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overproduction of the protein, and not blocked in secretion-
defective strains. The two processes could share the same trans-
location mechanism but utilize different receptor proteins;
FBPase import may be greatly facilitated by a glucose-induced
receptor.

The mechanism of these translocation events remains to be
deciphered. Import of FBPase could by a unimolecular event,
such as is well-known for mitochondrial and secretory protein

translocation. If so, this would require unfolding of the transpor-
ted molecule which could involve an hsc70 isozyme .
Alternatively, protein aggregates clustered on the surface of
the vacuole/lysosome could be taken up by a micro- or
macroautophagic process, and then degraded along with the
internalized membrane. These possibilities may be distinguished
by the isolation and characterization of yeast mutants deficient
in catabolite inactivation of FBPase. O
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INFRARED and microwave spectroscopy can be used to identify
and study the parent molecules directly sublimed from cometary
nuclei. Here we report spectroscopic observations of comet Austin
(1989c1) at millimetre wavelengths using the 30-m telescope of
the Institut de Radio Astronomie Millimétrique (IRAM). We
detected the rotational transitions of hydrogen cyanide and form-
aldehyde, which were previously observed in comets Halley and
Brorsen-Metcalf'. In addition, we identified hydrogen sulphide
and methanol, neither of which has previously been detected in a
comet. The presence of hydrogen sulphide provides severe con-
straints on the formation of cometary nuclei, whereas that of
methanol supports the hypothesis that cometary nuclei have
retained, at least in part, some primitive material originating from
the solar nebula.

The observations reported here were made from 21 to 25
May 1990, when comet Austin was at 1.1 AU from the Sun and
at its closest approach to Earth (0.24 AU), with the IRAM 30-m
radio telescope at Pico Veleta (Spain). Three receivers could be
used simultaneously, allowing us to search for different lines at
the same time. The spectrometers were chosen from two banks
of 128 x100-kHz channels and two banks of 512x1-MHz
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channels. The telescope beam diameter is 14" at 169 GHz. To
allow for possible ephemeris uncertainties and tracking errors,
and to study the coma extension, we made observations at 6"
and 12" north, east, south and west from the nucleus in addition
to those aimed at the nucleus.

We detected hydrogen cyanide (HCN) through its J(1-0) and
J(3-2) rotational transitions at 89 and 266 GHz, respectively.
The formaldehyde (H,CO) 3,,-2,, transition at 226 GHz was
observed with a signal-to-noise ratio larger than 10. (A detailed
analysis of these results will be presented elsewhere.) Table 1
gives the resulting production rates and abundances relative to
water. The HCN production rate is smaller than those we
observedjpreviously in comets P/ Halley and P/Brorsen-Metcalf
(19890)*°. The H.CO relative production rate is comparable
with that estimated for P/Brorsen-Metcalf>.

To detect hydrogen sulphide (H,S), we searched for the
1,0-10; transition at 168.762 762 GHz, which is expected to be
the most favourable millimetre transition of this molecule
because it occurs between low energy levels. We used a double-
sideband SIS  (superconductor-insulator-superconductor)
mixer receiver (the image band being 7.8635 GHz higher); the
system temperature was ~ 1,500 K. The line was unambiguously
detected with an area of 0.30+0.04 Kkms™' (Fig. 1). The line
is centred at the comet nucleus rest velocity, and the line width
is 1.4km s, which is typical of all confirmed cometary radio
lines. The line was observed on two days with different local
oscillator settings, which excludes a spurious detection due to
a receiver or spectrometer flaw. Figure 1 is the average of the
two days of observation. The weaker and narrower feature at
3.5kms ' (corresponding to a frequency of 176.6283 GHz in
the image band) only appeared in the first day of observation.
On the second day, a similar feature appeared at 8.5 km 57!
(176.6277 GHz in the image band). Both features may therefore
come from the same signal in the image band, but its origin
(internal interference or cometary line) is unknown.

Hydrogen sulphide has not previously been identified in a
comet, although its presence was suspected from the tentative
detection of H,S" in the visible spectrum of comet IRAS- Araki-
Alcock 1983 VII (ref. 4) and from a mass spectrometer signal
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FIG. 1 The H,S 1,,-1,, spectrum of comet Austin (24-25
May 1990). The abcissa scale has been converted to Doppier
velocities assuming a line rest frequency of 168.762 762 GHz
in the frame of the comet nucleus. Thus the line profile
represents the radial velocity distribution of the gas. The
frequency resolution is 100kHz, corresponding 10
0.18 km s™*. The intensity scale is main-beam antenna bright-
ness temperature. The telescope beam diameter is 14”. The
spectrum is an average of observations made toward the
nucleus and at positions offset by 12” north, east, south
and west.

