
endocytosis, as would be expected of a G. Williams, Nature 311, 675 (1984); K. Drick- 15 July 1988 through filters centered on 
receptor in coated pits, is unknown. H~~ amer, J. F. Mamon, G. Binns, J .  0. Leu%, J .  Biol. 

Chern. 259, 770 (1984); K. E. Mostov, M. Fried- three methane bands (6190' 7270' and 
much of the GP330 molecule is shed in the lander. G. Blobel. Nature 308. 37 (1984). 8900 A) and three nearby continuum re- 
form of immune complexes is also un- 
known. The eventual availability of a full- 
length cDNA should allow a detailed analy- 
sis of how much of this protein is shed 
rather than endocytosed and why, An analy- 
sis of the antigenic sites recognized by the 
pathogenic autoantibodies by use of nested 
sets of synthetic peptides (21) and a determi- 
nation of their location in this membrane 
glycoprotein may reveal the autoimmune 
basis of Heymann nephritis and its human 
counterpart. 
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Neptune Cloud Structure at Visible Wavelengths 

Digital images of Neptune showing cloud structure at visible wavelengths were 
obtained in July 1988. A discrete bright feature was detected both at 6190 A (a weak 
methane absorption band in the visible) and at 8900 A (a stronger methane band in the 
near infrared). The images also revealed that Neptune's southern pole was bright 
relative to planetary mid-latitudes at 6190 A but not 8900 A. The implications of these 
findings for atmospheric rotation and structure are discussed. The detection of discrete 
features at visible wavelengths is of special importance to the upcoming Voyager 
encounter with Neptune: the wide-angle camera has a 6190 A flter similar to that used 
for these observations. 

F OR THE PAST DECADE, THE PLANET 

Neptune has shown a remarkable 
amount of variability on time scales 

ranging from hours to years (1). In 1987, 
the diurnal variation of Neptune's disk-inte- 
grated flux was caused by a single atmo- 
spheric inhomogeneity (discrete feature), 
with the observed fluctuations attributable 
to the appearance and disappearance of this 
feature during planetary rotation (2). Many 
earlier images of the planet show discrete 
cloud features on Neptune, but these images 
were always obtained at 8900 A, a strong 

Jet Propulsion Laboratory, Pasadena, CA 91 109. 

near-infrared methane absorption band 
where the contrast between features and the 
surrounding atmosphere is enhanced (3-5). 
No images at visible wavelengths have 
shown discrete features ( 5 ) ,  even though 
their presence at these wavelengths was in- 
ferred from disk-integrated photometly that 
showed strong diurnal variation (6, 7). In 
this paper I present new images obtained at 
visible wavelengths that show discrete cloud 
features. 

The new images of Neptune (shown in 
Fig. 1) are a subset of data obtained with the 
University of Hawaii 2.24-m telescope 
(Mauna Kea Observatory, Hawaii) on 11 to 

tion. 1n practice, this technique smooths 
across pixel boundaries. Only large-scale fea- 
tures are true features associated with Nep- 
tune (see Fig. 1); "features" that are smaller 
than a tenthof a planetary diameter are not 
true features on the planet, but pixel-to-pixel 
variations in the detector. 

From the feature's apparent motion as the 
planet rotates, an atmospheric rotation peri- 
od can be derived. In the past, a number of 
different rotation periods were deduced 
from the variability of Neptune, ranging 
from 17.0 2 0.05 up to 18.4 2 0.01 hours 
(4). Because the diverse measurements of 
Neptune's period came from obsenrations at 
a variety of wavelengths ranging from the 
visible (6190 A) out to the near infrared (at 
1.25 and 2.2 km), the discrepancy of peri- 
ods was attributed to wavelength, that is, 
different wavelengths were probing to dif- 
ferent depths in the atmosphere (6,  8, 9) .  In 
1988, the dominant atmospheric rotation 
period was 17.7 k 0.5 hours, based on 
observations of transits of the brightest fea- 
ture in several series of 8900 A images (10) 
and on disk-integrated photometry of the 
planet at 8900 A (11). But the 17.0-hour 
period found in 1986 and 1987 was also 
determined at 8900 A (2). Furthermore, 
measurements of the feature's location on 
the disk of the planet indicate that in 1988 
the same feature was detected at both 6190 
and 8900 A (Fig. 1). Thus the period at 
6190 A is the same as that found from 8900 
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A data: 17.7 2 9.5 hours, significantly 
different from the 18.4hour period seen at 
this same wavelength in 1977 (6). The 
observed difference in period is evidently 
not due to wavelength of the observation. 

