peroxide:25% ammonia:water = 1:1:5, 80°C). A drop
of poly-L-lysine (molecular weight 15,000 to 30,000,
Sigma, Heidelberg) at a concentration of 1 mg/ml in
water was applied to the gate and dried. The chamber
was filled with leech Ringer (115 mM NaCl, 4 mM
KCl, 1.8 mM CaCl,, 10 mM tris-maleate, pH 7.4). A
neuron was sucked several times into a wide glass
pipette (tip diameter, 80 to 100 wm) to remove con-
nective tissue and was transferred into the chamber. We
attached the cell to a narrow pipette (tip diameter, 10 to
25 pm) by suction and pressed it gently onto the gate
with a micromanipulator and a stereomicroscope. The
micropipette was removed. The attachment was com-
pleted within a few minutes after addition of Ringer to
the chamber as the coat of poly-L-lysine faded away.
Measurements with the FET were started within a
minute after attachment. After tests to record spontane-
ous activity, we impaled a microelectrode (tip diameter
<1 um). After completion of the measurements, the
chip was cleaned with water and hot basic hydrogen
peroxide and reused.

18. Bulk Si and source were kept at 2.7 V and the drain

was kept at 0.7 V such that the source-drain voltage
Vps was —2 V as marked in Fig. 3E. The current
was fed into a current-voltage converter. After am-
plification and filtering, the signal was digitized and
read into a computer. All measurements were per-
formed in the dark to avoid photocurrents. The
neuron was impaled by a glass microelectrode filled
with 3 M KCl and contacted with a Ag/AgCl
electrode. It was connected to a voltage follower of
standard design such that the membrane potential
was measured at low impedance and current could
be injected through the electrode. The signal was
digitized and read into the computer.

19. We thank M. Brandstitter, V. Tegeder, F. Jiger, and
S. Jager, who helped in setting up the Si technology
in our laboratory. Mask preparation was supported
by the Abteilung FestkGrperphysik, Universitit
Ulm. We thank E. Neher for critical reading of the
manuscript. Generous grants of the Fond der Che-
mischen Industrie to P.F. are acknowledged.
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Spectroscopic Observations of Bright and Dark
Emission Features on the Night Side of Venus

J. E. BELL IIL* D. Crisp, P. G. Lucgy, T. A. OZOROSKI,
W. M. SiNTON, S. C. WiLL1s, B. A. CAMPBELL

Near-infrared spectra of a bright and a dark thermal emission feature on the night side
of Venus have been obtained from 2.2 to 2.5 micrometers (jm) at a spectral resolution
of 1200 to 1500. Both bright and dark features show numerous weak absorption
bands produced by CO,, CO, water vapor, and other gases. The bright feature (hot
spot) emits more radiation than the dark feature (cold spot) throughout this spectral
region, but the largest contrasts occur between 2.21 and 2.32 pm, where H,SO,
clouds and a weak CO, band provide the only known sources of extinction. The
contrast decreases by 55 to 65 percent at wavelengths longer than 2.34 pm, where CO,
clouds, and water vapor also absorb and scatter upwelling radiation. This contrast
reduction may provide direct spectroscopic evidence for horizontal variations in the
water vapor concentrations in the Venus atmosphere at levels below the cloud tops.

EAR-INFRARED (NIR) IMAGES

-and spectra of Venus acquired by

Allen and Crawford (1) revealed
that the night side of the planet was unex-
pectedly bright at wavelengths near 1.7 and
2.3 pm, in atmospheric windows between
strong CO, and water vapor absorption
bands. These authors concluded that this
night-side radiation was produced thermally
in the hot lower atmosphere of Venus. The
bright-contrast and dark-contrast features
were thought to be produced as this radia-
tion passes through a higher, cooler, opti-
cally thin cloud region. Subsequent observa-
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tions and theoretical analysis confirmed
these conclusions. Allen (2) ratioed low-
resolution spectra of bright and dark regions
of the Venus night side and found that this
ratio was almost independent of wave-
length. This result implies that the agent
that produces the dark features is a contin-
uum absorber, such as the H,SO, cloud
droplets, rather than a gas. Kamp et al. (3)
showed that the night side radiation could
be completely accounted for by thermal
emission from the pressure-broadened far
wings of CO, and H,O lines in the deep
Venus atmosphere. Their results also
showed that intensity contrasts as large as
those observed on the night side could be
produced by variations in the cloud optical
depth of 20%. Crisp et al. (4) combined
infrared images of Venus with Allen’s spec-
tra and spacecraft observations (5) and
showed that the features were produced by
horizontal variations in the optical depth of
the middle or lower cloud deck at altitudes
between 48 and 55 km. The feature rotation
period at those levels was found to be about
6 =+ 1 days, indicating equatorial east-west

