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Miller, Tennvson. and Sutcliffe and manv oth- 
ers h i  played a &at role in understandiig the 
~ 3 '  spectrum in the laboratory and in space 
(1 0). Polyansky et al. (3) have demonstrated 
the power of this new method in approximately 
doubling the energy range for which assign- 
ments of the quantum states of H 2 0  have been 
made. This has led to an understandine of the u 

spectral lines in the figure and a great many 
more in other frequency regions. It also re- 
vealed new spectroscopic features of hot wa- 
ter, such as strong rotational difference transi- 

tions induced by Fermi resonance and large 
splitting5 of normally nearly degenerate levels. 

Over a longer term, the following two 
points come to mind. (i) The discovery of wa- 
ter on the sun, together with the recent obser- 
vation of H 2 0  on many objects based on data 
from the Infrared Space Observatory satellite 
(1 1 ), is a part of the ongoing development of 
molecular astrophysics. Molecules are found 
evervwhere. and it is now acce~ted that half of 
visible interstellar matter in this galaxy is in the 
form of molecules (1 2). This interplay of as- 
tronomy and chemistry will no doubt increase. 
(ii) The major remaining approximation in 
calculations of the sort that Polyansky et al. 
have done is the BomTOppenheimer separa- 
tion of electronic and nuclear motion. We can 
hope that full quantum mechanical treatment 
of the whole system without this approxima- 

tion may now be possible, at least for simple 
molecules like H ~ + ,  with development of even 
more powerful computers. 
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GAP into the Breach 
Stephen R. Sprang 

nearly 100-fold (6). RGS proteins and Ras- 
GAPS are completely unrelated (though 
both are a-helical  rotei ins) and do not act 
on each other's substrates: The degree of 
stimulation afforded bv RGS4 is at least 
three orders of magnitude less than that 
effected by GAP. O n  the other hand, the 
intrinsic rate of GTP hydrolysis catalyzed 

Regulatory pathways inside cells often the active, 334-residue fragment of p120GAP, by G a  subunits (about 3 min-') is corre- 
make use of guanosine triphosphatases reported on page 333 of this issue by spondingly higher than that of Ras. When 
(GTPases) to turn cellular functions on and Scheffzek, Wittinghofer, and their col- stimulated by GAP and RGS4, respec- 
off. The signals transduced by GTPases leagues (4). In this complex, guanosine tively, the catalytic rates of Ras and Ga i l  
such as Ras and heterotrimeric GTP-bind- diphosphate (GDP), aluminum trifluoride, are within an order of magnitude of each 
inr! protein a subunits other. As had been sus- 
( ~ a j  (1 ) are transient. pected (7, 8), and the 
In the guanosine tri- RAS GDP • AIF~ structures now demon- 
phosphate (GTP)-bound strate, GAP provides a 
state, these enzymes in- catalytic residue, Arg789, 
teract with downstream that is lacking in Ras but is 
effectors but dissociate intrinsic to Ga .  This could 
upon GTP hydrolysis. If account for at least two or- 
Ras and G a  were effi- ders of magnitude of the 
cient enzymes, the sig- total rate acceleration. 
nals would be too short- However, the source of the 
lived to be effective; -+ remaining stimulatory pow- 
consequently they have x, er of GAP, and all of the 
evolved low catalytic GAP-334 acceleration provided by 
rates. Ras, for example, RGS proteins, is less easily 
hydrolyzes GTP with a The structures of  Ras-GAP and Gcr,,-RGS. (Left) The complex between GAP-334 understood. 
rate constant of only (red and green) bound to Ras-GDP.Mg2+.AIF, (mustard yellow), with switch I and II T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ G A P  
0.02 These sig- segments in cyan. (Right) Shown in a similar orientation is the complex between (Or RGS4) causes rate ac- 

