
A New Role For Gases: 1 inhibiting its synthesis can block nerve 
stimulation. "The evidence," he says, "is 
better than the evidence for the \\ell-estab- 

Neurotransmission lished transmitters acetylcholine and nore- 
pinephrine. But it [nitric oxide] is a bizarre 
~xeilrotra~lsn~itter .)) 

immediatelv Nor does ~t act through a 
c o ~ l \ e ~ ~ t i o l ~ a l  membrane receDtor the \\a\ 

The remarkable finding that nitric oxide carries nerve im- 
pulses initiates a novel concept o f  neurotransmissi~n 

HVXIAN DIOLOGY IS L)OAIIN.I'I'EI) BY COAI-  

plex molecules such as proteins and llucleic 
acids, and no one \vould have predicted a role 
for something as disarn~ingly simple as nitric 
oxide. So back in the early 1980s when 
pharmacologists first began suggesting that 
nitric oxide, \vhich is a gas, might be an 
important regulator of the body's activities, 

Unlike other neurotrallslllitters, \vhich are 
made in md stored in vesicles 
ulltil needed, nitric oxide is made and used 

their proposals \\.ere greeted ~v i th  skepticism. 
But expectatiolls aside, nitric oxide is turning 
out to  be one of the lnost penrasive regulators 
of human physiology yet described. 

It  helps maintain nor~nal blood pressure by 
dilating blood vessel lvalls, and has lately 
been implicated in several additional-and 

GLUTAMATE Cai2 1 other neurotransmitters d o  ~n'stead, Snlder 

savs, nitrlc oxide's "recep- 
tor" is the Iron bound to 

Catc GALMODULIN 

\1. 
o SYNTHASE + NO 

It's a gas. T h e p a t h  by which nitric oxide is 
produced and has  i ts effects in  nerve cells. 

in the 27 June issue of Nature ,  the Johns 

enzvmes, lnclud~ng guan- 
GUANYLYC 

--+NO + CYLASE I 11 1 c~rclase, n hlch svnthe- 
PHOSPHQRYLATION sizes cyclic GMP, an lm- 

cGMP + CASCADE 

IVh" Snyder is proposillg, based on re- 
sults from both his lab and others, including 
those of Moncada, James Ferrendelli of 
\Vashington University in St. Louis, and 

Hopkills n~orkers describe the cloning of the 
gene encoding nitric oxide synthase, the 
enzyme that makes nitric oxide in 11en.e cells 

eign orga~lisms, the normal contractions of 
the gastroilltestinal tract, and penile erection. 
Now, neurobiologists Solomoll Snyder, 

critical-activities: Immune-celllcillingoffor- 

portant regulator of cellu- 
lar actn ltles 

Ferid Murad of Stanford University, is that 
sti~nulation of nerve cells by the excitatory 
neurotrallsmitter glutamate causes calcium 

David Bredt, and their colleagues at Johns 
Hoplulls University School of  medicine have 
evidence for yet another unexpected role for 
nitric oxide-this time in the brain. 

/ and also in the endothelial cells that line 1 ions to move into cells. Then the calcium 
blood vessels. 

Having the gene sequence may also help to  
erode any remaining pockets of resistance to  

~ c c o r d i n g  to recent \vork by the Snyder I to  d o  it?' " recalls John Vane of the \\'illiam / tion is excessive. h great deal of evidence no\v 

ions, \vorking in conjullction \vith the regu- 
latory protein calmodulin, turn on the sy11- 
thesis of the nitric oxide, \vhich in turn 

the idea that nitric oxide has biological func- 
tions. "People used to say, 'You need thun- 
der and lightning to make nitric oxide in the 
atmosphere, so how does the body manage 

group, some of \vhich is not yet published, Hanrey Research I~lstitute in Lo~ldon,  \\rho indicates that this ~leurotra~lslllitter call have 
nitric oside in lo\v coilcentratiolls acts as a studies nitric oside action in endothelial cells. neurotoxic effects if present in higher than 

diffuses t o  adjacent cells \\here it activates 
guanylyl cyclase, resulting ultimately in the 
appropriate physiological response. 

