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Galileo Ultraviolet Spectrometer Experiment: 
Initial Venus and Interplanetary Cruise Results 

The Galileo Extreme Ultraviolet Spectrometer obtained a spectrum of Venus atmo- 
spheric emissions in the 55.0- to  125.0-nanometer (nm) wavelength region. Emissions 
of helium (58.4 nm), ionized atomic oxygen (83.4 nm), and atomic hydrogen (121.6 
nm), as well as a blended spectral feature of atomic hydrogen (Lyman-@) and atomic 
oxygen (102.5 nm), were observed at 3.5-nm resolution. During the Galileo spacecraft 
cruise fiom Venus to  Earth, Lyman-ar emission fiom solar system atomic hydrogen 
(121.6 nm) was measured. The dominant source of the Lyman-ar emission is atomic 
hydrogen fiom the interstellar medium. A model of ~ & l e o  observations at solar 
maximum indicates a decrease in the solar Lyman-ar flux near the solar poles. A strong 
day-to-day variation also occurs with the 27-day periodicity of the rotation of the sun. 

0 N 8 FEBRUARY 1990 THE EXTREME The EUV is mounted on the spinning 
Ultraviolet Spectrometer (EUV) section of the spacecraft, and its field of view 
on the Galileo spacecraft obtained a sweeps out a great circle 0.87' wide on the 

spectrum of Venus in the wavelength range celestial sphere at about 3 rpm, passing 
of 55 to 125 nm. After this encounter, the through the north and south ecliptic poles in 
interplanetary cruise period from Venus in a plane perpendicular to the spacecraft spin 
February 1990 to Earth in December 1990 axis. Commands to the EUV determine the 
was used for observations of atomic hydro- fraction of the great circle observed and the 
gen Lyman-a (121.6-nm) radiation from number of bins (called sectors) into which 
the interplanetary medium. The EUV (1) that fraction is divided. During the Venus 
has a mechanical collimator and a single- encounter individual photon events, togeth- 
reflection Wadsworth optical system that er with a wavelengthand a sky sector loca- 
uses a concave grating to feed a 128-pixel, tion, were stored on the spacecraft tape 
bare microchannel plate detector. The re- recorder for later playback to Earth. During 
sulting spectra have 3.5-nm spectral resolu- the interplanetary cruise the photon events 
tion for objects that fill the 0.87" by 0.17" were integrated in the onboard memory of 
field of view of the instrument. The space- the EUV in a matrix of sector and wave- 
craft spin axis maintains an orientation that 
is within a few degrees of the sun while it is 
inside 1 astronomical unit (AU) . 

length knowledge, which was periodically 
read out. 

During the Venus encounter EUV data 
were recorded for 75 min, 25 min of which 
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contain the planet. The observed great circle 
was divided into 120 1.6" sectors: Venus 
filled 17  sky sectors as the spacecraft flew 
past at 22,000 to 29,000 km from the planet 
center. The disk-integrated dayglow-spec- 
trum of Venus (Fig. 1) shows several well- 
resolved emission lines. The feature at 121.6 
nm (H Lyman-a) is due to resonance scat- 

tering of sunlight by atomic hydrogen. The 
feature near 102.6 nm contains H Lyman+ 
(102.57 nm) formed by resonance scatter- 
ing and may contain a contribution from 0 
pumped by the solar Lyman$ line, as occurs 
in the dayglow of Earth (2). The EUV 
brightness ratio of Lyman-a to the feature at 
102.6 nm on Venus is 170, compared to the 
ratio of 624 measured by the EUV in the 
interplanetary hydrogen background. Also 
visible are lines of He (58.4 nm) and 0+ 
(83.4 nm), confirming earlier reported de- 
tections made with EUV instruments on 
Mariner 10 (3) and Venera 11 and 12 (4). 
The He line at 58.4 nm is due to resonance 
scattering of sunlight by atomic He. Several 
mechanisms can contribute to the formation 
of O+ at 83.4 nm: direct photoionization 
excitation of atomic oxygen, electron impact 
ionization and excitation of atomic oxygen, 
and resonance scattering of sunlight by ox- 
ygen ions (5). 

