
conducted 1 vear later and consisted of a be- 
havioral assessment (determining episodes of 
unprotected intercourse and consistency of 
condom use) as well as health outcomes, de- 
fined by reported and recorded rates of sexu- 
ally transmitted disease (STD) symptoms and 
diagnosis of new and repeated infection with 
chlamydia and gonorrhea. The study design 
ensured consistency across settings for evalu- 
ation and outcome criteria. This study is a 
good example of a large, well-designed inter- 
vention study with an adequate period of fol- 
low-up and relevant outcome criteria, in- 
cluding both behavioral and STD end points. 
This type of intervention, namely small 
group meetings as a means to alter individual 
behavior, is one that could be instituted in 
many health-care settings, including man- 
aged care, public programs, and school or 
community-based settings. 

The approach used in Thailand takes this 
intervention strategy to the next level (3). 
The premise of this HIV prevention process 
is that changing individual behavior is neces- 
sary, but not sufficient, for decreasing the risk 
of HIV infection. Instead. the focus of the in- 
tervention was widened to include the cul- 
tural context in which individuals are living. 

0 

The intervention thus included a strategy to 
saturate the nublic with information about 
the safety and efficacy of condom use, and to 
use government funding to make 60 million 
condoms available to the population. The 
implementation required not only coopera- 
tion from the public health sector, but contri- 
butions from the social and economic sectors 
as well. The government invested 2 billion 
baht in the program in 1997. The rates of 
HIV infection in two groups were docu- 
mented before, during, and after the cam- - 
paign. Rates of infection were rising rapidly 
before the intervention, fell considerablv 
during the time of the campaign, and are now 
beginning to rise once again, in part because 
of the financial crisis in Thailand (and in 
Asia generally), which has severely curtailed 
the availability of funds for the continuation 
of the prevention efforts. So, "Does HIV pre- 
vention work!" The answer is. "ves-but one , , 
always needs to be able to actually implement 
the intervention." This requires access to ser- 
vices for evaluation and treatment, a support- 
ive communitv or environment to enable in- 
dividuals to actually carry out the healthful 
behaviors, and the ability to acquire the in- 
formation, skills, and services to reduce risk. 

So whv don't we benefit from what we 
know works? In the United States, politics 
interfere with science-based policy. The ad- 
ministration recently acknowledged the sci- 
entific basis for recommending needle ex- " 
change programs as a useful way to reduce 
HIV transmission by intravenous drug users 
and their partners, but its withholding of fed- 
eral funding for these efforts shows the effect 

of politics. Similarly, Congress assigned $50 
million in 1997 for abstinence-only education, 
at a time when a fuller, more balanced ap- 
proach was shown to be more effective. Com- 
prehensive family life and sex education with 
age-appropriate access to condoms is a far bet- 
ter approach to reduce risk-related behaviors 
in students. In addition, the major television 
networks continue to ban condom advertise- 
ments, despite the recent Kaiser Family Foun- 
dation survey showing that 72% of adults sup- 
port condom commercials on network TV. So 
a major obstacle to effective HIV prevention 
is not a dearth of good ideas or scientifically 
based interventions, but rather political re- 
straints, even where adequate science exists as 
a basis for policy recommendations. 

The answer to the third question is there- 
fore "AIDS prevention efforts in the United 
States compare poorly to those of other na- 
tions." Clearly, the United States has the re- 
sources to provide necessary interventions and 
services suggested by the scientific studies of 
HIV prevention. Now is an appropriate time 
to question both the cost and quality of HIV 
prevention efforts, but there is little evidence 
that the United States is doing so (4). Other 
countries. such as Switzerland. Australia. and 

