
Thus we have four lines of evidence that 
sperm initiate the fertilization potential by 
means of acrosomal protein: (i) acrosomal 
protein is in intimate contact with the oo- 
cyte surface at the time of fertilization ( l l ) ,  
(ii) the isolated protein causes a fertilization 
potential-like response, (iii) sperm initiate 
fertilization potentials in the probable ab- 
sence of fusion, and (iv) sperm lipids are not 
required. It will be interesting to determine 
whether blocking the acrosomal protein on 
sperm will prevent induction of fertilization 
potentials. 

If sperm-egg fusion does not open the 
fertilization ~otential channels. the most 

M. Gould-Somero, Nature (London) 291, 254 
(1981). 
M. Gould, in Method in Developmental Biology, F. 
Wi t  and N. Wessells, Eds. (Crowell, New York, 
1967), pp. 163-171. 
Artificial seawater (ASW) was 484 mM NaCI, 10 
mM KCI, 27 mM MgC12, 29 mM MgS04, 10 mM 
CaC12, 2.4 mM NaHC03, pH 8. In ASW with 1/10 
CaZ+, CaC12 was 1 mM, and in ASW with 1/10 
Na+, NaCl was 49 mM with 436 mM choline 
chloride (5). 
Both the hot trichloroacetic acid-extracted acroso- 
mal protein and the major band acrosomal protein 
extracted from acetic acid-urea polyacrylmde gels 
(11) were used in the experiments; no differences 
were seen in the oocytes' responses. 
0 .  Lowry, N. Rosebrough, A. Farr, R. Randall, J. 
Bwl. Chem. 193, 265 (1951). 
When oocytes are mixed with a uniform concentra- 
tion of acrosomal protein, 0.03 mglrnl is sdc ien t  to 
activate them (11). 

24. Oscillations in membrane potential during the fall- 
ing phase of the response are occasionally observed 
in both fertilization and acrosomal protein poten- 
tials. 

25. Other criteria for acce table data were (i) that the 
Ca2+ action potential Pasted longer than the stimu- 
lus at the be innin of the experiment [when ASW 5 g with 1/10 Ca + was used oocytes were first enetrat- 
ed with the microelectrode m standard A ~ W  then 
the Ca2+ concentration was changed by perfusion 
(5)] and (ii) that at the termination of the experi- 
ment when the electrode was removed from the 
oocvte into the seawater bath, the zero potential on 
the'chart recorder had not changed by more than 
*3 mV from the value before the electrode penetrat- 
ed the oocyte. These criteria apply to all data in the 
article. 

26. We thank L. Martinez for her help and D. Kline and 
L. A. JaEe for comments on the manuscript. 
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likely mechanism is that molecules on the 
sperm surface (for example, the acrosomal 
protein in Urechis) interact with egg surface 
components to open the channels This in. Detection of Rift Vdey  Pever Viral Activity ill Kenya 
teraction could be of a specific receptor- by Satellite Remote Sensing Imagery 
ligand nature, although other possibilities 
c& be envisaged. ~ o e r m  surface molecules 

u 

could open egg membrane channels by 
modifying the egg surface charge or by 
inserting into the egg bilayer, changing its 
structure. Both possibilities are reasonable 
for acrosomal protein which is a polycation 
and has hydrophobic properties (11). In 
Urechis it is also known that the fertilizing 
sperm opens only a localized patch of ~ a '  
channels (18); thus the acrosomal protein 
could even be acting directly on the egg 
membrane without the involvement of a 
second messenger system. 
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Data from the advanced very high resolution radiometer on board the National 
Oceanic and Atmospheric Administration's polar-orbiting meteorological satellites 
have been used to infer ecological parameters associated with Rift Valley fever (RVF) 
viral activity in Kenya. An indicator of potential viral activity was produced from 
satellite data for two different ecological regions in Kenya, where RVF is enzootic. The 
correlation between the satellite-derived green vegetation index and the ecological 
parameters associated with RVP virus suggested that satellite data may become a 
forecasting tool for RVF in Kenya and, perhaps, in other areas of sub-Saharan Africa. 

