
?ESEARCH: BOTANY the lack of in vim synthesis of cellulose by 
the synthase has made direct pmf of the 
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CeMaw is the world's most abundant bio- 
polymet. k These pamwmlk parwxystallinecables, 
d containing wveral d m  glucose poly- 
mers, are spooled several eimw around plant 
cells to form the strucctu-al ~ e w o r k  of 
the primary cell wall. Despite the effm of 
many researchers since the &1%, pro- 
longed synthesis of c e l h k  has never Xlevxl 
achieved in the test tube became the cellu- 
lose s y n h  machinery fwm &wering 
plants is so %lee The -p~kypeptide, 
too, has been elusive, wet.1 arfrh use of a@n- 

w h m  tens of thousands 
c h a r a c e ,  until very 

which a g e a e . b  the p h t  
shown ddhitivtty to be responsible for cellu- 
lose m h h  (1 ). 

&y pr& h the iddntification of m- 

faur sequences of high similarity. Zn the aec- 
ond study, Pear et d. (4) found two plant 
hamologs containing all four of dre W- 
Glc-b'mding sequences of the Ace- 
~&11ulos0 qnthase gene by a s w h  of se- 
quences in a cDNA library maile from atn- 
scripts of cotton fibers taken at &e o w t  d 
semdarg wall cellulose fonnatim. The 
p l a n r C e L 4 g ~ a r e I u g M y ~ d i n f E -  
bers at the h e  of active seconh wall cei- 
IulOSe symhsis, encode polygpptrdes of 
about 110 kD, are predicted to him eight 
ttat$imembrane domaim, b i d  tlpe substrate 
UDPCjk; and contain mti large domains 
unique ta plants. After three decades, a 
prime mndihte for a ceildcse syndwe 
geae had W y  been identified. 

Althou#~ tfre wtpn CelA gene is a likely 
t2mdhhe for thecatalytic c e n b  

. -  - 
thase genes came from studies in bacteha 
A & m q h a n d ~ m a c m e -  
faciens make c d h  that they ex& ex- 
tracellularly and, unlike higher plant ceUu- 
l o s e s y n k ,  thelxm2ridsyn~remain 
active when isolated, As a result., genes en- 
d~ p ~ w a e ~  sf fhe A- 
qlintgn cellulose s+ w e  identified 
within an operom cm&nbg bur genes (see 
figure) (2). Elation at & h d i q  gave way rry 

to d i e i n t m e n t  as .the k t e t i d  cellulose 
synthase clones, when 4 re pmh plant 
libraries, failed to idea@ p h t  cellulose 
synthase homologs. 

The next breakthmd egme as a result 
of two stllbies. First, when &e M u d  

function of the gene product d i i l t .  In this 
issue, Arioli and his colleagues provide 
proof of function for a related homoloe: fnrm 
Addopas by compl~ ta t iOn  of a tem- 
perature-sensitive mutant. Several years ago, 
R. 'Will- and his colleames selected 
several ~rcddopsu mutants in A& the root 
rips swell at ekvatd temperatures. A c d y ~  
Will-was using this strategyto iden* 
miaot&& mutants that had lost rhe abilitv 
to k t  & orimmtion of ceuulose mi- 
adhds. These kirads of cymkeletal mu- 
mnts ate pnrdiaed to result in isodmetric 

.af rhe zcm cells insread of elotl- 
@on. Not d l  Bf the swelhg mutants 
turhRd ola: to be cyrmlutlewl rnU.ranMV- 
era1 of them: were die to make cellulose 
microfibail. A Iang e walk to 
the defective eene of m e  such mrrtant re- 
vealed that it "was ifideed a homabDg & the 
cotton and other m t e d  CelA peras. 

Curiwsly, the &ve celSulOSe symhm 
wms to be able to make the individual $-D- 
(14)-ghrcan chains but is unable to orga- 
nize them into a paracrystalline array. Arioli 
and his wlleaguw correlate this defst with 
a disorganization of dre "particle rosettes," 
the plasma membtane complexes long sus- 
pected to be wmponents of the ceildme 
bbynthetic mad&q. The &&rive @aLQ 

@W CelA gem fun- in the +rim 
&&I- microft- 

amino a d  seqwwes~of s w p x d  be& 
syntham were subjected to hydmphabic r 
cluster anal*, sax- an$ ao11gagues (3) 
dimwered that the synthme gems ad 
thaw of ather nucle---reqdring 
enzymes conoin short setpenes of excep- 
tionally high co~se-on, which are 
thought to be critical tbr &e 5' -d iph  

and fatalpis (see figwe). Ebdwr, qmham 
able to make $-~(14&#ycmyl lidages t 
contain an additional dosnain a d  a total of . *. 
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av&&leforw-&ber, end kept the growing end of the chain acti- vides a molecular means to identify a ligand. 
at www.scie~~:emag.org I vated. A similar two-site model was pro- Although there is much yet to be learned 