United States. One study of the cost-effective- 
ness of HIV preventive efforts compared three 
interventions (5). The study examined the es- 
timated cost per HIV infection averted. Vari- 
ables included the number of uninfected indi- 
viduals, the incidence of HIV, the effective- 
ness in reductions in risk behaviors. and the 
estimated number of HIV infections averted. 
The results ~ointed to clear differences in cost- 
effectiveness: $2,667 for needle exchange for 
injection-drug users (in New York City); 
$12,000 to train community leaders (in Biloxi, 
Mississippi); and $194,186 for HIV testing of 
surgeons. The United States has the money 
but does not invest it wiselv. according to this , , - 
analysis. Scientifically based prevention strat- 
egies exist, thev work, and thev are available to " 

scale up to larger populations-but only if we 
can align policy and politics with the current 
science of HIV prevention. 
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I PLANT BIOLOGY I 

How Calcium Enhances 
Plant Salt Tolerance 

Emanuel Epstein 

Like  cells in general, most plant cells accu- 
mulate the ion potassium and exclude so- 
dium. The resulting high potassium/sodium 
ratios in the cells enable potassium to per- 
form essential functions that sodium can- 
not fulfill. This selectivity in favor of po- 
tassium is especially important in the arid 
and semi-arid regions of the world, where 
excess sodium salts in the soil cause wide- 
spread and often severe problems for crop 
production. The sodium may compete with 
potassium in membrane transport and in 
functions such as enzyme activation, lm- 
pairing the ability of the plant to grow. For 
decades, it has been known that another 
ion, calcium, is required to maintain or en- 

hance the selective absorption of potassium 
by plants at high concentrations of sodium 
( 1 ) .  The mechanisms underlying this cru- 
cial action of calcium in protecting plants 
against the disruptive effects of high sodium 
concentration have so far eluded us. Now 
on page 1943 of this issue, a significant ad- 
vance in our understanding has been made 
by Liu and colleagues ( 2 ) ,  who have identi- 
fied the molecule that likely mediates this 
calcium protection. 

During membrane transport of ions in 
any plant exposed to saline conditions, po- 
tassium/sodium discrimination is critical at 
several steps (see the figure). Absorption of 
potassium initially occurs by an epidermal 
or cortical cell of the root as it is trans- 
ported across the outer cell membrane or 
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"transpiration" of water, mainly from leaves. 
Upon arrival in the apoplastic space of the 
leaf, if it is to function in cellular metabo- 
lism, potassium must once again be trans- 
ported, this time across the plasmalemma of 
a leaf cell into its cytoplasm. At this point 
there may be, in addition, redistribution of 
potassium, most commonly from older to 
younger, actively growing leaves. This redis- 
tribution takes place via the phloem, a cyto- 
plasmic pathway. 

Nor is that all. At three other potassium 
transport steps, the plant must differentiate 
between sodium and potassium. First, in- 
side the cell, potassium is partitioned be- 
tween the cytoplasm and the vacuole, across 
the intervening membrane, the tonoplast. 
While the cytoplasmic potassium concen- 
tration is under rather tight homeostatic 
control, that of the vacuole is more vari- 
able. Second, potassium is a major osmo- 
ticum of plant cells, an especially crucial 
feature for plants under high-salt condi- 
ions, and one requiring controlled parti- 
ioning of the element among organs, tis- 

..ues, and cell compartments. And third, po- 
tassium plays a central role in the opening 
and closing of stomata, the pores that regu- 
late gas exchange between leaves and the 
atmosphere. The ion is shuttled into and 
)ut of the guard cells, thereby controlling 

padent  in the signaling pathway essential 
for the normal function of calcium in miti- 
gating salt stress. The deduced amino acid se- - - 

h quence of the SOS3 gene product shows iu 
close affinity to calcium-binding proteins. 
specifically calcineurin and nemnal calcium 
sensors of animals (NCS), which can stirnu- 

had to test the absorption of po&ium at 
various concentrations of potassium, sodium, 
and calcium in the medium in which the 
plant roots are bathed. Tramport of the ions 
to the shoot, most often the extent of sodium 
exclusion from it, is often included. 

