
Taken with the gravity data and awesome 
imagery, the Europan ocean hypothesis is 
on solid ground (or beneath solid salt and 
ice). Before the Voyager flybys, theoretical 
evidence suggested that Europa's icy crust 
might be warm and perhaps even melted at 
its base, and those suggestions were made 
even before the discovery of tidal heating 
of Europa (1 0-1 2). This is an amazing con- 
fluence of observations and interpretations 
that rarely happens so neatly in planetary 

mately, we will need to take closeup images 
and other measurements from orbit, land 
on and chemically analyze Europa's sur- 
face, geophysically probe the interior by 
surface instruments, and eventually take a 
dip in the ocean before we can conclude 
with certainty that the ocean exists. But I 
haven't heard any recent bets against the 
ocean. 
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Kinases and Phosphatases- 
A Marriage Is Consummated 

Ernst Hafen 
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the continued presence of the activating 
signal occurs because, shortly after Ca2+- 
calmodulin-dependent kinase IV (CaMKIV) 
activates CREB by phosphorylation, the 
kinase is inactivated by dephosphorylation 
via phosphatase 2A (PPZA) (see the figure, 
left panel). The authors show that CaMKIV 
and the PP2A heterotrimeric holoenzyme 
can be isolated as a stable complex from 

cultured cells and from 
Successful marriages, ac- brain extracts. Forma- 
cording to the age-old wis- tion of this complex can 
dom, often result from the occur without the phos- 
union of opposites. Each phorylation of CaMKIV 
partner counterbalances by its upstream activat- 
the excesses of the other. ing kinase, CaMKK, but 
Within cells, such ex- does require the CaMKIV 
cesses on the part of some kinase domain. PP2A 
signal transduction mol- function is required for 
ecules can have dire conse- the transitory activation 
quences. Runaway activity of CREB in response to 
of protein kinases (en- prolonged high intracel- 
zymes that phosphorylate lular Ca2+ because inhi- 
proteins), for example, can bition of PP2A by SV40 
lead to uncontrolled cell small t antigen results in 
growth and tumorigenesis. the prolonged activa- 
But kinases have prospec- A marriage of opposites. Tight regulation of kinases occurs by physical association with tion a CREB-depen- 
tive parmerethe  wide their respective phosphatases. (Left) Ca2+lcalmodulin-dependent kinase IV is constitutively dent reporter construct 
variety of protein phos- associated with phosphatase 2A (PP2A), resulting in the kinase's rapid inactivation even in in Jurkat T cells. 
phatases that keep the ki- the presence of high intracellular Ca2+ (1). (Right) ERK2 activation triggers synthesis of This permanent asso- 
nases in check by perform- MKP-3. Binding of MKP-3 ERK2 stimulates its catalytic activity and inactivates ERK (2). ciation of a kinase with 
ing the opposite operation, its phosphatase allows 
dephosphorylation of the substrate. As two led to the view that phosphatases may act tight control of the activity of the corre- 
reports published on pages 1258 and 1262 of constitutively by a hit-and-run mechanism, sponding kinase. It also raises a question, 
this issue (1, 2) now demonstrate, kinases with little specificity for distinct kinases. however. How can this kinase ever be acti- 
and phosphatases are indeed joined in a Now, however, the number of molecularly vated sufficiently to increase CREB activity 
physical union. characterized phosphatases is rapidly in- if the phosphatase is always present to undo 

The characterization of oncogenes in ver- creasing. Some are highly specific for their the kinase's work? It is possible that phos- 
tebrates and the systematic genetic analysis substrate, and their transcription is regu- phorylation of CaMKIV by CaMKK tran- 
of signal transduction processes in model lated in a complex way (5). Indeed, the two siently outpaces the inactivation by PPZA. 
systems like yeast, Caenorhabditis ekgans, new studies by the groups of Wadzinski and Alternatively, PP2A activity may be altered 
and Drosophila have identified many more of Arkinstall point to an intricate regulation by posttranslational modification or by the 
positively acting kinases than negatively of kinases and phosphatases. Westphal et al. activation of CaMKIV itself. Posttransla- 
acting phosphatases (3,4).  This finding has ( I  ) examine the mechanism by which per- tional activation of a phosphatase by its own 

sistent, high concentrations of intracellular substrate is described by Camps et al. in the 

The author is in the Zoologisches lnstitut der 
Ca2+ cause only a transient activation of second report (2). 

universitat zurich, cH-8057 Zurich, Switzerland, CREB-dependent transcription. This sud- Mitogen-activated protein (MAP) ki- 
E-mail: hafen@zool.unizh.ch den turning off of the response in spite of nases, also known as extracellular signal- 
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regulated kinases (ERKs), act at the end of a terminal catalytic domain. It appem that '&e d e w t r a t i o n  that 
kinase d e  that is activated in response to the diveigmt -terminal domains of C & f K W ; ~ ~  fomn stamle cant- 

a variety of extradhkr signals via receptor the dual-sp~+&~ty phoqbmes determine pie%& with their come phospbatases 
tyrosine kinases (6) (see the figure, right the phcrsphaw' b m d k  specificity for the suggem~ a tight coupling af acrivatm and 
panel). MEK (MAP or ERK kinase) is a dual- substrate kin-. indeed, PRA $Iso forms stable 
specgcity kinase that phoephorylates ERK The rmportance of the tlght c m d  of coqkxes with ~74236 kinase and p21 acti- 
on a threonine and a tyrosine residue in the ERK activity by associated phosphatass is vating kinase (PAK1) (12). From this work 
catalytic domain. Upon activation, ERK emphasized by genetic studies in Dro- comes an emerging theme m cell signaling:. 

(5). MAP kinase phasphatase-3 ( W - 3 )  
isuniquebecauseitishighly~ficforERK 
and does not inactivate the related stress-acti- 
vated protein kinares (SAF'Ks ore). MKP- 
3 gene expression is i n d d  as an immedi- 
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