...-..,c... - - posed by Carpita et al. (7), but in this model about polysaccharide synthesis in plants, the 
the two glucosyl units are simultaneously long decades of disappointment are over, 

mologs of cotton CelA, and that a number of polymerized at the nonreducing end. An- and the discovery of the first synthase genes 
other sequences, while not completely re- other version of this model of cellulose syn- marks a new age of progress in learning how 
lated to CelA, share significant identity to thesis at the nonreducing end was presented plants make their cell walls. 
one or more of the suspected UDP-Glc-bind- recently, with the additional proposal that 
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result of defective cell-specific cellulose depo- 
sition. In addition, some of the related genes 
may well encode other glycosylderases, 
such as those that synth&k $-xylans, man- 
nans, the backbone of xyloglucan, mixed-lmk- 
age $-glucans, or callose. 

Lipid-Regulated Kinases: 
AS the ceh genes were sequenced and SO m e C0 m m 0 n Themes at Last 

the multiple binding sites for the substrate 
UDP-Glc were deduced. researchers beean 
to rethink the biochemical mechanisi of 
cellulose synthesis. The catalysis of this po- 
lymerization must overcome a steric prob- 
lem because the $(1+4) linkage requires 
each glucose unit to be flipped nearly 180' 
with respect to its neighbors (see figure). To 
make such a linkage by addition of one sugar 
unit at a time, either the synthase or the 
growing chain must rotate 180°, or the sugar 
must be added in a constrained position and 
flip or flop alternately into the proper orien- 
tation by some other factor associated with 
the svnthase. Because a cellulose microfibril 
is composed of several dozen chains, each 
arising from a synthase, such a drastic reori- 
entation of enzyme or substrate would be 
unlikely. Saxena et al. (3) revived an old 
idea that the unit of addition is cellobiose, 
but with a new twist. With multiple UDP- 
Glc binding sites, Saxena and colleagues 
reasoned that two UDP-Glc-binding do- 
mains ~ositioned 180' from each other 
make two simultaneous glycosyl transfers 
that add cellobiose units to the growing 
chain, circumventing the need for reorien- 
tation of svnthase or chain. As it had not 
been established whether the glucosyl units 
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Klnases are enzymes that add phosphates to 
small molecules or other enzymes, creating 
active signaling molecules or turning en- 
zymes on or off. Cells use this device over 
and over again to change their internal 
biochemistry in response to signals from the 
outside. One class of these kinases [phos- 
phoinositide 3-kinases (PI 3-kinases)] phos- 
~horvlate l i~ids to form the second messen- 
ier ~hosph~tidyliiositol-3,4,5-trisphosphate 
[PtdIns(3,4,5)P3] in response to a very wide 
range of extracellular stimuli. PtdIns(3,4,5)P3 
acts on ~athwavs that control cell ~rolifera- 
tion, cell survival, and metabolic changes- 
often through two different protein kinases, 
p70 ribosomal protein S6 kinases (p7Pk) and 
protein kiase  B (PKB). Until now the way 
PtdIns(3,4,5)P3 regulates these two kinases 
has appeared to be very different, with each 
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new advance adding to the impression that 
thev had verv little in common. However. 
two reports in this issue of Science on pages 
707 and 710 ( l , 2 )  and two recent reports in 
Cuwent Biology (3,4) add considerably to the 
picture of how these kinases are regulated, 
and in so doing reveal surprising similarities 
in their control mechanisms. The same regu- 
latory themes likely apply to many protein ki- 
nases, significantly simplifying the task of un- 
derstanding their regulation. 

The ability of PKB, also known as Akt, to 
~hos~horvlate its substrates is increased after 
. A ,  

the cell is exposed to growth factors and insu- 
lin, and thii increase occurs via a pathway that 
includes PI 3 - k i e .  In addition to its kiase 
domain, PKB contains an amino-terminal 
pleckstrin homology (PH) domain, to which 
the PtdIns(3,4,5)P3 signaling molecule binds 
(5). In addition, PKB itself is phosphorylated 
when PtdIns(3,4,5)P3 is present by m o  differ- 
ent protein kinases, 3-phosphoinositidede- 
pendent protein kiase 1 (PDKl), which 
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