RGS4 (red) and Gcri,.GDP.Mg2+.AIF,- (15) (yellow, helical domain in charcoal), with 
nals are switched switch I and 11 in cyan. celeration, consider the 
GTPase-activating pro- conserved features in the 
teins (GAPS), which accelerate the rate of and MgZ+ are bound to Ras and mimic the active sites of Ras and G a  (9). In Ras, GTP 
Ras-catalyzed GTP hydrolysis by a factor of transition state for GTP hydrolysis. is held between two flexible segments of 
lo5 (2, 3). Efforts to understand how GAPS GAPS are not unique to the Ras family. chain, known as switch I and switch 11. 
function have now culminated in the crystal In light of recent biochemical data, ge- There are also inflexible elements that rec- 
structure of the complex between Ras and netic studies of yeast mating pheromone ognize the purine ring and the a and p phos- 

regulation can be seen to have long phate groups, so there is no danger of nucle- 
pointed to the existence of GAPS for otide escaping from the active site. How- 

The is in the Department Of and heterotrimeric G proteins (5). These regu- ever, it is the switch regions that provide 
Howard Hughes Medical Institute, The University of 
TexasSouthwesternMedical school, Dallas,~~75235, lators of G protein signaling, or RGS, ac- the essential catalytic residues. In G a  sub- 
USA. E-mail: sprang@howie.swmed.edu celerate Ga-catalyzed GTP hydrolysis units, switch I is preceded by an a-helical 
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donialn tliat is not  present in Ras family 
proteins. T h e  tlvo slvitch regions are so called 
because they change drainatlcally in confor- 
mation upon hydrolysis of G T P  (1 C). Tlils 
conformational change reduces the  afflnlty 
of Ras slid Gu for tlielr effectors. 

G T P  1s 1iydroly:ed by ~n- l ine  attack of its 
phosphate by a nucleopliilic water mol- 

ecule. There  appears to  be n o  enzymic base 
to  abstract a proton from this attacking wa- 
ter molecule, but a glutamine residue (Gln6'  
in Ras and Gln2'- in G c L , ~ )  perched a t  the  
ammo-terminus of switcli I1 is essential for 
catalysis in both  GO. and Ras. hlutatlons of 
this residue promote a constitutively active, 
GTP-bound state and are therefore trans- 
forming. Three-dimensional structures of 
Ras bound to a nonlivdrolvzable G T P  ana- 

and RGS4 stab~lize confor~nations of Gw,,l 
and Ras that are most complelnentary to the 
transition state. Both Ras and GcL,, bind to 
thelr stllnulatory factors more tightly in the 
transitloll state than in the ground state (6 .  
14).  A larger view of catalysis (1 6 )  miglit sug- 
gest that GAPS and R G S  couple the  energy of 
substrate blnding to transitlon state stabillza- 
tion. How such coupling is achleved miglit be 
revealed in future structures of the  ground 
state RaseGAP complex. In the meantime, 
the structure a t  hand unites Ras and its elusive 
partner, arrested a t  the moment of catalysis. 
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log show tliat tlie slviich 11 helix is tlexible NEUROSC~ENCE 1 
and G l n "  poorly ordered (1 1 ). I n  G a ,  but 
not  in  Ras, mutation of a conserved argi- 
nine residue in switch I (ArglYVin G a , , )  also 
impairs G T P  hydrolysis. In  the  transition 
state for G T P  hydrolysis, t he  1, phosphate is 
pentacoordinate. T h e  attacking water (or 
liydroxyl group) and a n  oxygen a tom of the  
p phosphate leavlng group are transaxla1 
ligands. T h e  crystal structures of G c L , ~  and 
Gu, contailling G D P  and the  square planar 
AlF,- that  mimics the  trigonal yphosphate,  
demonstrate that  G ~ L I " ~  and Arg"' have 
distinct roles in  stabilizing the  transition 
state for G T P  hydrolysis (1 2 ;  13).  However, 
both  resldues must be reoriented 11-1 order to 
stab1li:e tlie transition state. Tlils barrier, 
together wit11 the  absence of a n  enzymlc 
base, may explain the  weak catalytic prop- 
erties of Gu. Ras suffers further in  that it 
lacks a catalytic arglnlne and cannot  Itself 
bind to  A l F ,  (14) .  

