
SCIENTIFIC CORRESPONDENCE 

Two other morphological features of 
enteropneusts further suggest that the 
dorsal surfaces of enteropneusts and chor­
dates are homologous. First, entero­
pneusts have a putative homologue of the 
chordate notochord on the dorsal side of 
the animal, the stomochord 10

. Second, 
enteropneusts have U-shaped branchial 
skeletons of identical design and orienta­
tion with chordates6

-S. 

Before one can conclude that an inver­
sion of the dorsoventral axis occurred at 
the time of origin of the chordates, mini­
mally it must be shown that: (1) BMP-2 is 
expressed ventrally in vertebrates, and 
member(s) of the dpp subfamill are 
expressed ventrally in 'protochordates'; 
(2) the dorsal nerve cord of enterop­
neusts and chordates are not homo­
logues; (3) the stomochord is not the 
homologue of the notochord; and ( 4) the 
pharyngeal skeletons in enteropneusts 
and chordates arose independently. Until 
then, Geoffroy's original hypothesis 

remains simply a matter of historical sig­
nificance. 
K. J. Peterson 
Department of Earth and 

Space Sciences and IGPP 
Center for the Study of Evolution 

and the Origin of Life, 
University of California, Los Angeles, 
California 90024-1567, USA 
1. Arendt. D. & NObler-Jung. K. Nature 371. 26 (1994). 
2. Kingsley. D. M. Genes Oev. 8, 133-146 (1994). 
3. Patterson, C. in Problems of Phylogenetic Reconstruction 

(eds Joysey, K. A. & Friday, A. E.) 21-74 (Academic, 
London, 1982). 

4. Peterson, K. J. in Major Features of Vertebrate Evolution 
(eds Prothero, D. R. & Schoch, R.M.) 14-37 (Paleont. 
Soc. Univ. Tennessee, Knoxville, 1994). 

5. Schram, F. R. in The Early Evolution of Metazoa and the 
Significance of Problematic Taxa (eds Simonetta, A. M. 
& Conway Morris, S.) 35-46 (Cambridge Univ. Press, 
1991). 

6. Brusca, R. C. & Brusca, G. J. Invertebrates (Sinauer, 
Sunderland, Massachusetts, 1990). 

7. Hyman, L. H. The Invertebrates Vol. 5 (McGraw-Hill, New 
York, 1959). 

8. Nielsen, C. Bioi. J. Linn. Soc. 25, 243-299 (1985). 
9. Sarnat, H. B. & Netsky, M.G. Evolution of the Nervous 

System, 2nd edn (Oxford Un1v. Press, 1981). 
10. Balser, E. J. & Ruppert, E. E. Acta zoo/., Stockh. 71, 

235-249 (1990). 

Cation selectivity in ion channels 
SIR- Valera et al1

• and Brake et al. 2 have 
reported the amino-acid sequences of 
members of a novel class of ligand-gated 
ion channel, namely the ATP-gated 
channel or P2x receptor. The channel dis-

in alignment of the highly conserved 
TXTTXGXG motif in the H5 region 
of potassium channels5

. Of particular 
interest is the GXG motif within the H5 
region. In inwardly-rectifying and 

* voltage-gated potassium 
IRK1 K+ channel 
IRK2 K+ channel 
KATP K+ channel 
ROMK1 K+ channel 
Shaker A K+ channel 
DRK1 K+ channel 
ether-a-go-go 

1 10 
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P D A F w w A v v T M T T v G Y G D M channelc', tyrosine is re-
PASFWWATI TMTTVGYGDI 

P2x PC12 cells 
V T A L Y F T M T C M T S V G F G N V placed by phenylalanine, 
I P T I I N L A T A L T S I G V G S F while 1·n the p,_x receptor1•2 

P 2x vas deferens KAGKFDI I PTMTTI GSGI G " 
serine or valine present. 

Alignment of the H5 region of inwardly-rectifying potassium 
channels (IRK1, IRK2, KATP and ROMK1), voltage-gated potas­
sium channels (DRK1, Shaker A and ether-a-go-go) and 
ATP-gated channels (P2 x receptors). Boxed region. highly con­
served eight-residue potassium-channel signature sequence 5

. 

Asterisk, denotes the central position of the GXG motif. 

As proposed by Kumpf 
and Dougherty7

, the pres­
ence of aromatic amino 
acids within H5 may result 
in potassium-selective 
'cation-1r' interactions in 

plays cation selectivity when expressed in 
Xenopus oocytes, and both groups of 
authors propose a transmembrane 
topology similar to that of a recently 
cloned family of inwardly-rectifying potas­
sium channels\ with two potential 
membrane-spanning helices (Ml and M2) 
and an intervening region, H5. The 
sequence alignment proposed by Valera et 
al.1 for P2, cloned from rat vas deferens is 
very similar to inward-rectifiers and volt­
age-gated potassium channels within its 
HS region. 

We would like to propose an alternative 
assignment for the H5 region of P2x 

cloned from rat PC12 cells to that offered 
by Brake et al. 2

• Our assignment was 
obtained hy alignment of the proposed 
transmembrane regions of voltage-gated 
and inwardly-rectifying potassium chan­
nels with the P2x sequences1

•
2

, using the 
multiple sequence alignment package, 
AMPS4

• Our analysis (see figure) results 
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potassium channels. Thus, highly potassi­
um-selective inward-rectifiers and 
voltage-gated channels exhibit a con­
served tyrosine in GXG (or phenylalanine 
in ether-a-go-go), whereas in the non­
specific cation channels encoded by P2x 

tyrosine is replaced by a smaller, non­
aromatic residue 1

'
2

• 
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Bet on positional 
information 
SIR - One idea of how patterns of cellu­
lar differentiation are specified during 
development is that first, positional infor­
mation is set up in a population of cells, 
and second, that each cell interprets this 
information according to its genetic con­
stitution and developmental history1

. 

Recent studies have suggested that a 
related set of homeotic genes encode 
positional identity along the body axis of 
many animals, and it has even been sug­
gested that this defines a zootype that all 
animals share2 

• In insects, for example, 
one can think of the homcotic genes as 
acting together to give genetic addresses, 
which establish segment identity3

.4. Mar­
tinez Arias5 has challenged these ideas on 
the basis of the work of Warren et al., who 
have studied the expression of the 
homeotic gene Ultrabithorax (Ubx) in but­
terflies6. 

In Drosophila, Ubx is expressed in the 
third thoracic segment which forms a 
haltere. In butterflies the third thoracic 
segment carries a wing. According to Mar­
tinez Arias, "most punters would have put 
their money on the absence of expression" 
of Ubx in the third thoracic segment of 
butterflies because he thinks the homeotic 
genes are associated with specific struc­
tures. But I, and other colleagues I have 
asked, would not have put down even a 
penny in support of such an idea, for the 
identity of a segment as specified by 
homeotic genes says nothing about what 
structures it will develop. That is the cen­
tral idea of positional information. Indeed 
Warren et al.'s finding that in butterflies 
the third thoracic segment expresses Ubx 
strongly supports the idea of positional 
identity being specified by the homeotic 
genes. What has changed in evolution of 
the basic pattern of butterflies and flies is 
not the positional identity of the thoracic 
segments nor the deployment of homeotic 
genes, but their downstream targets. 
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