Other Venus emissions were observed in 
the region from 90 to 120 nm (Fig. 1); they 
are presumably an unresolved blend of sev- 
eral atomic or molecular emissions or both. 
The dayglow of Earth contains numerous 
oxygen and nitrogen emissions in this re- 
gion (5). The strongest unresolved line in 
the Venus EUV spectrum is probably 0 
(98.9 nm), prominent in the dayglow of 
Earth, (6) where it is excited by photoelec- 
tron impact (5). Table 1 indicates the de- 
rived brightnesses for the resolved and near- 
ly resolved lines and compares the values to 
ones obtained with EUV instruments on 
Mariner 10 (3) and Venera 11 and 12 (4). 
Galileo brightness values represent the aver- 
ages over the portion of the sunlit disk 
viewed by the instrument, whereas Mariner 
and Venera brightness values represent the 
largest value seen on the planet. Error esti- 
mates for the Galileo data are based on the 
uncertainties in the absolute calibration of 
the EUV in the laboratory. 

For the Lyman-a measurements made 
during the interplanetary cruise period, the 
great circle swept out by the EUV sampled 

Wavelength (nm) 

Fig. 1.  The EUV spectrum of Venus. Error bars 
( 5  1 a) have been placed on identified lines. 
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Fig. 2. Interplanetary Lyman-a observations for a 
great circle at an ecliptic longitude of 252" passing 
through the ecliptic poles. The observations are 
marked with double pluses, which indicate the + 1 
u limits. The model results are shown by the solid 
line. 
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the sky in 35 10" sectors that are 0.87" wide. 
As the spacecraft orbited the sun its spin axis 
was kept near the sun, so the EUV observa- 
tion path systematically changed in ecliptic 
longitude. The entire celestial sphere was 
mapped twice during one orbit about the 
sun. Although Earth-orbiting spacecraft 
such as OGO-5 (7) and planet-orbiting 
spacecraft such as Pioneer Venus have made 
extensive maps of the interplanetary Ly- 
man-a emissions, observations from Galileo 
have the added dimension of a varying he- 
liocentric distance. 

The general features of the interplanetary 
Lyman-a emissions are explained by the 
interstellar wind model (8). In this model, 
neutral hydrogen atoms of the local inter- 
stellar medium enter the solar system be- 
cause of the relative motion of the sun with 
respect to the interstellar medium. The neu- 
tral hydrogen atoms are ionized by the solar 
wind and solar ultraviolet radiation, creating 
a cavity with distinct upwind and downwind 
directions. The remaining hydrogen atoms 
scatter solar Lyman-a radiation, producing 
the interplanetary Lyman-a emissions. The 
hydrogen cavity is axially symmetric with 
respect to the incoming velocity vector, pro- 
vided that the solar ultraviolet flux and solar 
wind flux are latitudinally invariant. Pioneer 
Venus observations made at solar minimum 
in 1986 indicated that the solar wind flux is 

from day 186 to day 200. ~ u r h ~  this 
period, the EUV scanned a complete great 
circle that intercepted the ecliptic equator at 
ecliptic longitudes of 252" and 72" near the 

poles than that in the ecliptic (9, 10). 
An important set of interplanetary Ly- 

man-a observations were made with the 
Galileo EUV in July 1990. The spacecraft 
was at a heliocentric distance of 1.2 AU and 

250 - _ an ecliptic longitude of 342". The spacecraft 
attitude was held in a tixed inertial position 

- . 

upwind and downwind directions of the 

ionization being 30% less over the solar 

interplanetary atomic hydrogen cavity. The 
EUV data were continuously integrated on- 
board the spacecraft and then read out on 
days 190, 193, 197, and 200. The data from 
day 190 are shown in Fig. 2. The interplan- 
etary Lyman-a intensity reaches a maximum 
in the upwind direction iust north of the 
ecliptic equator and a minimum in the 
downwind direction slightly south of the - .  

ecliptic equator. 
Two major modifications were made to the 

interstellar wind model (10) to obtain the fit 
to the data from day 190 shown in Fig. 2. 
First, the solar wind flux was assumed to be 
symmetric, with the rate of ionization over 
the poles being equal to the rate in the 
ecliptic. A more s&metric flux for the 1990 
observations, made at solar maximum, com- 
pared with the 1986 Pioneer Venus observa- 
tions. made at solar minimum. is consistent 
with the expected dependence of the solar 
wind on solar activity ( 1  1).  Second, the solar 
Lyman-a was given a latitudinal dependence 
with less ~ y m k - a  emanating from-the solar 
poles than that from the solar equator. This 
latitude-effect had been theoretically predicted 
to occur near solar maximum because of the 
presence of Lyman-axmitting active regions 
at low solar latitudes (12). The polar Ly- 
man-a flux 1 AU from the sun, derived with 
the theory in (12), was 2.8 x 10" photons 
cm-2 s -1 , compared to equatorial values that 

ranged from 3.5 x lo1' to 4.1 x 10" 
photons cm-2 s-'. The range of values for 
the solar equatorial flux comes from the pres- 
ence of strong, low-latitude active regions at 
particular solar longitudes. 