0.1

Antenna temperature (K}

~0.1

at mass 35 attributed to H;S" in the Giotto investigations of
comet P/Halley’. From the H,S laboratory ultraviolet absorp-
tion spectrum of ref. 6 and the solar reference spectrum of ref.
7, we calculate a lifetime of 4,000 s before photodestruction at
1 AU from the Sun. We assume that this species is expanding
from the nucleus with a velocity of 0.8kms™' (which is in
agreement with the observed line width). H,S is thus confined
in the inner coma, and its excitation is governed by collisions.
For a preliminary estimate of the production rate, we assume
rotational local thermodynamic equilibrium at a temperature®
T, = 50 K. This assumption is not critical, because the derived
production rate is roughly proportional to the rotational parti-
tion function and scales as T,.,'”. The resulting H,S production
rate is 9 x 1025 57",

From the cometary water production rate estimated at the
time of our observations, we tentatively infer a relative abund-
ance [H,S]/[H,O] of ~0.002. This is an order of magnitude
less than the estimated sulphur abundance in cometary
volatiles®, which is close to the cosmic relative abundance
[S§1/[0]=0.02. The only other sulphur species definitely iden-
tified in comets are S, and CS (ref. 10), with relative abundances
still smaller than that of H,S. Thus, cometary sulphur might be
retained in molecular species so far undetected.

In the analysis of the Giotto mass spectrometer data’, an
unreasonably large H,S production rate was obtained when a
parent molecule distribution for this molecule was assumed,
and a distributed source had to be invoked to interpret the
observation. In fact, this problem arose because too short a
lifetime for H,S was used. With the lifetime we have derived,
the Giotto data are consistent with an H,S relative abundance
similar to that observed here.

We investigated methanol (CH;0H) using the same receiver
as for H,S, but with a rejection of 6 dB on the image band; the

TABLE1 Molecular production rates and relative abundances in comet Austin (1989¢1)

Production
rate
{molecules
Molecule Transition pers '} Abundance Ref.

H,0 OH {ultraviotet) 6.0 <102 1.00 e
H,0 OH (18 cm) 40x10% Nangay*®
HCN #1-0189GHz  25x10%° 4x107* IRAM
H,CO 3,,-2;; 226 GHz 4x<10%°* 6x107° IRAM
H,S 1,0-101 169 GHz 9x10%° 2x107? IRAM
CH30H 145 GHz 5 x10%¢ 1x1072 IRAM

| S—

A . L i 1

0
Velocity (km s™1)

system temperature was ~750 K. The spectrometer was a 512 x
1-MHz bank centred on 145.110 GHz, allowing us to search for
several of the J(3-2) AK = 0 transitions simultaneously, but not
to resolve the lines (velocity resolution: 2.1 km s™!). We detected
two lines with signal-to-noise ratios of 5 and 3 and tentatively
detected two other lines at the 2-sigma level (Fig. 2 and Table
1). Observation of other spectral regions with the same
spectrometer during this run allowed us to rule out the possibility
of faulty channels at these line positions. We also observed the
96 GHz spectral region, where two lines of the J(2-1) AK =0
transitions are marginally present. Observing several rotational
lines of the same species simultancously is fascinating because
it provides clues to its rotational distribution and excitation
conditions. In a preliminary calculation, we assumed a unique
rotational temperature and obtained the best least-square fit to
the data for T,,, =22 K. Table 2 gives the relative line intensities
expected for T,,, =20 and 70 K. This suggests that methanol is
rotationally relaxed, as is observed for other cometary species
such as water®. [t is interesting to note that for this temperature,
the other CH,OH transitions falling in the frequency range of
the spectra we observed occur between higher rotational levels
and are too weak to be detected. In other words, there are no
missing lines in our spectra, and we can have more confidence
in our detection. From the CH;OH laboratory ultraviolet absorp-
tion spectrum'! we evaluate a lifetime of 7.7 x 10* s at 1 AU from
the Sun. For T, =20 K, the resulting CH;OH production rate
is ~5x10°*s™' corresponding to an abundance of 0.01 relative
to water.