UTBREAKS OF RIFT VALLEY FEVER 

(RVF) disease in domestic animals 
(epizootics) in sub-Saharan Africa 

are clearly correlated with widespread and 
heavy rainfall associated with the intertropi- 
cal convergence zone (14). It is thought 
that such rainfall can flood mosquito breed- 
ing habitats, known in Kenya as "dambos" 
(5) ,  which contain transovarially infected 
Aedes mosquito eggs and subsequently serve 
as an excellent habitat for the development 
of other mosquito vectors (4, 6, 7). The 
introduction of the virus into susceptible 

vertebrates by Aedes and the tremendous 
increase in numbers of secondary mosquito 
vectors can create an epizootic of this disease 
in sub-Saharan Africa. If the rains that 
evolve from the intertropical convergence 
zone are not widespread, heavy local rainfall 
may flood infected mosquito habitats and 
introduce the virus into domestic vertebrate 
populations enough to replenish the dambo 
habitats with infected eggs, but possibly not 
enough to sustain an epizootic. 

To prevent or lessen the impact of RVF 
disease in Africa, known parameters of epi- 
zootic viral activiw are monitored so that 
control efforts can be implemented. Satellite 

ETHIOPIA remote sensing technology is the newest and 
possibly the only method available to con- 
duct surveillance activities over such a large 
and diversified area as sub-Saharan Africa. u 

UGANDA Remote sensing of green vegetation dynam- 
KENYA ics is a well-developed technique and one for 

which several satellites collect data world- 
STUDY AREA 

1 TANZANIA < :  
Flg. 1. Location o f  study areas in Kenya. 
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wide. Such data have been used for survey- 
ing ecological conditions predisposed to 
desert-locust activity (8, 9). We analyzed 
factors related to RVF viral activity and 
green-leaf vegetation dynamics, with the 
latter derived from satellite data as they 
relate directly to rainfall and subsequent 
vegetation development, during an interepi- 
zootic period in a restricted area in Kenva 
where epizootics occur. We describe a quan- 
tifiable detection methodology that could be 
applied on a continental basis with data 
from polar-orbiting meteorological satel- 
lites. 

The two areas in Kenva where RVF virus 
studies were conducted are described on the 
basis of the classification of Kenyan eco- 
climatic zones one through six (1 0) and are 
defined in terms of climate and vegetation. 
The study areas, zones 2 and 3 in Fig. 1, 
have been described (7). Monthly rainfall 
data were obtained from the ~ e n v a  Meteo- 
rological Department. Adult mosquito pop- 
ulation levels and RVF viral activity were 
continuously monitored from ~ e ~ t e m b e r  
1982 to March 1985 (7). Observations of 
the flooding of potential mosquito vector 
habitats were made concurrentlv while mon- 
itoring the adult mosquito population. 

Digital remote sensing data were pro- 
duced by the advanced very high resolution 
radiometer (AVHRR) sensor on polar-or- 
biting meteorological satellites operated by 
the National Oceanic and Atmospheric Ad- 
ministration (NOAA). The AVHRR re- 
cords visible, near-infrared, and thermal 
channels of the electromagnetic spectrum 
(11, 12). The characteristics of the NOAA 
AVHRR systems used in this study are 
listed in Table 1. The normalized difference 
vegetation index (NDVI) analyzed in this 
study is a transformation between data from 
the visible channel (Chl, 0.58 to 0.68 ym) 
and near-infrared channel (Ch2, 0.725 to 
1.1 ym), and is expressed by 

NDVI = (Ch2 - Chl)i(Ch2 + Chl) (1) 

The NDVI data have been shown to be 
highly correlated with such vegetation pa- 
rameters as green-leaf biomass, atmospheric 
COz draw down, and seasonal rainfall (8, 
12, 13) and represent the photosynthetic 
capacity of the area measured (14). 

Weekly AVHRR data were derived from 
the global area coverage data that are pro- 
duced by the on-board processing of large 
area coverage data (1.1 km by 1.1 km) and 
subsequently transmitted to receiving sta- 
tions in Virginia or Alaska (15). The satellite 
data have a grid cell (pixel) size of approxi- 
mately 15 km by 15 krn. Weekly composite 
data were formed by selecting the highest 
NDVI for each grid cell location from the 

Fig. 2. Plots of AVHRR 
NDVI and PVAF values, 
monthly rainfall, and mos- 
quito collections from 
September 1982 to March 
1985 at ecological zone 2. 
Period of RVF virus activ- 
ity shown by shaded box. 