Experimentation with these methods had 
reached, or at least approached, a point of di- 
minishing returns in unravelmg potassium/ 
sodium transport and salt toleration (and 
eventually improving plant salt tolerance). 
Enter the techniques of molecular biology. 
As a result of the application of molecular bi- 
ology to thls field, several genes and gene 
products for potassium transport have now 
been identifled and characterized (3). Some 
operate as high-affinity (mechanism 1) trans- 
porters or carriers, whereas others function as 
low-&ity (mechanism 2) channels (4). 
How are these regulated by calcium? It is un- 
likely, given the multiplicity of the sites of 
potassium/sodium discrimination mentioned 
earlier, that calcium plays only one role in 
potassium transport and potassium/sodium 
selectivity. Rather, responses to salt stress are 
mediated by signaling pathways in which cal- 
cium acts as a second messenger. It is here 
that the new work contributes. 

Now, Liu et aL provide a molecular basis 
for the calcium sensitivity of potassium/so- 
d i m  discrimination. In Ar&psis plants 

late protein phosphatases or inhibit protein 
kinases. These versatile proteins participate 
in some ion transport phenomena in othe~ 
organisms, lending force to the authors' con- 
clusion that the gene SOS3 mediates the in- 
teraction of potassium, sodium, and calcium. 

The authors have provided a molecuh 
view of the earlier physiological finding 
that pinpointed the essential part that cal- 
cium plays in potassium/sodium discrimina 
tion in plants. The potential of this discov- 
ery to advance the pressingly important en. 
terprise of developing salt-tolerant crops ir 
considerable, notwithstanding the fact thal 
Arabidopsis is not itself a salt-tolerant plant 
Next, we will need to address the problem 01 
which sites, among the many where potas- 
sidsodium selectivitv comes into ~ lav ,  arc . ,. 

. , .  . affected by this gene. ' ..; - : .  .,. .. i - . . .. - 
, . i ,  - ;'-.'.. . ' " . '.j: ;t.'.- .; .... 

References ,? : "" ' I..... ! .y~+..-,~. , . . 
-,;a 7tz:;:3.' ; :*.:;:. h .  f l . .  .; i-,-,-&<g*.w , 

1. E. E~stein. Plant Phvsiol. 36. 437 (1961): P. A 
~al- lg~e and E. ~ ~ s t e k ,  science 166,395<1969) 

2. J. Liu and J.-K. Zhu, Science280, 1943 (1998); P 
M. Hasegawa, unpublished data. 

3. D. A. Doyle et a/., Science 280, 69 (1998); H.-H 
Fu and S. Luan, Plant Cell 10,63 (1998); S. Hoth 
I.  Dreyer, R. Hedrich, J. Eip. Bot. 48,415 (1997) 
S. Hoth et a/., Proc. Natl. Acad. Sci U.S.A. 94 
4806 (1997); E. Kim et a/., Plant Cell 10, 51 
(1998); L. V. Kochian etal., in Plant Nutrition fron 
Genetic Engineering to Field Practice, N. J. Bar 
row, Ed. (Kluwer, Dordrecht, The Netherlands 
1993), pp. 121-124; R. MacKinnon etal., Science 
280, 106 (1998); 0.  MUller-Rbber et a/., EM80 J 
14, 2409 (1995); G. E. Santa-Maria et al., Plan 
Cell 9, 2281 (1997); C. J. Smart et a/., Plant SGI 
187, 81 (1996); L. H. Wegner and A. H. De Boer 
PIanta 203, 506 (1997); 1. Winicov and D. R 
Bastola, Acta Physid. Plant. 19, 435 (1997); S 
Zimmerrnann et al. , Plant Physiol. 11 6,879 (1 998) 

4. E. Epstein, Int. Rev. Cytol. 34, 123 (1973). 

www.sciencemag.org SCIENCE VOL. 280 19JUNE 1998 1907 




