
d e n t ' s  review is ats0 evident. For exism&, 
an entire chapter if devoted to papdamn 
cagee~~Pe;mapsFhifsshdtaMEsein- 
cluded fa wraphes, but many canteta- 
p o r a r ~ D F o J * ~ t i o n ~ i c i s t $ ~  
tian w w e r  &m stidia tell us much 
about sektion in m d  populs-, There 
are occasional interpretations md ~ o l z s  

tlpt w d d ,  not unexpectedly, be debatable 
among calleagues, but fol tho. most part 
P o d 1  resists presenting dogma or sa~-sem- 
ing paradigm. This is not a c o n m d  
work, nor was it m e w  m be. 

Powell states &at his &as ate directed 
toward first-year graduate students seeking a 
research prublem; toward Drossphila workers 
who are- nst e w d a i q  b6k&sts, 'but 
who an evduo- b e t i v e ;  and 
t o 4  B-idogii who $0 not 
S&Y fk?m bat 'OYhO & €0 f%mi&I&E! 
&emgeZves midi h e  many ~oatrihtions of 
Dw@&E~Ezxw&. His Wsbgcdd be suc- 
~ ~ 0 n & & ~ c 0 u n t s . ~ 6 b k i s r t  
most d l  1.esoutee, and I e w t  our lab 
copy to b e c ~ ~ n e  well worn by grabate stu- 
dents and ealleagues. 
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and Ptvcriution, and math-.-* required to merge Internet and mobile cam- - . c  
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Fkounted k e  ird the saga of &-&i- P@W* m. ism ~38856~-08-9. 
&om to h&l& Bad then b d a n  a $?i,5UF . T ' h  am&& $ i  how and why the 
lion power plant> d dw break- d zemums d e e W  (citing persistent reemit- 
gove~nmat poky-* and pubk tmt~ mm overftshing a the major and 
Arm q b m  the impiiati~ns for futtse va&w management considera&m that 
decisions h i  tec:hnologB &at ptesetit might Id to &&recovery. 

Ichirt, Kanmb wi& atamspheric xenon (3,4). On the ba- 
sis of such O-~W, rhe past occur- 
rex~,of 12YrI in W s  inserior has heen 
wid& awepced, ESowm&, the txmmence 
of z*IPu is amtrowed kaase: fisim- 
pradueed w-ts fcMn mff can aka 
give excesses in 13k-13gXe h t b f ) ~ ~  arYd the 
patterns offissiogenic xenan MPu 

, and U8U are rather s i d m  with m& dif- , 
' ~ ~ i H Z X e ,  d $0 rn &ect 
the evolutimarqr &my of t Ao:ALwmt componem% 
m W  &at mafm Xe, giv- A:PtesBnt& . 

mosphere are Merent ing ~~~~ , early 2% Qu: q *~~ C- Earth's i- 
from extraterrestrial h*oly of Farrh (2). k hag ;u: ~ ' % " " u ~ ( p l ~ E a r # ' s i n t e r i o r ~  '- IE wbllM1890urc(l 

been revealed rhat some tet- 

have be& formed by 
interior. b, i ts  

a number of questions b t  she xamn M- 
getdEaFEh. 
This budget is complex. The decay 
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ferences. It has been reported that an In- 
dian Ocean gas-rich MORB glass shows xe- - - 
non that is consistent with the 238U fission 
spectrum (5). O n  the other hand, excess 
129Xe is commonly correlated with excess 
131-136Xe. It has been argued that the cor- 
relation between excess 129Xe and excess 
131-13'jXe should be established by compo- 
nents that have similar time dependence, 
such as 1291 and 2 4 4 P ~ ,  because diamonds 
also show such correlation (4). Because the 
amount of each excess xenon isotope in ter- 
restrial materials is auite small. however. it is 
a hard task to separate each component, and 
analvtical uncertainties in those sam~les 
were too large to distinguish each possibility. 

In addition, on the basis of helium and 
neon isotope analogies, the occurrence of 
solar noble gases in Earth's interior is often 
inferred even for xenon isotopes. Because 
atmospheric xenon isotopes are definitely 
different from solar compositions, if solar Xe 
isotopes do occur in Earth's interior, a 
change in the hypothesis for the origin of 
the atmosphere and the evolutionary his- 
tow of Earth would be reauired. 