Table 1. Features in the dayglow of Venus. Galileo, 8 February 1990; Mariner 10, 5 February 
1974; Venera 11, 25 December 1978; and Venera 12, 21 December 1978. 

Wave- Brightness (Rayleighs) 
length Species 
(nm) Galileo Mariner 10 Venera 11 Venera 12 

Day 193 
250-Day 197----- 

Day 200- 

North Ecliptic South Ecliptic 
ecliptic equator ecliptic equator 
pole (upwind pole (downwind 

direction) direction) 

Fig. 3. Interplanetary Lyman-a observations for 
four different time periods, viewed from the same 
great circle as that in Fig. 2. 

Figure 2 has a slight asymmetry between 
the data and the model, with the data lying 
above the model in the northern ecliptic 
hemisphere and below. the model in t h e  
southern ecliptic hemisphere. This discrep- 
ancy is interpreted as a further asymmetry in 
the solar Lyman-a flux. with the solar flux 
being more intense in the solar northern 
hemisphere than that in the solar southern 
hemisphere at the time of these observa- 
tions. 

The observations from days 190, 193, 
197, and 200 are shown in Fig. 3. These 
observations were all made along the same 
great circle, which includes the two ecliptic 
poles and the ecliptic equator in the upwind 
and downwind directions. The major differ- 
ence between these four observations of the 
Lyman-a sky background is the systematic 
decrease in intensity in the upwind direction 
in the time period from day 190 to day 200. 
This change in the Lyman-a sky background 
is caused by the change in the solar Lyman-a 
flux during this period. In the upwind di- 
rection. the centroid of the volume emission 
rate of the Lyman-a radiation that is scat- 
tered by interplanetary atomic hydrogen is 
located about 2 AU from the sun. This 
changing Lyman-a sky background was 
compared to a solar Lyman-a index derived 
from Solar Mesosphere Explorer observa- 
tions of the solar Lyman-a flux made during 
the previous solar cycle (13). This compari- 
son showed that the phase relationship be- 
tween the observed Lyman-a sky back- 
ground and the solar Lyman-a index was in 
agreement with the geometry of the inter- 
stellar wind model. 
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TH E SEARCH FOR THE W l L M S TUMOR 

(WT) gene on chromosome l l p l 3 
has yielded a complementary DNA 

(cDNA) clone (WT1) that has characteris­
tics of a tumor suppressor gene (1, 2). The 
wtl gene is mutated or deleted in a subset of 
sporadic and hereditary Wilms tumors (2, 3) 
and is expressed in the condensing mesen­
chyme, renal vesicle, and glomerular epithe­
lium of developing kidney, suggesting that 
WT1 functions in normal kidney differenti­
ation (4). The wtl gene encodes a protein 
that contains four zinc fingers and a gluta-
mine- and proline-rich NH2-terminus, 
structural motifs associated with sequence-
specific binding to DNA, and transcription­
al regulatory functions (5). 

The wtl -encoded protein recognizes the 
same DNA sequence element (5'-CGC-
CCCCGC-3') as the EGR-1 protein, a tran­
scription factor that contains three zinc fin­
gers and shares >65% amino acid sequence 
similarity with WT1 in the zinc finger 
region (6). After induction by a variety of 
cell surface stimuli, EGR-1 (also known as 
NGFI-A, T1S-8, Krox 24, and zif268) (1, 
8) rapidly accumulates in the nucleus, 
binds to the EGR site, and activates the 
transcription of target genes whose prod­
ucts are required for mitogenesis and dif-
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ferentiation (9, 10). The proteins encoded 
by all members of the. EGR family are 
positive activators of transcription when 
bound to their cognate sequence in target 
genes (9, 10). 