wind velocities of about 70 m/s. Bezard et al.
(6) analyzed new high-resolution spectra of
a bright region on the Venus night side and
showed that the thermal emission in the
2.3-pm region originates primarily at levels
above 8 bars (30 km), whereas the 1.74-um
radiation is produced at deeper levels. Their
spectra placed new constraints on the con-
centrations of several important trace gases
in the lower Venus atmosphere, including
H,0, CO, HCL, and HF. They also pro-
vided an independent confirmation of the
enhanced D/H ratios observed by Pioneer
Venus (7) and provided the first true detec-
tion of OCS in the Venus atmosphere.

New imaging and spectroscopic observa-
tions of the Venus night side were taken
from a global network of observatories dur-
ing January and February of 1990 to sup-
port the Galileo spacecraft Venus flyby. On
10 February 1990 UT the Galileo Near-
Infrared Mapping Spectrometer (NIMS)
was the first spacecraft instrument to take
NIR images and spectra of the Venus night
side. These data have better.spatial resolu-
tion than the ground-based data, but severe
limits on the data telemetry rate and on
spacecraft tape recorder storage restricted
the spatial, temporal, and spectral coverage
of the NIR features.

To complement the Galileo NIMS exper-
iment we conducted daytime spectroscopic
observations of Venus from the National
Aeronautics and Space Administration
(NASA) Infrared Telescope Facility (IRTF)
at Mauna Kea Observatory during 26 to 30
January 1990. This observing period was
ideal for spatially resolved studies of the
night side of Venus because passage of the
planet through inferior conjunction less
than 2 weeks before provided a relatively
large disk (60 arc seconds) and a thin sunlit
crescent (a = 155°). We used the Cooled-
Grating Array Spectrometer (CGAS) to
provide a spectral resolution between 1200
and 1500 in the 1.7- and 2.3-pm windows
(8). The CGAS has a 2.7-arc second circular
entrance aperture and yielded an effective
spatial resolution of 550 km on the Venus
night side. Because Venus was perilously
close to the sun in the morning sky, we used
a special telescope mask to prevent sunlight
from striking the primary mirror (9).

We coordinated our spectroscopic obser-
vation program with a concurrent NIR im-
aging program lead by Sinton and co-work-
ers at the University of Hawaii Air Force
61-cm telescope on Mauna Kea (10). Their
images allowed us to acquire spectra of the
darkest and brightest features on the Venus
night side. A 2.36-pm NIR camera image
acquired on the morning of 29 January
1990 UT showed a large (~5-arc second)
hot spot on the Venus night side centered at
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16°N latitude (Fig. 1). We obtained two
spectra of the hot spot and one of the cold
spot during the short (4-hour) morning
observing period.

The spectra were obtained in seven spec-
tral intervals across the 2.2- to 2.5-um re-
gion; each spectral interval has an eight-
channel overlap with the adjoining interval.
We observed a Lyr at an almost identical
airmass as Venus and used its spectrum for
atmospheric extinction and instrument re-
sponse corrections and for flux calibration.
The CGAS is not an optimum instrument

Fig. 1. K-band (2.2 pm) NICMOS
near-infrared camera image of Ve-
nus obtained at 1710 UT 29 Janu-
ary 1990 {rom Mauna Kea (10).
North is up and east is to the left.
The bright, irregular region of the
night side just east of the limb is the
hot spot observed with CGAS. The
cold spot is the dark region located
15 arc seconds (0.5 Venus radii)
east of the hot spot.

for photometry [absolute photometric per-
formance rarely exceeds 10% (8)], but be-
cause of the large contrast difference be-
tween bright and dark regions and the high
NIR flux level from the Venus night side,
this level of precision is adequate to identify
the location and origins of the emission. The
ratio of hot-spot and cold-spot spectra taken
only 3 to 5 min apart exhibits a much higher
precision than the absolute spectra because
of the near complete cancellation of instru-
mental and terrestrial atmospheric effects.
Calibrated hot-spot and cold-spot spectra