Kunz et al. ( 1 ) have succeeded in con- 
firming the occurrence of fission-~roduced - 
xenon components from 244Pu in Earth's 
interior by using a special MORB sample, 
together with the information that the xe- 
non in Earth's interior is of atmospheric 
composition, except for the occurrence of 
fission-produced Xe and 129Xe created by 
radioactive decay. They have concluded 
that among the fission product compo- 
nents of Xe observed, about 30% is attrib- 
uted to the component from 244Pu and the 
remnant to 238U (see figure). This is the 
first experimental evidenie that the Xe de- 
rived from fission of 244Pu surelv exists in 
Earth's interior. Their analytical success 
depends on two main factors: technical im- 
provements including the application of a 
counting system to measure quite small 
amounts of gases and the special properties 
of the sample used for analyses. The sample 
is called popping rock and has been known 
to contain anomalously large amounts of 
magmatic noble gases (6). 

The results of Kunz et al. have provided 
a solution to the controversies over the oc- 
currence of 244Pu in Earth's interior and 
solved the paradox that only the signature 
of short-lived 1291 remains with no definite 
evidence for the occurrence of 244Pu with a 
longer half-life in Earth's interior. Thus, 
the early rapid degassing model from at 
least the depleted mantle of Earth's interior 
is strengthened. Furthermore, the occur- 
rence of atmospheric xenon apart from the 
addition of nucleogenic 129Xe and fis- 
siogenic 131-136Xe implies the common ori- 
gin of the terrestrial xenon for both the at- 
mosphere and Earth's interior. This is an 

important constraint on the evolution of 
Earth, and some special process is required 
to produce terrestrial xenon compositions 
that are definitely different from those of 
extraterrestrial materials. This seems to fa- 
vor the model of secondary degassing for 
the occurrence of the atmosphere, at least 
for the major part of xenon isotopes. O n  
the other hand, relative excess xenon con- 
tributions from 1291 and 2 4 4 P ~  estimated 
from the atmosphere and the MORB 
sample are different. Excess 129Xe(1291)/ 
136Xe(244Pu) = 4.3 for the atmosphere has 
been suggested (7), whereas that estimated 
from the MORB (1 ) is about 9.8. After the 

pected from a simple degassing model of the 
atmosphere from Earth's interior. This may 
require some modification in both the degas- 
sing model for the evolution of the atmo- 
sphere and the evolution model of Earth. Be- 
cause we have not yet established the heavy 
noble gas compositions (argon, krypton, and 
xenon) for the ocean island basalt source, the 
problem may also be related to their identifi- 
cations. This knowledge about xenon in 
Earth's interior surely helps to clarify the 
model of Earth's formation and demonstrates 
the need for further information. 
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The Era of Pathway Quantification 
Daniel E. Koshland Jr. 

O n  page 895 of this issue, Ferrell and 
Machleder ( I )  highlight a new era in our 
understanding of cellular metabolism. 
Knowledge of metabolic processes in cells 
can be roughly divided into three eras: the 
Era of Pathway Identification (1890- 
1950), the Era of Pathway Regulation 
(1950-1980), and the Era of Pathway 
Quantification (1980-?). In the first era, 
the individual stem in the biochemical 
pathways were identified. In now classical 
studies, the substrates, products, and en- 
zymes of pathways such as glycolysis, fatty 
acid metabolism, and nucleic acid metabo- 
lism were identified by Emden, Meyerhoff, 
Warburg, Kornberg, Cori, Brown, Goldstein, 
and many others (2). In the second era, the 
control of pathways through feedback, feed- 
forward, cooperativity, allostery, phosphoryl- 
ation, and covalent modification was delin- 
eated by Pardee, Krebs, Fischer, Stadtman, 
Jacob, Monod, this author, and many others 
(3). In the third era, now in its childhood, 
the quantification of pathways is being ex- 

amined to calculate the rates at which me- 
tabolites and substrates are produced and 
degraded in cells and in organs. 

Ferrell and Machleder (1) examine the 
turning on and off of the cell cycle in oo- 
cytes, showing that this control process is 
quantitatively "ultrasensitive" (4) and that 
the enzymes responsible are the mitogen- 
activated protein kinase (MAP kinase) 
cascade. In their reDort, thev examine this 

An enhanced version of this commen- 
tary with links to additional resources is 
available for Science Online subscribers 
at www.sciencemag.org 

process in intact oocytes (1 ); in a previous 
paper, Huang and Ferrell analyzed a cell- 
free system of the same MAP kinase cas- 
cade (5). Because individual enzymes of 
the cascade do not show cooperativity, it 
seems clear that some form of zero-order 
ultrasensitivity or multistep ultrasensitivity 
(4) is at work in this ~athwav, likelv involv- . . 
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