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identified by EPR7, which in turn activates 
the G-protein transducin. The tilting of a 
transmembrane a-helix in the proton 
pump bacteriorhodopsin that opens the 
proton pathway - characterized by elec
tron microscopy (EM)8 - is another classic 
example of rigid body movements in mem
brane proteins. Additionally, a concerted 
twisting motion of pore lining helices ( also 
detected using EM) opens the acetylcholine 
receptor channel9• Likewise, the pore open
ing in the KcsA K + channel is highly likely to 
be the consequence of one - or the combi
nation of several - rigid body movements. 

For channels, receptors and pumps, high 
resolution structures both in the resting 
state and in the activated state are perhaps 
an optimal solution for the elucidation of 
molecular mechanisms. However, crystal
lization of these membrane proteins is 
extremely difficult, and static crystal struc
tures can provide only limited data on pro
tein dynamics. In contrast, whereas 
obtaining three-dimensional structures of 
proteins by EPR is difficult, the technique 
can readily provide data on the dynamic 
motions of a protein. Current EPR tech
nologies also allow quantitative measure
ments of protein motions10• Small -1 A 
movements of signal transmitting trans
membrane helices in the aspartate receptor 
have been recently characterized using these 
quantitative approaches11 . The current sue-
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cess of Perozo and coworkers1 with the K+ 
channel and the advances being made in 
our understanding of receptor proteins7•11 

are excellent examples of the unique advan
tages of spin labeling EPR for investigating 
specific biological problems. 

Since the structure of the KcsA channel 
was unknown at the time of these EPR 
experiments, Perozo and coworkers attempt
ed to build a model for the membrane span
ning helices, TMl and TM2, of the 
tetrameric channel based on their EPR mea
surements1. In fact, it has been long suggest
ed that, using spin labeling EPR, it is in 
principle possible to determine protein 
structure at the resolution of the peptide 
backbone. The attempt by Perozo et al. with 
their data on the KcsA channel has put this 
ambitious suggestion to a serious test for the 
first time. The nitroxide scanning ex-peri
ments that were the major EPR strategy in 
their study rely heavily on the periodic 
behaviors of the spectral lineshapes as well as 
the relaxation times. This EPR approach for 
determining secondary structure works 
exceptionally well for long a-helices such as 
membrane-spanning a-helices. The quality 
of the secondary structure for TM 1 and TM2 
determined in the study by Perozo et al. 1 is 
excellent and is in good agreement with that 
seen in the crystal structure2. However, what 
the nitroxide scanning experiments cannot 
provide is distant constraints, which are 

absolutely necessary to pos1t1on the sec
ondary structural elements relative to one 
another in three-dimensional space. Due to 
the lack of such distance constraints, the a
helix packing and relative angles between 
helices are rather coarse in the structural 
model. With the new X-band EPR tech
nique, the distance between two spin labels 
can be measured quite accuartly in the range 
of 7-25 Aw. Full implemantation of this 
advanced EPR method to obtain distance 
constraints will provide the next step in the 
attempt to derive the first EPR determined 
structure. 
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Channels, channels everywhere 
The recent report of the bacterial KcsA 
potassium channel structure shows the 
most essential part of an ion channel -
its selectivity pore. However, KcsA lacks 
other regions commonly found in related 
channels. KcsA has only two transmem
brane domains per monomer, unlike 
many of its relatives, such as members of 
the Shaker family of K+ channels which 
have six transmembrane regions per 
monomer. Also, the cytoplasmic N- and 
C-terminal regions in KcsA are shorter 
than those in Shaker channels. The - 130 
amino acids immediately preceding the 
first transmembrane helix in the Shaker 
K+ channel (a region known as the Tl 
domain) are known to play an important 
role; they stabilize the active tetrameric 
form of the channel to facilitate both 
homo- and hetero-multimerization, one 
of the mechanisms responsible for gener
ating the functional and pharmacological 
diversity ofK+ channels. 
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A recent structure of the Shaker Tl 
domain shows that the monomers form a 
tetramer surrounding a water-filled hole 
that may possibly form the cytoplasmic 
entrance to the transmembrane region of 
the pore (see top image; Kreusch, A. et al. 
Nature 392, 945-948). In this structure, 
interactions among 15 polar residues, 
which are conserved within the Shaker sub
family, stabilize the tetramer. In a side view 
of the molecular surface (bottom image; 
positive in blue, negative in red), the front 
subunit of the tetramer has been removed, 
and the two polar interaction surfaces of 
the monomers are shown. Because of the 
symmetry in the tetramer, the charged sur
face of the monomer on the left is identical explained: the 15 interface residues that are 
to the charged surface of the removed conserved in the Shaker subfamily have 
monomer that would interact with the sub- only - 7% conservation among non-Shaker 
unit on the right. The tendency of Shaker channels, a much lower number than the 
monomers to oligomerize only with other - 39% conservation between Shaker and 
Shaker subfamily members and not non-Shaker channel sequences throughout 
with non-Shaker monomers is readily the whole protein. TLS 
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