An alternative explanation for the differ- 
ence is latitudinal variation, that is, zonal 
wind systems (6, 8, 12). The direct observa- 
tions of discrete features over the last few 
years support this explanation. In 1986 and 
1987, the brightest cloud feature was locat- 
ed at -38" + 3" and had an atmospheric 
rotation period of 17.00 + 0.05 hours (2). 
But the latitude of the brightest feature in 
1988 was -30" 2 2", with an atmospheric 
rotation period of 17.7 2 0.5 hours (11). 
This corresponds to a difference in mnal 
winds on the order of 170 mls, comparable 
to that seen on the other major planets (13). 

The images also reveal that Nepme's 
southern pole appeared bright relative to 
planetary midlatitudes at 6190 A but not 
8900 A (see the top two images in Fig. 1). 
The polar brightening is visible only when 
the discrete bright feature is dose to the 
edge of the planetary disk or on the hemi- 
sphere opposite Earth (that is, not visible 
from Earth). The discrete feature is so much 
brighter than the rest of the planet that 
when it is on the visible disk, features with 
smaller contrast (like the polar brightening) 
are no longer discernible. However, no de- 
tectable polar brightening is seen in the 
earliest 8900 A image, even though the 
discrw bright feature is barely visible on the 
edge of the planet's disk. This implies that at 
8900 A the polar brightening is of extremely 
low contrast, if present at all. 

Because of this wavelength dependence, 
the altitude of the scattering material that 
produces the polar brightening can be esti- 
mated. At these wavelengths, methane mol- 
ecules in Neptune's atmosphere are very 
absorbing, causing the planet to appear very 
dark. But scattering material located Edirly 
high in the atmosphere reflects sunlight 
before it penetrates deep enough to be 
absorbed, causing the ~ g i o n s  with this ma- 
terial to appear brighter than the rest of the 
planet. Furthermore, the methane molar fiac- 
tion above the aopopause on Neptune is 
thought to be unusually lalrge. Normally, one 
would expect that methane would condm 
out of Neptune's atmosphere at the tempera- 
ture minimiun (located at a depth corn- 
spondq to 0.2 to 0.3 bar); ifso, the methane 
molak fraction above this level would be quite 
small, on the order d 1 x lo-', as is seen on 
Uranus (14). However, observations of Nep- 
tune's infrared spectra and modeis of its ther- 
mal suucture indicate that its methane molar 
fraction may be 0.02 or greater (14, 15). 
I h d r e ,  the contrast at methane band 
wavelengths between high-altitude inhomo- 

geneiacs and the sumunding annosphere 
should be especially mng;  the contrast at 
8900 A (a strong a w o n  band) is expect- 
ed to be greater than that at 6190 A (a weaker 
band). 

Recent studies of the vertical aerosol dis- 
mbution of Neptune indicate that a s i m -  
cant brightening at the weak methane band 
(6190 A) without a corresponding bright- 
ening at the strong band (8900 A) implies 
that the material causing the brightening 
would probably be located at or below 50 
mbar, for methane molar fiaction of 0.025 
(16). For comparison, photochemical mod- 

F@. 1. The figure shows a series of images of 
Neptune taken at two diflknt wavelengths on 14 
July 1988 [starting times of each exposure (in 
universal time) are shown in the figure margins]. 
The time sequence advances from top to bottom 
in each column. Not only do these new images 
show discrete clouds at mid-latitudes at pear- 
infrared waveIengths (8900 4 right column), 
they are the first to show a feature at 
visible wavelengths (6190 I& column) and 
revealed the presence of a haze layer wvering t h ~  
southern polar region on Neptune (top left im- 
age). The discrete feature can be seen moving 
across the disk as the planet rotates. The Voyager 
2 spacccrafr's wide-angle camera has a filter C h i -  
lar to the 61!M H) ater used to obtain the imagh 
in the left. North is up and east is to the lefi 
(Neptune's rotation axis is about 14' from north 
toward east, tilted about 2P back from the plane 
of the sky so that the southern pole is visible). 

