optimize alignment of the 
hydrophilic residues in the trans- 
membrane segments. The segments 
of the cyclic nucleotide-gated chan- 
nels aligned with P and S6 of K+ 
channels differ from those in a pre- 
vious alignment (1 1). 
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