Fig. 3. Plots of AVHRR 
NDVI and PVAF values, 
monthly rainfall, and mos- 
quito collections from 
September 1982 to March 
1985 at ecological zone 3. 
Period of RVF virus activ- 
ity shown by shaded box. 
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daily data for that week. Weekly NDVI data characterized by low-aerosol conditions, 
were calculated and mapped to a Mercator which minimize atmospheric scattering 
projection. The highest value during a 3- (16). Compositing was performed on the 
week period was selected to represent the 3- Hewlett-Packard 1000 and Ramtek image- 
week composite for each grid cell location. processing system. 
Data selected in this manner tended to occur The potential viral activity factor (PVAF) 
near nadir, were largely cloud-free, and were statistic was developed from a methodology 
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described and tested by Hiekema (17) to 
provide a single indicator of potential desert 
locust breeding activity. The PVAF progres- 
sively weights NDVI classes wnsistent with 
field observations that increasing vegetation 
densities are positively correlated with rain- 
fdl, a critical wndition to RVF epizootics. 
The PVAF is calculated tiom NDVI data by 

0.37 < NDVI < 0.65 [0.65 is the maxi- 
mum NDVI (13)], and T=4. 

The relation between the NDVI data and 
the PVAF values and RVF ecological pa- 
rameters are .illustrated in Figs. 2 and 3. 
During the 31-month study period, r a W  
induced the flooding of darnbo mosquito 
breeding habitats once in November and 
December 1982. This flooding wrre- 
sponded to the isolation of RVF virus tiom 
mosquitoes on 11 occasions (six in zone 2, 
and five in zone 3). 

In both areas, the maximum NDVI and 
PVAF values were rewrded at the period 
starting 27 December 1982 (point C, Figs. 
2 and 3), just following the most wnsistent- 
ly rainy 3-month period (October, Novem- 
ber, and December 1982) of the 31-month 
study period. These high values either win- 

cided with (zone 3, Fig. 3) or just followed 
(zone 2, Fig. 2) the period of maximum 
mosquito vector populations and RVF viral 
activity. 

Figure 4 presents NDVI images of Kenya 
for October, November, and December 
1982 through 1984. Since NDVI represents 
a bounded ratio, values can range fiom -1 
to 1. We have assigned brown, gold, green, 
red, pink, blue, and pyple colors to increas- 
ing NDVI values tiom 0.0 to 0.6 as indicat- 
ed by the wlor coding bar on Fig. 4. The 
letters on each of the images correspond to 
letters indicated on Figs. 2 and 3. The 
intense pink and blue colors in the Dccrm- 
ber 1982 (C, Fig. 4) image in the central 
pomon of Kenya dearly stand out as the 
time of most intense green vegetation devel- 
opment, substantially higher than the wrre- 

PVAF = 

where A is the number of grid cells with 
0.05 < NDVI < 0.20, B is the number of 
grid cdls with 0.20 < NDVI < 0.29, C is 
the number of grid cells with 0.29 < NDVI 
< 0.37, D is the number of grid cells with 



Table 1. Characteristics of the NOAAIAVHRR 
systems. The NOAA-7 satellite was launched in 
June 1981 and taken out of operation 28 January 
1985. NOAA-9 was launched in December 1984 
and is still operational. 

Characteristic Measure 

Coverage cycle 9 days 
Scan angle range 256" 
Ground coverage 2700 km 
Orbit inclination 98.9" 
Orbital height 833 km 
Orbital period 102 min 
Ground resolution 1.1 km (nadir); 

2.4 km 
(maximum off- 
angle along 
track) 

6.9 km (maximum 
off-angle across 
track) 

Descending mode, 
1430 hours 

Ascending mode, 
0230 hours 

Equatorial crossing 

spondiig period in the two subsequent 
years (F and I, Fig. 4). The December 1982 
visual image correlates with the highest 
NDVI and PVAF values seen at point C 
(Figs. 2 and 3) and coincides with the only 
RVF viral activity detected. 

The oositive correlation between NDVI 
and rakfall is evident in both ecological 
zones examined, even though other parame- 
ters controlling vegetation production, such 
as temperature and evapotranspiration, were 
not considered. In addition, the correlation 
betweeh NDVI and mosquito populations, 
as reflected by our collection data, further 
corroborates the relation between NDVI 
and rainfall, as mosquito population levels 
are known to  be highly related to  rainfall 
patterns. 