eis indicate that hydrocarbon hazes (formed 
of ethane, acetylene, and diacetylene con- 
detlsates) are probably located in the region 
above 15 mbar (1 7). The observed limb- 
brightening in methane band images does 
indicate the presence of an aerosol layer at 
this higher pressure level (16). The polar 
brightening is thus probably caused by a 
different aerosol layer, perhaps a methane 
condensate cloud, at slightly greater depths. 

The visible wavelength images reported 
here are of special importance to the Voyag- 
er 2 encounter with Neptune (scheduled for 
24 August 1989). The wide-angle camera 
on the Voyager 2 spacecraft has a methane 
band filter similar to the filter used for these 
observations (18). Therefore, when Voyager 
2 is close enough to Neptune (some-time 
after April 1989), its methane band images 
should show distinct cloud features and a 
polar haze. Voyager's excellent spatial reso- 
lution during the encounter (an increase of a 
factor of 1000 over ground-based resolu- 
tion) will complement Earth-based observa- 
tions which have greater spectral coverage 
(imaging longward of 7000 A) and a longer 
time base (more than 10 years). Ground- 
based observations are be@ phned  to 
coordinate with the Voyager imaging se- 
quences. 
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Expression of a Bacterial Gene in a 
Trypanosomatid Protozoan 

VIVIAN BELLOFATTO AND GEORGE A. M. CROSS 

A simple and reproducible assay for DNA-mediated transfection in the trypanosoma- 
tid protozoan Leptomonas seymouri has been developed. The assay is based on 
expression of the Escherichia coli chloramphenicol acetyl transferase (CAT) gene 
flanked by Leptomonas DNA fragments that are likely to contain necessary elements for 
gene expression in trypanosomes. After electroporation of cells in the presence of 
plasmid DNA, CAT activity was detected in crude cell lysates. No activity was detected 
when the orientation of the L .  seymouri mini-exon sequence (placed upstream of the 
CAT gene) was reversed, or  in additional control experiments. This system provides a 
method for defining transcriptional control elements in trypanosomes. 

M OLECULAR STUDIES HAVE RE- 

vealed many distinctive features 
of gene expression in the trypano- 

somatid protozoa. Mature mRNAs result 
from the joining of two exons, which are 
initially transcribed as separate RNAs. In 
Trypanosoma brucei, the 5' exon common to 
all characterized mRNAs is transcribed as a 
short nonpolyadenylated RNA, the mini- 
exon donor RNA (medRNA), whose 5' 39 
nucleotides (nt) (the mini-exon) are spliced, 
in trans, onto an independently transcribed 
coding exon during mRNA maturation (1, 
2). Trans-splicing is probably necessary to 
process polycistronic RNAs, whose exis- 
tence in trypanosomes has been demonstrat- 
ed (3) or implied (4, 5). 

The medRNA genes of different trypano- 
somatids are mostly arranged in tandem 
arrays, and share sequence motifs within the 
mini-exon, at the medRNA exon-intron 
junction and at the presumed site of tran- 
scription termination (6-8). The identifica- 
tion of a complex methylated cap structure 
on the 5' end of medRNA isolated from T.  
brucei indicates that medRNA transcription 
initiates at the conserved 5' AACTAA se- 
quence of medRNA (9) ,  which is consistent 
with the results of transcription studies in 
isolated nuclei (2). Thus, it is likely that 

sible to define the genetic elements that are 
essential for transcription initiation and for 
RNA maturation and stability. 