Rut trouble develops if glutamate stirnula- 

neurotransm~tter, carrying nenre impulses I No\v, he adds, it will be possible to  explore I normal amounts, and the Sn!der group's 
fro111 one cell t o  another I t  may be, Snyder 
sals, the first member of a llew IleLlrotralls- 
mltter fam~lv Neuroelldocrinologist I<arl 
ICnlgge of the U n ~ ~ e r s ~ t v  of Rochester 1 tlc tests and therap~es for diseases that mav / Alzheimer's, S n ~ d e r  proposes 

exactly how the body does d o  it. 
What's more, the clonillg of the gene may 

make it easier to  develop improved diagnos- 

Medical School calls the work one of the / result from abnormalities in nitric oxide I H e  now plans to  determine whether the 

results show that glutamate-related cell death 
is mediated by nitric oxide. That might cause 
the loss of brain neurons in Huntington's and 

"hottest, most exciting things in neurobiol- 
ogy. No\\, a ne\v kind of transmitter turns 

synthase, \vhich include high blood pressure nitric oxide synthase from patients with the 
as \veil as the neurodegenerative conditiolls neurodegenerative diseases behaves differ- 

But lvhile nitric oside is a normal neuro- 
transmitter, the \vork of Snyder's group also 
shows that \vhen nitric oxide is produced in 

out t o  be a gas Good God!" I ment~oned prev~ousl! I entl! from the enzlme of norlnal controls 
Snyder says he got interested in nitric 

oxide a felv years ago  after Salvador 
Moncada of Wellcome Research Laborato- 

toxic to neurons. Indeed, it may act as an 
agent of cell death in stroke and neuro- 
degenerative disorders such as Huntington's 

abnormally high concentrations, it can be 

That might provide clues t o  \vhy some 
people get the diseases and others don't, as 
well as providing illformation that might be 

/ ries in Berkenham, England, had identified 1 useful for diagnosis or therapy 
it as the mysterious "endothelial relaxing 
factor," n~hich is released by endothelial 
cells and causes blood vessels t o  dilate. 

June, p .  1380).  
Because of its possible ilnportance in brain 

pathology, as \\,ell as in normal brain activi- 

and Xlzheimer's disease (also see Science, 7 

Finally, the Johns Hopliins group has 
found that the sequence of nitric oxide 
synthase resembles that of another enzyme, 

ties, ~leurob~ologists nould lilre t o  Irno\\ a 
great deal about what llltrlc oxide does, and 
the Snider group has just talcen a step that 

1 Snyder decided to take a look at nitric oxide / called cytochrome P450 reductase, \vhich is 
in the brain, but assaying for it directly 
would have been hopeless, he says, because 
of its instability. So instead he and his col- 

could help answer that question 0 n e o f  the / exclus~vel! 111 neurons Then the researchers 1 more b~zarre gas-l~ke transmitter ~nolecules 

best kno\vn as a liver enzyme invol~ed  in 
drug metabolism. Rut Snyder and his col- 
leagues have found that the enzyme also 

leagues looked for the synthase enzyme. 
The strategy paid off lvhen they showed 

that, within the brain, the synthase occurs 

problems that has impeded nitric oxide re- I \vent on t o  sho\v that nitric oxide fulfills all I in the brain," Snyder speculates. "It's escit- 

occurs in brain neurons, and specifically in 
cells that d o  not make nitric oxide synthase. 
What could that mean? "Maybe there are 

search in the past is its short lifespan; it lasts the classical criteria for a neurotransmitter. ing to  us. It's a completely new concept of 
for only seconds after its manufacture. But I t  is made in nen.e cells, for example, and lleurotra~lslllission." w MICHELLE HOEF~LIAN 




