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the preceding Precalnbrian era. which 
represents about 90% of the geological 
record, biostratigraphy is generally pre- 
cluded by the absence of  large organ- 
isms ~ v i t h  preser\-able body parts, which 
appeared in spectacular diversity and 
abundallce only at the end of this era. 
Throughout  geological  t ime.  coarse r  
grained siliciclastic rocks (roclcs such as 
sandstones that are mostly made up of 
silicate rock fragments) present a partic- 
ular problem because fossils are not pre- 
served under the more destructi\-e condi- 
tions of their deposition. 

Dating of siliciclastic sedimentary se- 
quences has, to date, been achieved most- 
ly by the well-established stratigraphic 
tool of age bracketing (2, 3).  which in- 
volves the dating of those units within a 
sedimentary sequence that are amenable 
to direct isotopic age determination (such 
as volcanic units: carbonate sequences. or 
fine-grained shales contailling datable di- 
ageiletic clay minerals) or: in the Phanero- 
zoic only. biostratigraphy. Others have 
studied the ages of individual detrital zir- 
cons. another uranium-rich mineral in 
lvhich lead isotopes pro\-ide a chronome- 
ter (4) .  This resistant mineral survives 
high-energy depositional environments 
and is common in coarse clastic sedi- 
ments. Howe\-er: it can only provide a 
rnaxi~lluln date for sedimentation because 
the age determined from the zircon simply 
reflects the age of the rock from ~vhich it 
crystallized. For example, the Torridonian 
sandstones of northwest Scotland shown 
in the figure contain zircons that are pre- 
dominantly late Archaean [about 2.7 bil- 
lion years ago (Ga)] and h/Iesoproterozoic 
(about 1.8 to 1.6 Ga) ( 5 ) .  although we 
know that the sedi~nent mas deposited af- 
ter about 1.2 Ga (6). Clearly, all of these 
methods have limitations that restrict their 
applicability and accuracy for dating sedi- 
mentary sequences. 

McNaughto~l  et  01. have now dated 
xenotime overgrowths on zircon crystals 
in sandstone. They present morpl~ological 
evidence from electron nlicroscopy that 
the xellotimes lvere formed after sedimen- 
tation, because the fine, angular crystals 
that they obser\-e would ha\-e been de- 
stroyed during sediment transport. They 
suggest that the xenotilnes mere formed 
immediately below the sediment-water in- 
terface by circulating pore fluids and are 
therefore truly diagenetic in origin. Xeno- 
time is very amenable to dating with the 
uranium-lead radioactive decay system. It 
preferentially incorporates uraniunl in 
high concentrations during crystallization 
under exclusion of lead and therefore all 
of  the  measured  lead  i s  rad iogenic ,  
formed from in situ decay of the uranium. 

greatly facilitating the dating of the xeno- sect dating and application of these dates 
time formation. 

McNaughton  et  ill. report  f i n d i n g  
xenotime overgromths in about half of the 
25 siliciclastic sediments of all ages that 
they have inxstigated. They suggest that 
their method mill enable diagenesis of 
siliciclastic sediment to be dated with 
reasonable accuracy throughout the geo- 
logical record, although it is likely that 
the youngest sediments will require fur- 

to uilderstallding the timing of local and 
global tectonic processes. Given the poten- 
tial of this method, the limiting factor is 
likely to be the a\-ailability of analytical 
capacity on the small number of large ion 
microprobes: which are required for these 
measurement. rather than the availability 
of suitable rocks for dating. 
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For the Latest Information, 
Tune to Channel KcsA 

Bojan Zagrovic and Richard Aldrich 

P 
o t a s s i u ~ n  ion  (K+) channe ls  a re  channel opens and closes (gates): ar- 
transinembrane proteins that regu- guably the most important question in 
la te  K' ion  f lux  across  the cel l  ion channel physiology. Different ion 

nlernbrane with remarkable selecti\-ity channels gate in different ways: Some 
and efficiency. Their activity underlies are acti\-ated by changes in cell mem- 
fundamental biological processes such as brane voltage, others by binding of li- 
electrical signaling: osmotic balance. and gand. KcsA is activated by changes in 
signal trailsduction (1). Last year, Mac- extracellular pH. 
Kinnon and col leagues published the In their study, Perozo et al. trapped 
crvstal structure of KcsA. the K- channel the KcsA channel in both the oaen and 
of the bacterium Sfi.eptomyces lividurzs 
( 2 ) :  ushering the field into a new era. 
Building on this landmarl< study, Roux 
and MacKinnon now report 011 page 100 
a computational analysis of the electro- 
static forces that stabilize K' ions inside 
the central cavity of the KcsA ion chan- 
nel (3). Further. Perozo et al. (4) on page 
73 describe the conformational changes 
that take place in KcsA as it opens and 
closes. a process called gating that can be 
followed by electroll paramagnetic reso- 
nance (EPR). 