We are developing Leptomonas seymouri, an 
insect trypanosomatid, as a model system for 
studying RNA transcription and splicing 
because large quantities can be grown axeni- 
callv and individual cells can form colonies 
on agar plates (4, 6). Three laboratories have 
published their experiences in the pursuit of 
DNA-mediated transfection of trvuano- 
somes. All of these studies relied 6;n the 
detection of nucleic acid in potentially trans- 
fected cells, and were either unconvincing 
(10) or unrepeatable (11). To detect trans- 
fection, we utilized a plasmid (pAL5) incor- 
porating the Eschevichia coli chloramphenicol 
acetyltransferase (CAT) gene. Trypano- 
somes have no intrinsic CAT activity (Table 
1). By measuring enzyme activity and not 
relying on the detection of nucleic acid as a 
measure of DNA uptake and expression, we 
were able to use large amounts of DNA 
without the danger of false positive results 
caused by DNA contamination of RNA 
preparations. 

We surrounded the CAT coding region 
with L. seymouri sequences that we judged 
likely to contain control signals on the basis 
of available information concerning tran- 

RNA polymerase promoter recognition scription of these sequences (1, 4, 6 ,7 ) .  As 
sites are present within each reiterated unit, all translated mRNAs in trypanosomes pos- 
uDstream of the 5 '  end of medRNA. How- sess the mini-exon seauence at their 5 '  end 
ever, in the absence of an experimental (14 ,  we placed the L,  seymouvi mini-exon 
genetic or in vitro system, it has been impos- sequence and 304 nt of upstream sequence 

5 '  to the CAT coding region. T o  avoid the 

Laboratory of Molecular Parasitology, The Rockefeller processing and potentia' loss of the mini- 
University, New York, NY 10021. exon, which we intended to be fused directly 

to the 5' end of CAT mRNA (rather than 
added by trans-splicing), we constructed 
pAL5 such that the dinucleotide sequence 
GT, normally found at the 5' intron end of 
medRNA (1, 6, 7, 8), was absent from the 
region between the mini-exon sequence and 
the CAT coding sequence. To provide poly- 
adenylation signals to the pAL5-derived 
mRNA, we placed the 3' end and down- 

amp R 

"8dCfS2G;, x" Y " m ~ ~ c ~ m c  

Fig. 1. Construction of plasmid pAL5 (5.9 kb). 
Plasmid pALl was constructed as follows: the 
4.6-kb Apa I-Hpa I fragment from pSV2CAT 
(14) was ligated to a 700-bp Ava 11-Hind I11 
fragment from pST3 (4) (Ava I1 site filled in; 
Hind I11 site is present within the pUC12 poly- 
linker region of pST3) and to the 290-bp Hind 
111-Apa I fragment from pM4 (6) in a single 
reaction. Consequently, pALl has, counterclock- 
wise from the Apa I site: an ampicillin resistance 
gene, the pBR322 ori and the SV40 ori (black 
box); the CAT gene, small-t intron, and part of 
the SV40 early region lacking the polyadenylation 
signals (hatched box); the L. seymouvi a-tubulin 
gene 3' end and downstream region (cross- 
hatched box) and the L. seymouvi mini-exon gene 
3' end and surrounding region (open box). 
pAL2, which contains a single Hind I11 site 36 bp 
upstream of the CAT gene, was constructed by 
deleting a Hind I11 site in pALl that is between 
the a-tubulin and 3' medRNA regions. To gener- 
ate PALS, the 334-bp Rsa I fragment of pM4, 
which contains 304 bp of upstream sequence and 
the 5' 30 bp of the mini-exon, was cloned into the 
Hind I11 site of pAL2 after ligation to an adaptor 

5' ACrnATTGA 
TGAAATAACTKGA 

that completes the mini-exon and provides Hind 
I11 ends. In pAL3, the orientation of this frag- 
ment (315 + MX; open box) is reversed. The 
sequence of the mini-exon-CAT region was con- 
firmed by DNA sequencing. The three portions 
of sequence shown are, from left to right: the 
mini-exon 5' end; the mini-exon 3' end and Hind 
I11 site (underlined), generated by adaptor addi- 
tion; and the translational start (boldface type) of 
the CAT gene. The two Hind I11 (H) and Rsa I 
(R) sites, the Apa I (A) site used in the construc- 
tion of pAL1, the unique Bam HI (B) and Eco RI 
(E) sites, and the positions of the pBR322 ori, the 
SV40 ori, and the ampicillin resistance gene (amp) 
gene, are indicated. 
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