Fig. 2. Spectra of the hot
spot and cold spot depicted
in Fig. 1. The hot-spot and
cold-spot spectra were com-
piled from seven indepen-
dent  spectral segments.
Each segment consisted of
30 channels and had an
8-channel overlap with adja-
cent segments. The hot-spot
flux is consistently greater
than that from the cold spot,
however the contrast is
much greater at wavelengths
less than 2.34 um. The sim-
ulated hot-spot spectrum
was produced with the use
of the wet profile described
in the text and a nominal
cloud model (19) in which
the optical depths of the
mode-2' and mode-3 parti-
cles were reduced by 60%
(equivalent to a 22% reduc-
tion in the total Venus cloud
optical depth). The dry pro-
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in the simulated cold-spot
spectrum. The CO and OCS
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abundances for both spectra were taken from (6). Errors in the depth of the CO, absorption features
at wavelengths shorter than 2.3 pum are caused by known errors in the strengths of weak CO, lines at
these wavelengths (17). Water vapor and CO produce extinction primarily at wavelengths longer than

2.3 pm.
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(Fig. 2) show several similar absorption
features. The most prominent are the CO
2-0 fundamental bands at 2.29 to 2.34 pm
and 2.35 to 2.45 pm, CO, bands at wave-
lengths shorter than 2.3 pm (11), and H,O
bands at wavelengths longer than 2.39 pm.
In addition, OCS absorbs at wavelengths
between 2.44 and 2.46 pm (6, 11). The
overall shape of the cold-spot spectrum is
almost identical to that of the spectra de-
scribed by Allen (2) and Bezard ef al. (6).
The two hot-spot spectra have similar shapes
and intensities, but their shapes differ sub-
stantially from those of the earlier spectra.
For example, they are more than twice as
bright as the spectrum of Bezard et al. (6) at
wavelengths near 2.3 pum, but they have
comparable intensities at 2.4 pm. This
change in shape appears as a sharp change in
contrast near 2.34 wm in the ratio of hot-
spot to cold-spot spectra (Fig. 3). At wave-
lengths less than 2.34 wm, this ratio is about 5,
but it decreases to about 3 beyond 2.34 pm.

Because Allen (2) saw no large contrast
changes near 2.34 um, we conducted a
series of tests to insure that this feature was
not an artifact of our observing technique or
data processing methods. Scattered sunlight
could introduce a spurious blue slope in the
hot-spot spectrum, but it could not produce
a sharp contrast change like that seen in Fig.
3. Small tracking errors that allowed the hot
spot or cold spot to slowly drift out of our
aperture while the different spectral seg-
ments were being compiled could also pro-
duce contrast changes, but such changes
would not be as sharp as those observed
because the boundaries of the hot spot and
cold spot are not sharp. A video tape of the
television guider output shows no evidence
for large, sudden drifts. Furthermore, there
is no known reason why such errors would
occur at the same wavelength in both hot-
spot spectra. Tracking errors are of some-
what greater concern for the single cold-spot
spectrum, but there is less reason to suspect
its reliability because its shape is similar to all
previously collected NIR spectra of the Ve-
nus night side. The process of combining
the seven different spectral segments into a
complete spectrum involves the use of poor-
ly constrained scaling factors (8, 12), butitis
unlikely that this process introduced the
observed contrast change because this
change occurs near the middle of a single
segment, instead of near the end. In spite of
this, we tested the reliability of our methods
for combining these segments by using two
completely independent methods. Both
methods produced almost identical results
for the hot-spot and cold-spot spectra.

The contrast change at 2.34 pm could
have important implications for the compo-
sition of the deep Venus atmosphere. If the
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Venus clouds are composed primarily of
concentrated sulfuric acid droplets, the con-
trast change cannot be produced by the
clouds because there are no known varia-
tions in the spectrum of sulfuric acid at these
wavelengths (13). This spectral contrast
change could be produced if the hot spot
was associated with increased H,O mixing
ratios below the clouds. Water vapor ab-
sorbs strongly at wavelengths longer than
2.3 pm but produces little absorption at
shorter wavelengths (14). Variations in the
CO and OCS abundances at these levels
could also contribute to the observed con-
trast change, but neither of these gases ab-
sorbs at all wavelengths where the contrast
reduction is seen (11).