W h e n  G A P  binds to Ras (4 ) ,  it lands o n  
the  switches (see the  left panel of the  figure) 
and measurably reduces their flexibility. Pre- 
cisely the  same is true of the  RGS4.Ga,:  
interaction (rlght panel) (15) .  RGS4 offers 
a n  asparagine residue (Asn".') to stabilize the  
conforniation of Gin"-. Likewise, G A P  uses 
a main-chain carbonyl group to  orient the 
corresponding Gln'l. Yet G A P  goes a step 
further by inserting Arg"' into the  active site 
of Ras, thereby mimicking, almost   den ti- 
cally, the positlon and f~lnct ion of Arg"' in 
GcL,: [see figure 5C of (4)]. Because this resi- 
due is poised to stabilize developing charge 
o n  the  i/ phosphate rather than tlie leaving 
group, RaseGAP most likely stabilizes a n  as- 
sociative transition state. 

Nevertheless, it is unlikely that the  con- 
tributlon ofArg7" accounts for all of the  rate 
acceleration provided by G A P .  RGS4 stimu- 
lates GO. even though it appears to provide 
n o  catalytic residues in the  transition state 
complex (altliougli Asn-" may assist cataly- 
sis in the  g r o ~ ~ n d  state).  Loss of flexibility in 
the  Ras and Gu s\\-ltclies suggests that G A P  

How Does the Brain 
Organize Memories? 

Howard Eichenbaum 

Cogni t ive  neuroscientists agree that there 
are multiple forms ofmemory, each rnedlated 
by distlnct brain pathways (1 ,  2 ) .  There is 
not  such ready agreement, liowever, as to  the  
critical distinctions among types of memory 
and the  contributions of specific anatomical 
structures to each. On page 377 of this issue, 
Yargha-Khadem e t  al. (3) address both of 
these issues by analyzing the  memory deficits 
in three inLlividuals wlio had sustained brain 
lesions very early In life. Tlieir results show 
that the  h ippocamp~~s ,  a structure located 
wlthin the  medial temporal lobe of the  brain 
and long associated with memory function 
(4 ) ,  LS critlcal for everyday eplsodic memory 
(our record of personal events), but is not 
necessary for semantic memory (our lifetime 
accum~~la t ion  of universal factual knowl- 
edge). Although the  hlppocampus has been 
argued to  function in episodic memory be- 
fore (5 ) ,  these new case studies offer a par- 
ticularly impressive example that can be at- 
tributed to selective focal hippocampal dam- 
age early in life. 

Striking as the  findings are, they are also 
consistent with the  possibility that both 
types of leamlng are l~npaired in these cases. 
Dlrectly comparing new eplsodic and seman- 
tic learning in the  laboratory turns out to be 
quite difficult, because normal subjects can 
take advantage of their episodic memory to 
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recall new semantic material. This problem 
in separating performance of tlie two types of 
memory has led some to  escliew the episodic- 
semantic dlstinctlon, focusing instead o n  
amnesics' characteristic failure In conscious 
recollection of both events and facts. Such a 
deficlt in so-called declarative memorv is 
contrasted with fully spared acquisitior; of 
biases, skills, and hablts expressed LIIICOII- 

sc~ously through changes in performance 
speed or choice (6 ) .  Using this account, the  
seemingly selective deficit in these amnesics' 
menlory for unlque episodes, as well as their 
forgetting of a story or drawing, can be attrib- 
uted to a partially compromised declarative 
capacity doing especially poorly o n  any type 
of complex material experienced only once. 

Recognizing thls interpretive stand-off, 
Yareha-Khadem et al. turned to noncon- 
ventional tests lnodeled after measures that 
in anllnals dlstineuish the  memon. f~lnctlons 
of the  hippocamn~us itself from ;hat of the  
immediately surrounding parahippocampal 
cortical region (see the figure). hlonkeys and 
rats wit11 selective hippocampal damage do 
surprisingly well a t  stlrnulus recognition and 
stimulus association learning, but have se- 
vere deficlts after parahlppocampal damage 
(7). Likewise, the  individuals with hippo- 
campal leslons showed intact recognition 
lnernory in  similar tests lvitli nrords and  
faces, and even normal learnino of verbal - 
or face associations, as contrasted with the  
reports of more extensive impairment in 
these measures in  a patient wi th  identified 
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