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when the index is negative (corres~ondii 
to AO- and NAG), t6ere is strong Arctic Patterns of Arctic Circulation High and the ice driit motion is cloclcwise 
in the Eurasian Basin (3, 8). In the first 

Lawrence A. Mysak case, the Transpolar Drift Stream, which 
transports ice and relatively 

0 n page 130 1 of this issue, Gobeil et a fresh surface water from the 
al. (1) elegantly present a picture of 0.2: z . Laptev Sea to Fram Strait 
the ocean transport pathways of '%$ oo: (see the second figure), is 

contaminant lead originating from Western :g u - curved toward the Beaufort 
Europe and Russia into the Arctic Ocean. 5 Sea before exiting the Arctic 

They further sug- ' ,I I 1950 1960 1 h o  1980 1 9 0  Ocean (3,8,9). In the second 
gest that the Arctic Years case, the Drift Stream flows 
Ocean circulation Multiple phases. Annual mean vorticity index (7) for the cen- directly from the Laptev Sea 
patterns involved in tral Ardic Ocean computed hm sea level preaure data. Brown to Fram Strait (see the sec- 
these transports- (blue) regions show positive (negative) phases of decadal vari- ond figure). 

the inflowing Atlantic water currents and ability, The heavy horizontal black lines show decadal means. When these atmospheric 
the Transpolar Drift Stream-have been ~ k ,  evident is a rnultidecadal (40- to 60-year) oscillation (3,4), and ice drift variations are 
relatively stable over the past 50 years. with mainly positive phases of the vorticity index in the Late placed in the context of 

The inflowing Atlantic water currents 1940s to  early 1950s and late 7980s to 1990s and a mainly when Gobeil et al. (I) col- 
and the Transpolar Drift Stream are mainly negative phase in the 1950s to 1980s. lected the sediments used in 
wind driven. Given that there are notable 
decadal and multidecadal osciIlations in 
the large-scale atmospheric circulation in 
high northern latitudes (2-4), will Gobeil 
et al.'s description of the pathways for con- 
taminant lead and other pollutants flowing 
into and around the Arctic Ocean also ap- 
ply in the future? To answer this question, 
we must examine the nature and variability 
of the atmospheric circulation and sea-ice 
drift patterns in this region during the past 
50 years or more. 

The North Atlantic Oscillation (NAO) 
is perhaps the best known mode of atmo- 
spheric variability outside the tropics. It 
consists of a north-south fluctuation of air 
mass over the North Atlantic sector whose 
time evolution is characterized by the NAO 
index (5), that is, the standardized winter 
sea level pressure difference between the 
Azores High and the Icelandic Low. When 
the NAO is in a positive mode (index pos- 
itive, NAO+), a deepened Icelandic Low " 
causes strong westerlies over the east- 
ern North Atlantic, strong southerly 
winds over the Norwegian Sea, and 
strong northerly winds over the 
Labrador Sea. In the negative mode 
(NAO-), the Icelandic Low and the 
Azores High tend to be weak and the , 
winds are reduced in the above areas. 

Another wintertime oscillation 
closely associated with the NAO is the 
Arctic Oscillation (AO), which consists of 
fluctuations in air mass between mid- and 
high latitudes all around the Northern 
Hemisphere. The A0 index (2) is highly 
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correlated with the NAO index. Because 
the largest north-south air mass exchanges 
associated with the A 0  occur over the 
North Atlantic sector, the NAO is regarded 
(6) as the regional representative of the AO. 