To quantify our results and to improve
our understanding of the mechanisms that
produce the spectrally dependent bright and
dark*feature contrasts on the night side of
Venus, we used a numerical radiative-trans-
fer model to simulate the observed spectra.
Monochromatic gas absorption coefficients
and optical depths were derived from a
version of the line-by-line model (15). That
model was modified for use in the high-
temperature, high-pressure Venus atmo-
sphere by addition of an explicit treatment
of the sub-lorentzian shape of the pressure-
broadened far wings of CO, and CO lines
(16) and the super-lorentzian shape of water
vapor lines (17), and by inclusion of pres-
sure-induced CO, absorption bands (18).
We obtained the thermal irradiance at the
top of the vertically inhomogeneous Venus
atmosphere by incorporating the mono-

chromatic gas optical depths and aerosol
optical properties into a version of the delta-
Eddington-Adding program (19) that was
modified by adding a thermal source func-
tion in each layer. We estimated the up-
welling radiance at the top of the atmo-
sphere from the computed irradiances by
assuming that the radiance field at the top of
the atmosphere was independent of zenith
angle and dividing the irradiances by r.
The nominal input atmosphere includes
absorption by four gases (CO,, H,O, CO,
and OCS) as well as absorption and multiple
scattering by clouds consisting of the four
distinct sulfuric acid particle modes (1, 2, 2/,
and 3) observed by the Pioneer Venus
Cloud Particle Spectrometer Experiment
(20). The nominal temperature and pressure
profiles were taken from the Pioneer Venus
Sounder Probe measurements (21). To sim-
ulate the hot-spot spectra, we modified the
nominal vertical cloud structure derived by
Crisp (19) by decreasing the optical depths
of H,S0, particle modes 2’ and 3 in the
middle and lower clouds. The model atmo-
spheres had 50 layers between the surface
and an altitude of 100 km. These layers were
almost equally spaced in the log of pressure.
The CO, mixing ratios were set to 0.96 at all
levels, and the CO and OCS mixing ratios
were as in (6). Two different H,O mixing
ratio profiles were used. The wet profile was
a simplified version of that inferred from
Venera 13 and 14 measurements (22). It has
water vapor mixing ratios that increase from
0.8 ppmv above 65 km, to 100 ppmv at 45
km, and then to 200 ppmv below 40 km.

75 T T T T T
70+ Mo
/“\-i '\-vf"! !
651 VAR
./'/ i
6.0 e i
e |
55 i
J: i
50 - [
Fig. 3. The ratio of the ob- |
served hot-spot and cold- -% 45 |- 1 4
spot spectra (solid line) is e
compared to ratios of syn- B 40l ]
thetic spectra for wet and =
dry model atmospheres (see 351 -
Fig. 2). The observed radi-
ance emitted by the hot spot 30| -
is about 55 to 65% greater
than the cold spot short- 251  —— Observations ]
ward of 2.34 pm. The wet Models
and dry h.‘)t':ﬁm models are 20 =~ Wethot spot/ dry cold spot i
identical in all respects, ex- —-— Dry hot spot/ dry cold spot
cept for the water vapor 15 N
profiles. Oscillations in the
simulated  spectral ratio 10 | | | | |
longward of 2.34 pm are 220 225 230 235 240 245 250
due to uncertainties in the
vertical distribution of H,O. Wavelength (um)

31 MAY 1991

The dry profile (6) has 0.8 ppmv above 65
km, increasing to 40 ppmv of H,O at all
altitudes below 55 km.

The synthetic spectra were computed on a
wavelength grid with a resolution of 0.01
cm™! and then smoothed with a triangular
slit function with a full width at half maxi-
mum of 4 cm™' to simulate the CGAS
results. The shape and amplitude of the
computed spectra were sensitive to the par-
ticle size distribution assumed, but they
were much less sensitive to the vertical struc-
ture of the clouds. A best fit to the observed
hot-spot spectrum was produced by remov-
ing 60% of the mode 2’ and mode 3 parti-
cles from the middle and lower clouds (23).
This constitutes about 22% of the total
cloud optical depth. The best fit cold-spot
model was produced with the use of the nom-
inal cloud opacities described by Crisp (19).

A comparison between the observed and
computed hot-spot and cold-spot spectra
(Fig. 2) shows that the wet profile (22)
produces a much better fit to the hot-spot
spectrum, but it produces too much absorp-
tion at wavelengths longer than 2.34 pm for
the cold-spot case. In contrast, the dry case
(6) provides a good fit to the cold-spot
spectrum, but does not produce enough
attenuation at wavelengths longer than 2.34
pm for the hot-spot case. These conclusions
are reinforced by the comparison between
the ratios of observed and computed hot-
spot and cold-spot spectra (Fig. 3). The best
fit to the observations is produced by a
model atmosphere in which the amount of
water vapor decreases as cloud abundance
increases.