Although the crystal structure of the 
KcsA channel has yielded valuable in- 
forination about permeation (that is. how 
the channel selectively translocates K- 

closed conformations and then analyzed 
the difference in  the EPR signal ( 5 ) .  
They introduced cysteine residues at se- 
lect locations in each of the four identi- 
cal subunits  of  KcsA-in t ransmem- 
brane helices 1 and 2 (TM1 and TM2) 
and in the pore a helices (see the fig- 
ure). They then labeled the helices with 
nitroxide spin labels, and analyzed the 
change in spin-label mobility and inter- 
subunit spin-spin coupling as the chan- 
nel gated in response to changes in pH. 
They found that TM1 and Th42 under- 
went conformational  changes (r igid-  
body translations and counterclocl<wise 
rotations around the channel's central 
cavity) as the pore opened. Opening of 

ions across the membrane), it has not of- the pore seemed to be dlrectly coupled to 
feled definitl\e ansuers about hou the the mo\ement of the foul TM2 l~elices 

Their displacement increased the diame- 
tel of  the permeat ion p a t h a a v  at the 
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mains immobile during gating, there 
does appear to be a small movement at 
the carboxyl terminus. Several other pro- 
teins with transmembrane helices, in- 
cluding the acetylcholine receptor (6) 
and rhodopsin (7), are also activated by a 
change in conformation in the absence of 
any change in secondary structure. 

The Perozo study is a good example 
of the fruitful melding of structural infor- 
mation from KcsA (a prokaryotic ion chan- 
nel) and functional informa- 
tion from eukaryotic channels 
such as the fruit fly K+ chan- 
nel (Shaker), for which no 
high-resolution structure ex- 
ists. For example, chemical 
modification of cysteine resi- 
dues introduced into S6-a 
putative transmembrane seg- 
ment of the Shaker channel ho- 
mologous to TM2 in KcsA- 
showed that the gating of 
Shaker is accompanied by a 
conformational change in the 
carboxyl terminus of S6 akin 
to the hisplacement seen in 
TM2 (8). The findings in 
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example, voltage-activated channels) are 
far more complex. If the conformational 
changes observed by Perozo et al. occur 
in eukaryotic channels, then how are the 
voltage sensors in voltage-activated chan- 
nels coupled to the displacement of the 
transmembrane helices? The answer will 
probably have to await analysis of a high- 
resolution structure of a eukaryotic volt- 
age-activated channel. Together with 
what we already know about voltage-acti- 

quently, K+ ion stability in the pore's cen- 
tral cavity is critically dependent on the 
exact orientation of the helices with re- 
spect to the central cavity and their rear- 
rangement during the course of gating. 
The most surprising but satisfying finding 
is that the electrostatic effects of the ion- ~ ~ 

binding site in the cavity are tuned to 
preferentially accommodate a monovalent 
cation. It will be interesting to see 
whether the same principles hold for other 

monovalent and divalent 
cation-selective channels. 

The conformational change 
in the carboxyl terminus of 
the pore a helices observed by 
Perozo et al., combined with 
the contribution of these he- 
lices to the stability of the K+ 
ions in the pore determined by 
Roux and MacKinnon, sug- 
gests a possible explanation 

I'M 2 (inner M ix )  

for a long-standing puzzle 
about the origin of subconduc- 
tance levels in different ion 
channels (12. 13). (Sometimes 
channel ho-1ec;les conduct 
less than the maximum level 

KcsA and Shaker were inter- of current, and this is referred 
preted as evidence for the to as subconductance.) On the 
existence of a gate in the in- K+ ions on the mwe. Depicted are two of the four subunits of the bacterial basis of these two studies, we 
tracellular region of the pore K+ channel, KcsA. Each subunit is composed of two transmembrane helices, speculate that movements of 
that controls entry of K+ into an outer helix (TM1) and an inner helix (TMZ), and an interior fold called the the pore a helices may alter 
the pore from the cell cy- pore a helix.The central cavity and the four pore a helices help to preferen- the stability of the ion in the 
tosol. This intracellular gate tially select monovalent over divalent cations and to stabilize the ion as it central cavity, thereby affect- 
seems to be distinct from the passes through the membrane. Movement of the fourTM2 helices opens and ing the amount of current 
narrow section of the pore closes the pore (a process called gating), allowing K' ions to exit the cell cy- passing through the channel. 
that acts as a selectivity fil- tos0LTM1 corresponds to 55 in the fruit fly K' channel (Shaker) andTM2 to 56. Shaker channels, subcon- 
ter, allowing only K+ ions ductance states are traversed 
(and not Na+ ions) to enter as the pore opens and closes 
the pore. A series of ion-trapping experi- vated ion channels from functional mea- (12). It is possible that this is caused by 
ments initiated by Armstrong (9) also surements, this may lead to an unprece- the pore a helices occupying a transient 
supports this view. The extracellular re- dented degree of understanding of a bio- intermediate state, creating a different 
gion surrounding the selectivity filter logical macromolecule. affinity binding site for a K+ ion during 
appears not to be involved in opening In a complementary report, Roux and gating. The support for this hypothesis 
and closing of the pore because binding MacKinnon present an incisive computa- will have to come from further experi- 
of scorpion toxin to the extracellular re- tional analysis of the electrostatic profile ments and computational analyses. 
gion of the Ca2+-activated K+ channel of the KcsA pore. By solving the finite 
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