To determine the function of WT1 in 
transcriptional regulation when it is bound 
to the EGR site, transient transfection assays 
were carried out with expression vectors 
(Fig. 1A) that contained the full-length cod­
ing region of wtl (CMV-WT1) and egr-1 
(CMV-EGR-1) under the control of the 
cytomegalovirus immediate-early promoter 
(11). As controls, stop codons were intro­
duced into the coding regions of each gene 
to generate the plasmids CMV-WT1 (TGA) 
and CMV-EGR-1 (TGA). Of the two re­
porter plasmids used in these experiments 
(Fig. 1A), the first contained three synthetic 
EGR binding sites upstream of the minimal 
c-fos promoter (10) linked to the chloram­
phenicol acetyltransferase (CAT) gene 
(p3XEBS-CAT), whereas the second con­
tained 1 kb of the murine EGR-1 promoter 
(12) upstream of the CAT gene (pEGR-
1.1.2-CAT). 

Analysis of CAT activity (13-15) in NIH 
3T3 fibroblasts cotransfected with the 
expression and reporter plasmids revealed 
the expected stimulation of the p3XEBS-
CAT vector by CMV-EGR-1 (10), but not 
by the control CMV-EGR-1 (TGA) (Fig. 
IB). However, the basal level of transcrip­
tion was reduced in cells cotransfected with 
CMV-WT1 and p3XEBS-CAT (Fig. IB). 
Neither CMV-EGR-1 nor CMV-WT1 af­
fected a CAT reporter plasmid that lacked 

EGR binding sites (16). 
To determine whether WT1 inhibited the 

ability of EGR-1 to activate p3XEBS-CAT, 
varying ratios of the CMV-WT1 and CMV-
EGR-1 plasmids were cotransfected with 
p3XEBS-CAT (Fig. IB). At a 1:1 ratio of 
CMV-WT1 and CMV-EGR-1, activation 
by EGR-1 was reduced, and at a 2:1 ratio, 
activation by EGR-1 was abolished. Thus, 
WT1 repressed both basal and EGR-1-
induced transcription from p3XEBS-CAT. 
The same experiments performed in human 
embryonic kidney-derived 293 cells re­
vealed transcriptional activation of the 
p3XEBS-CAT reporter plasmid by CMV-
EGR-1 and repression by CMV-WT1 (Fig. 
IB). 

The p3XEBS-CAT reporter plasmid con­
tains EGR binding sites in an artificial pro­
moter context and exhibits a low basal level 
of transcriptional activity (Fig. IB). This 
low basal level made* it difficult to assess the 
potency of WT1 as a transcriptional repres­
sor in cotransfection assays (Fig. IB). To 
circumvent this problem, we used the 
pEGR-1.1.2 promoter, which contains sev­
eral EGR binding sites of varying affinities 
as well as other genetic regulatory elements 
(12) in their natural context. The WT1 
vector efficiently repressed the normal, high 
basal levels of transcriptional activity of 
pEGR-1.1.2-CAT in NIH 3T3 cells (Fig. 
1C), independent of whether the cells were 
incubated in high (10%) or low (0.5%) 
serum after transfection (16). 

The WT1 mRNA transcript is subject to 
alternative splicing (1, 2, 11) (Fig. 2A), in 
one case resulting in the insertion of lysine, 
threonine, and serine (KTS) between the 
third and fourth zinc fingers. A WT1 pro­
tein that contains this insertion does not 
bind to the EGR-1 site (Fig. 2B) (6). A 
second alternative splice results in the inser­
tion of 17 amino acids in the region imme­
diately NH2-terminal to the zinc finger 
domain (1, 11) and does not affect DNA 
binding activity (Fig. 2B). To determine 
the effect of these amino acid insertions on 
the ability of WT1 to repress transcription, 
the four possible combinations of the 
spliced variants were produced by site-
directed mutagenesis (18), tested for DNA 
binding activity (Fig. 2B) (19) and expres­
sion in COS-1 cells (Fig. 2, legend), and 
assayed for repression by cotransfection 
with pEGR-1.1.2-CAT (Fig. 2C). The 
proteins that contained the KTS insertion 
(WT1-KTS, WT1-17AA-KTS) did not re­
press transcription of the reporter plasmid 
(Fig. 2C) or bind to the EGR-1 site (Fig. 
2B). However, repression was observed in 
the absence (WT1) or the presence (WT1-
17AA) of the 17-amino acid insertion. 
Thus, binding to the EGR-1 site is re-
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