These observations and simulations may
provide direct spectroscopic evidence for the
presence of large horizontal variations in
H,O in the deep Venus atmosphere. Our
hot-spot spectra also yield H,O abundances
as large as those measured by the Pioneer
Venus and Venera descent probes. Earlier
NIR spectra indicated that H,O abundances
were 20 to 40% of that indicated by the
spacecraft data; this difference caused some
concern that the different techniques may
not be measuring the same phenomenon.
The apparent relation between bright re-
gions and high water amounts could be
explained if the bright regions are produced
by sedimentation of H,SO, cloud particles
and subsequent evaporation. The H,SO,
vapor would then thermally dissociate to
form H,O and SO; in the hot atmosphere
below the clouds. The lifetime of water-rich
regions would be limited by horizontal mix-
ing associated with the strong vertical shear
in the east-west winds below the clouds, and
perhaps by other processes.

We have too little information to test this
simple model fully (24). Crisp et al. (25)
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have obtained ratios of narrow-band images
of Venus at 2.24 and 2.4 pm that show
small, spatially dependent contrast varia-
tions, but their analyses of these images
indicates that H,O variations are much
smaller than those seen here, and they are
not well correlated with either feature
brightness or latitude. The spatially resolved
spectra collected by the Galileo NIMS ex-
periment could help to determine the spatial
relationship of the NIR features and the
trace gas abundances in the lower Venus
atmosphere.

The apparent presence of spatially varying
H,0 abundances below the clouds has a
variety of implications for studies of the
deep Venus atmosphere. For example, the
spatial distribution of wet and dry regions
must be known to estimate the total water
budget of the lower Venus atmosphere. The
water budget, in turn, affects the efficiency
of the atmospheric greenhouse mechanism
that maintains the high surface tempera-
tures. Both water vapor and clouds play an
important role.in this greenhouse by block-
ing thermal emission in spectral windows
between CO, bands (26). Abundances of
H,O as large as those inferred from our
hot-spot spectra, along with an unbroken
cloud deck as -thick as that used for our
cold-spot model are assumed in current
greenhouse models to yield the observed
surface temperatures (730 K). Thus other
greenhouse absorbers or other radiative pro-
cesses that are not currently included in
those models may be needed to account for
‘these high temperatures in consideration of
the lower water abundances of cold-spot
regions and the lower cloud abundances of
hot-spot regions that we have observed.
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Identification of the DNA Binding Site for NGFI-B
by Genetic Selection in Yeast

TraoMAs E. WiLsoN, TIMOTHY J. FAHRNER, MARK JOHNSTON,

JEFFREY MILBRANDT*

An in vivo selection system for isolating targets of DNA binding proteins in yeast was
developed and used to identify the DNA binding site for the NGFI-B protein, a
member of the steroid—thyroid hormone receptor superfamily. The feasibility of the
technique was verified by selecting DNA fragments that contained binding sites for
GCN4, a well-characterized yeast transcriptional activator. The DNA binding domain
of NGFI-B, expressed as part of a LexA—-NGFI-B—GAL4 chimeric activator, was then
used to isolate a rat genomic DNA fragment that contained an NGFI-B binding site.
The NGFI-B response element (NBRE) is similar to but functionally distinct from
elements recognized by the estrogen and thyroid hormone receptors and the hormone
receptor—like proteins COUP-TF, CF1, and H-2RIIBP. Cotransfection experiments
in mammalian cells demonstrated that NGFI-B can activate transcription from the
NBRE with or without its putative ligand binding domain.

XPRESSION OF EARLY RESPONSE
genes is rapidly and transiently in-
duced in response to various stimuli,
including growth factors. These genes often
encode transcriptional regulatory proteins
[for example c-fos and c-jun (1)] and are
thought to activate or repress genes appro-
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priate to the changing cellular environment
or to the newly differentiated state. Howev-
er, the target genes of most mammalian early
response genes have not been identified, so
their specific functions in cellular differenti-
ation are unknown.

NGFI-B is an early response gene that is
induced by nerve growth factor (NGF) in
the rat pheochromocytoma cell line PC12
(2, 3). This neural crest-derived cell line
responds to NGF by differentiating into a
postmitotic cell type with neuronal charac-
teristics (4). Sequence analysis shows that
NGFI-B shares similarity with the steroid—
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