On decadal and longer time scales, the 
NAO and A0 indices over the past 50 years 
closely resemble a third index: the vorticity 
index (7) (see the first figure). This index 
characterizes the wind patterns over the 
central Arctic. When the vorticity index is 
positive (corresponding to AO+ and 
NAO+), there is a weak Arctic High and 
the associated winds tend to produce anti- 
clockwise ice drift motion in the eastern 

The t w o  paths fo r  the Transpolar D r i f t  
Stream. Clockwise (blue curve) and anticlock- 
wise (red curve) paths are associated with 
negative and positive phases, respectively, of 
the vorticity index (first figure). 
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their analyses, an interesting 
story emerges. The sediment cores were 
collected in 1994. The top 10 cm was ana- 
lyzed for contaminant lead and its isotopic 
composition. If we allow for lead transit 
times of several years and residence times 
in the upper ocean of up to 5 years (1) and 
if we assume that most of the contaminant 
lead was released from its sources after 
World War 11, then the oceanlice circula- 
tion patterns inferred by Gobeil et al. ap- 
ply to an -30-year period from the 1950s 
to the 1980s. 

Remarkably, the vorticity index was 
mainly negative during this 30-year period 
(see the first figure). As explained above, 
this means that the Transpolar Drift 
Stream flowed straight across the Eurasian 
Basin toward Fram Strait (blue curve in 
the second figure). Any contaminant lead 
originating in the Laptev Sea would thus 
be deposited mainly in the Eurasian 
Basin, as shown in figure 3 of Gobeil et 

A al. (I). This could be one reason why, 
as proposed by Gobeil et a/., the 
Eurasian Basin is decoupled from the \ Canadian Basin, which shows little 
contaminant lead. 

-. Since the early 1980s, the NAO -d and A0 have been mainly in a song- 
ly positive mode (lo), as was the vor- 
ticity index (see the first figure; the 

drop in 1996 was short lived, and in the 
late 1990s, all three indices were again 

strongly positive). This atmospheric state 
implies that during the past 15 years or so, 
the Transpolar Drift Stream has curved to- 
ward the Beaufort Sea before exiting the 
Arctic (see the second figure). Conse- 
quently, contaminant lead and other pollu- 
tants that would emanate from Russia and 
enter the Laptev Sea would be transported 
into the Canadian Basin and Beaufort Sea. 
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The Canadian and Eurasian basins would 
be "coupled." 

Furthermore, under the current atmo- 
spheric state, there are strong southerly 
winds over the Norwegian Sea, and hence 
the wind-driven inflow of warm Atlantic 
water into the Arctic is relatively strong, 
penetrating far into the central Arctic 
Basin (11). Any pollutants entering the 
ocean from Western Europe could thus 
penetrate far into the Arctic and might 
even reach the Canadian Basin. In con- 
trast, during the 1950s to 1980s, when the 
three indices were mainly negative, the At- 
lantic inflow would not have penetrated 
very far into the Arctic Basin. 

A useful perspective on the past history 
of the Transpolar Drift Stream has been pro- 
vided by an analysis of Canadian Arctic 
Archipelago driftwood records for the past 
8500 years (12), which showed that century- 

P E R S P E C T I V E S :  B I O C H E M I S T R Y  

to millennial-scale changes in the Drift 
Stream must have occurred. A sea-ice 
model study (13) indicated that these 
changes are due to long-term changes in 
the phase of the NAO (and AO). In the 
model, the Drift Stream was relatively 
straight when the NAO was in a negative 
mode (similar to the blue curve in the sec- 
ond figure), whereas it followed a cyclonic 
path curved toward the Beaufort Sea when 
the NAO was positive. 

It is clear that in response to atmo- 
spheric circulation fluctuations, the Arctic 
Ocean current and sea-ice drift patterns 
vary on a wide range of time scales. Gob- 
eil et al. ( I )  were fortunate in analyzing 
sediments that accumulated over a period 
of several decades when the high-latitude 
atmospheric circulation was mainly in one 
(negative) state. It would be exciting to 
collect further sediment samples and redo 

TRP Ion Channels- 
TWO Proteins in One 

I rw in  B. Levitan and Susan M. Cibulsky 

their analyses some years after the atmo- 
spheric circulation has remained in the oth- 
er (positive) mode to determine whether 
different flow pathways prevail. 
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domain at the end of the predicted mem- 
brane-spanning portion of the protein, and 
their gating is not well understood. 