TABLE 2 Methanol lines in the 96,7 and 145 GHz spectral regions

Line ratio
Frequency Line area Expected

Line [GHz| ImKkms™*] Observed 20K TOK
(2.-1)-(1,-1) E 96.7394 73x 38 0.28 023 022
(2.0-(1.0) A+ 96.7414 79+ 38 0.30 040 032
(2.0)-(1.0} E 96.7446 <105 <0.40 021 027
(2.1)-(1.1) E 96.7555 <105 <0.40 011 018
{3.0)-(2.0) E 1450937 88+ 37 0.34 053 085
(3.-1-{2,-1) E 1450975 143+ 52* 0.55 069 084
(3.00-(2,. 0 A 1451032 262+ 52* 1.00 100 100
(3.2)-(2.2) A- 1451244 <105 <0.40 008 032
(3.2)-(2.2) E 1451264 <105 <0.40 018 040
(3.-2)-2.-2 € 145.1264 015 038
(3.1)-{2.1) E 1451319 126 + 37 0.48 031 066
(3.2-(2.2) A+ 1451335 <105 <0.40 008 032

* Assuming a daughter density distribution with a parent scale length of 10 km
{the production rate would be 10 times smaller if H,CO were directly sublimed from
the nucleus).
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Observed intensities, intensities relative to the (3. 0)-(2.0} A line and the expected
relative intensities at thermal equilibrium are listed.
* Sum of two adjacent channels,
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FIG. 2 Transitions of CH;OH observed around 145GHz in
4 comet Austin (25 May 1990). The frequency scale is with
respect to the frame of the comet nucleus. The resolution is
1 MHz, corresponding to 2.1 km s~ 1. Tick marks indicate the
expected positions of methano! lines {see Table 2). As the
resolution is ciose to the expected line width, the methanol
lines may fall in either a single channel, or two adjacent
i channels. The non-detection of some of the lines is consistent
B with a low rotational temperature (see text and Tabie 2). The
telescope beam diameter is 16”. The spectrum is an average
— of observations made toward the nucleus and at positions
z offset by 12" north, east, south and west.
|

145.08 145.12
Rest frequency (GHz)

As one of the main photodissociation channels of methanol is”
CH,0H+hv - H,+H,CO,

this molecule may be one of the sources of cometary form-
aldehyde. Methano! has a strong infrared band at 3.3-3.5 um,
and the broad 3.4 um emission band observed in several
comets'**¥ may be due in part to methanol fluorescence. But
with an abundance of 0.01, CH;OH would account for only a
small part of the observed infrared band.

Methanol is known to be an abundant constituent of the
interstellar medium: its abundance relative to water in the solid
phase was recently'* evaluated as 0.07 in the protostellar source
W33A. Methanol cannot survive at high temperatures or in the
presence of an ultraviolet field. It has not so far been identified
in other solar-system bodies. Therefore, the identification of
abundant cometary methanol would provide strong evidence
that cometary nuclei retained some of the original matter of the
pre-solar nebula. Hydrogen sulphide is not usually an abundant
molecule in the interstellar gas, but we should note that it is
also present in the solid phase where its abundance is
unknown'®. Hydrogen sulphide only condenses at very low
temperatures (less than 57 K according to ref. 16). Therefore,
its presence in comets would constrain their formation
environment.

In addition to the ubiquitous OH radical, four molecular
species have now been unambiguously identified in cometary
atmospheres by radio spectroscopy. This technique proved to
be able to study relatively complex organics such as methanol,
or relatively minor species such as HCN or H,S. It may be
anticipated that radio astronomy could achieve an important
breakthrough in the near future in the chemical study of comets.
This was indeed verified very recently by observations of comet
Levy (1990c) which confirmed and extended the present study'’.
A more complete analysis of these results will be published
elsewhere. O
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THE recent syntheses'” of macroscopic quantities of Cq have
suggested possible applications in host—guest and organic
chemistry, tribology, electrochemistry and semiconductor tech-
nology. Here we report the preparation of alkali-metal-doped films
of C4y and C, which have electrical conductivities at room tem-
perature that are comparable to those attained by n-type doped
polyacetylene. The highest conductivities observed in the doped
films are: 4Scm™' (Cs/Cq), 100 (Rb/Cgp), 500 (K/Cgp)s 20
(Na/Cyg), 10 (Li/Cgy), 2 (K/C-4). The doping process is reversed
on exposure of the films to the atmosphere. At high doping levels,
the films become more resistive. We attribute the conductivity
induced in these films to the formation of energy bands from the
7 orbitals of C, or C,4, which become partially filled with carriers
on doping. The smaller alkali metal ions should be able to fit into
the interstices in the lattice without disrupting the network of
contacts between the carbon spheroids. In the case of Cg,, this
would allow the development of an isotropic band structure, and
we therefore propose that these materials may constitute the first
three-dimensional ‘organic’ conductors.

Previous highly conducting organic charge-transfer systems
have had low-dimensional (quasi-one-dimensional or -two-
dimensional) electronic structures. In extended systems, the
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