
Kravitz and Livingstone had linked to ag- 
gressive behavior in lobsters and crayfish 15 
years ago. 

Emvards's group doesn't know yet whether 
the neuron also triggers a serotonin burst in 
crayfish, but they suspect that it might. If it 
does, then a "feed-forward loop" would oper- 
ate in dominant animals, says Kravitz, in 
which triggering the lateral giant neuron 
would cause a burst of serotonin, which 
would make the neuron even more likely to 
be triggered again, causw more serotonin to 
be r e l e d  All that serotonin would pump 
up the animals' agressive behavior. In con- 
trast, subordinate c r a w  are better served 
by not acting t rumht  and inviting a fight 
they are likely to lose, so it is adaptive for 

Choreagraphing the 
A baaterial celi9s life cycle resembles a care- 
fully choreographed dance, with particular 
movements, such as cell division or the 
development of particular cell structures, 
occurring only after previous steps are com- 
pleted. But while scientists reason that this 
dance must depend on a few master chore- 
ographers-molecules that trigger several 
steps, ensuring that they proceed in proper 
sequence-researchers have been unable to 
find them. Now, howwer, biologists have 
come upon a gene that may cao&te sev- 
eral developmental events with the progress 
of the cell cycle in the aquatic bacterium 
caulobactercrescenftcs. 

In the 12 January issue of Cell, develop- 
mental biologists Lucy Shqim and Kim 
Quon of Stanford University and Gregory 
Marczynski of McGill University describe 
the identification of &A, a gene whcweprod- 
uct regulates not only the fomatiofi of a 
propellerlike flagellum kt several other 
critical events in the chub- life cycle, 
including DNA replication. 

CtrA, the protein encoded by the gene, is 
part of a system of semr enzymes and so- 
died "response regulatorn proteins that are 
thought to respond to external and internal 
events in these cells. "This is the k t  demon- 
stration of a direct role for a response regula- 
tor in global cell cycle events" in any bacte- 
rium, says Shapiro. Reseatchers in molecular 
biologbt Austin Newton's lab at Princeton 
University reported last year that a response 
regulator d l e d  DivK influences a late cell 
division event in the C A W  cell cvcle. 
but Shapiro's group is the first to documint a 
mechmim for how such a protein mlght 
perform its integrative functions. 

other scientists are impressed. "Here the 
protein is being used to drive things the cell 
does all day long," says Richard Losick, a 
developmental biologist at Harvard Univer- 
sity, and it unveils an important part of the 

them to put the brakes on that cycle, which 
is what happens when the burst of serotonin 
caused by the lateral giant's firing 6 the 
neuron less likely to fire again arrd trigger the 
release of more serotonin. 

Despite the appeal of that explanation, 
Kravitz and others point out that the lateral 
giant neuron alone is unlikely to be the full 
explanation for the behavioral changes. 
"You can't say this particular [neuron] . . . is 
causally responsible for any behavioral 
changes," says Brandeis's Marder. "It is prob- 
ably only a piece of the story." 

To fill out the remaining pieces of that 
story, Edwards and others are eager to lam 
what other neurons may be influenced by the 
switch in social status, and whether some of 

those neurons show a change in serotonin 
receptors, or in receptors for other molecules. 
Om target for study is the neurotransmitter 
octopamine, which Kravitz's group has 
shown to have the opposite effect to semto- 
nin, producing submissive rather than ag- 
gressive behavior. 

In addition, the researchers plan to rake a 
closer look at the lateral giant neuron itself, 
focusing on the specific pathways through 
whichsocial position gets translated into cel- 
lular and molecular c h w  in the neuron. 
With all these possibilities for future work, 
says Kravitz, the E d d  group has opened 
"a potentially incredibly exciting area of in- 
vestigation." 

-MarciaBatieag;l 
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Bacterial Cell Cyde level gene might have been SO dffic~lt to 
find because it has some additional essential 

cycle's "underlying pathway." And once function. In that case, mutating the gene 
molecules that activate mA have been iden- might kill off the bacteria. So 2 years ago the 
tified, says Bert Ely, a bacterial geneticist at group began to look for heat-sensitive muta- 
the University of South Carolina, "we can tiom thar might be just slightly perturbed by 
rhen ask how general this mechmbm mechanism. al&temperatures,upsettingtranscription 
Does it work for other kinds of bacteria? Does of genes d a t i n g  flagellar assembly without 
it apply in eukayotic cells [those with dis- killing the cell. 
tinct nuclei] as well?" Thestrategy SUM. The group found 

Shapio's group found ctrA while studying one mutation, in inA, that not only caused 
(hd&atds flagellum, which forms at a cru- ove~praduction of FliQ-a protein required 
cial point in the bacterium's life cycle. Only for the initial steps of&gellar synthesisdut 
after its assembly at one pole of a cell does the also prevented cell division. And CtrA, the 
cell divide in two. The propeller-driven protein product of n o d  mA, binds to a 
progeny cell then swims off in search of a new specific DNA sequence in one of the regions 
home in which to settle h a n d  reproduce, that control fliR gene transcription. That 
while the other progeny cell stays in place same sequence is present in regulatory re- 
and produces more swarmer cells. Although gions for other genes, including one that 
Shapirois group has gpent years studying contributes to the e ~ 1 t ~ o l  ofthe initiation of 
mutations affecting flagellar assembly in DNA replition af &%rent times in both 
Caulobacter, "we could never M the top of new progeny cells. 
the hierarchy, the gene that tums the thing The d then f a d  that &A's 
on," she says. Quon reasoned that this top- amino acid sqwme d l e s  that of re- 

spmse regulator proteins found in 
other bacteria, including - 0  
m t i , a n d t h a t i t i s d e d f o r ~ $  

SYBIIII(Y the same way as these other regula- :! 
cer tom &mu& the addition of a phos- 

phate group by d e d  "sawor ki- 
staked ~ " T h e d h e S g s c a n f i r m t h a t  

"k-t*sysremsare 
eontrolling ewmtial cellcycle md 

1 .o 
- d e w l o p m e n d e ~  in response to 
$0.8 i n d  area," says Newton. 

Some big unknowm remain, such as the 
f 0.6 identities of the enzymes that phosphorylate 
c Cttk, and the exact mnne of the celluhr 

0.4 
.- ~Phateendthese~es in toacr ion .  But 
0 
bp 0.2 

Shaph isn't & u n d  by these chauenges. 
*Myp'ediction is tlw m are going tobe able 

0.0 to d k t  the ampkae eontrol ol the cell 
o 0.5 1.0 c y c l e i n ~ , d t h a t i V s g w ~ t o u s e  

CelldWsionuntes a series of these response regu~ators. It's a 
Cootdhrating rda Transcription of the ctr~ Wemerging field." 
gene peaks during dl division. -wade R d  
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