Reports by three separate groups (1-3) 

describe (also called and characterization aLTRPc7 the cloning ChaK or TRP-PLK), of 
new member of the long TRP channel family 
that exhibits both ion channel and protein ki-
nase activities. LTRPC7 is expressed widely 
in mouse tissues (I) and is crucial for cell 
survival (2). When LTRPC7 is expressed in 

cultured cells, single-chan- 
I

t is no longer a rarity to come across a 
protein that performs more than one ac- 
tivity, but membrane ion channels do not 

seem to feature among these multifunctional 
proteins. However, a cluster of recent papers 
(1-5) reveal that two members of the long 
TRP (transient receptor potential) cation 
channel family-LTRPC7 and LTRPC2- 
are not only ion channels but also have enzy- 
matic activity. LTRPC7 is both an ion chan- 
nel and a protein kinase, and its kinase activ- 
ity may influence its channel properties. 
Similarly, L W C 2 ,  an ion channel activated 
by ADP ribose (ADPR), has ADPR py- 
rophosphatase activity (4, 5). These inhigu- 
ingfinding-asurprisetomanyionchan-
nel biologists-have important implications -
for the regulation of cell membrane ex- 
citability and for many other cellular pro- 
cesses in which ion channels participate. 

Ion channels are a specialized class of 
membrane proteins that form hydrophilic 
pores through which ions move down their 
electrochemical gradients. The current car- 
ried by ions flowing through these membrane 
channels is responsible for such fundamental 
cellular phenomena as the resting membrane 
potential in all cells, the generation of action 
potentials in neurons, and neurotransmission 
at synapses. Ion fluxes through membrane 
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channels also alter the intracellular concen- 
tration of ions, most notably Ca2+, that in- 
fluence signaling pathways. Channels, how- 
ever, are far more than 
passive pores-they can 
shift rapidly back and 
forth between a noncon- 
ducting (closed) confor- 
mation and a conducting 
(open) conformation, a 
process known as chan- 
nel gating. 

The first member of 
the TRP channel family to 
be identified was a Ca2+- 
permeablechannel re-
sponsible for the depolar- 
i iat ion of ~ r o s o b h i l a  
photoreceptor cells in re- 
sponse to light. This chan- 
nel opens when phospho- 
lipase C activity increas- 
es, which in turn is stimu- 
lated by light-activated 
rhodopsin in the photore- 
ceptor cells. Numerous 
TRP channels are now 
hown, and many of them 
are associated with the 
transmission of sensory 
information (6). Members 
of one subfamily, the long 
TRP channels, have an ex- 
tended carboxyl-terminal 

Channel nel and whole-cell cur- 
rents characteristic of TRP 
channels can be readily 
recorded (1, 2), leaving no 
doubt that LTRPC7 is an 

nchor ion channel. Intriguingly, 
the extended carboxyl-ter- 

an rninal domain of LTRPC7 
contains a region with se- 
quence similarity to cer- 
tain serine-threonine pro- 
tein kinases of the atypical 
a-kinase family. Indeed 

TRP channel this region of LTRPC7 
does have protein kinase 
activity and is capable of 
phosphorylating the chan- 
nel itself as well as at least 
one other substrate ( I ) .  
Another surprise comes 

Ion channel or enzyme? (Top) An from the three-dimension- 
ion channel (blue) may associate al structure of the kinase 
with a protein kinase (red) with the 
help of an intermediary anchoring domain, solved by x-ray 

protein (green). (Middle) ALterna- crystallography (3). The 

tively, an ion channel may physically structure of its catalytic 
interact with a protein kinase direct- core closely resembles that 
ly. (Bottom) Two ion channels, LTR- of more classical protein 
PC7 and LTRPCZ, have been identi- kinases (typified by the 
fied with both channel and enzyme ~AMP-dependent protein 
activities within the same protein. kinase, PKA) even though 
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