The ability of the PVAF to detect, with 
precision, RVF viral activity in ecological 
zones 2 and 3 in our study areas during an 
interepizootic period suggests that RVF 
epizootics could be detected reliably from 
this statistic. The isolation of virus in mos- 
quitoes represents the earliest stages in a 
RVF epizootic. Detection of viral activity at 
this point in the RVF viral life cycle could 
allow time for specific control operations 
before an epizootic occurs. The PVAF gen- 
erates rapid knowledge about potential viral 
activity conditions in ecologically equivalent 
areas and consolidates NDVI data, effective- 
ly reducing the operational decision-making 
process as it rtlates to  control strategies. The 
ground studies and remote sensing technol- 
ogy discussed here for RVF virus will cer- 
ta'ldy have an application to other diseases 
that decimate the continent and are ecologi- 
cally linked, either directly or through trans- 
mission vectors. 
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Signaling for Growth Orientation and Cell 
Differentiation by Surface Topography in Urmyces 

The dimensions of the topographical signals for growth orientation and infection 
structure formation, a cell differentiation event that includes nuclear division, were 
determined for the stomatal penetrating rust fungus U v q c e s  appendhlatur. The 
differentiation signal was found to be a simple ridge on the substrate surface that had a 
markedly optimum height of 0.5 micrometer. Such ridges were microfabricated on 
silicon wafers by using electron-beam lithography. A similar ridge, in the form of a 
stomatal lip, was found associated with the stomatal guard cells of the bean (Phmeolur 
wbaris) leaf. Ridge elevations greater than 1.0 micrometer or less than 0.25 
micrometer did not serve as effective signals. Germ tubes of the fungus were highly 
oriented by ridge spacings of 0.5 to 6.7 micrometers. The data indicate that the fungus 
is able to distinguish uniquely minute differences in leaf surface topography in order to 
infect the host plant. 

A BROAD RANGE OF EUKARYOTIC 
cells sense surface signals (1, 2), but 
none display a more precise and 

unique recognition phenomenon than that 
exhibited for topographical perception by 
many of the obligate fungal plant pathogens 
(3-5). For example, the bean rust fungus, 
Uronzyces appendiculatus (Pers.) Unger, ger- 
minates from a spore and grows on the leaf 
surface as a hypha in a precisely oriented 
direction toward a stomate where it ceases 
growth and develops a series of specialized 
infection structures necessary for leaf coloni- 
zation (5, 6). The developmental sequence 
involves gene expression (3, mitosis, and 
distinct morphological changes (8). The first 
of these infection structures, termed an 
appressorium, forms directly over the sto- 
mate (Fig. 1) through which it must eventu- 
ally enter the leaf to develop other infection 
structures, for example, vesicles, haustorial 
mother cells, and haustoria. Using chemical- 
ly inert plastic replicas of the leaf surface, 
W y m  (9) showed that the precise position- 
ing of the appressoriurn over the stomate 
was solely in response to  topographical fea- 
tures inherent on the stomatal guard cells. It 

was thought that a sequence of topographi- 
cal signals was required to  trigger this event 
(4); however, Staples et al. recently demon- 
strated that only a single scratch in the 
substrate was necessary (5). The nature, size, 
and location of these topographical signals 
have until now only been surmised. 

During investigations to  create artificial 
substrates that are reproducibly inductive 
for appressoriurn formation, we discovered 
that U. appendiculatus recognizes, to a very 
high degree, a topography formed by the 
leading edge of a sharply inclined raised 
surface. The inductiveness of the elevated 
surface edge was directly related to  its 
height. We further determined that a similar 
topography is present on the stomatal guard 
cell, and undoubtedly is the signal that the 
fungal cell perceives to undergo cell differen- 
tiation before invasion of the host. 

H. C. Hoch, Department of Plant Pathology, New York 
State Agriculmral Ex riment Station, Cornell Universi- 

Geneva, NY 1 4 4 g .  
C. Sta les, Bopce Thompson Institute for Plant 

Research, Lrnel l  University, Ithaca, NY 14853. 
B. Whitehead, J. Comeau, E. D. Wolf, National Re- 
search and Resource Faclllty for Submicron Suucmres, 
Cornell University, Ithaca, NY 14853. 

27 MARCH 1987 REPORTS 1659 




