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Can spores survive in interstellar space? 
Peter Weber & J. Mayo Greenberg 
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Inactivation of spores (Bacillus subtilis) has been investigated for the first time in the laboratory by vacuum ultraviolet 
radiation in simulated interstellar conditions. Remarkably, damage produced at the normal interstellar particle temperature 
of 10 K is less than at higher temperatures, the major damage being produced by radiation in the 2,000-3,000 A range. 
Our results place constraints on the panspermia hypothesis. 

THERE is good evidence that life existed on Earth as early as 
3,800 Myr ago1, which leaves only -200-400 Myr after the 
Earth's crust cooled2 for terrestrial chemical evolution to lead 
to primitive, yet fully developed, life forms. That this might be 
too short a timescale for such an evolution has led to speculation 
that either cosmochemistry3

•
4 or even panspermia5

•
6 i.s involved 

in the origin of life on Earth. 
We see no reason to reject the hypothesis that several hundred 

million years is adequate to produce the required prebiotic 
chemical precursors on Earth. No answer can be given to this 
question until the basic mechanisms of this transformation are 
understood. If the probability were quite small that life could 
start in 300 Myr, does extending this time by a factor of only 
50, which takes us to the probable beginning of the Universe 
(some 15,000 Myr ago7

), increase the probability sufficiently? 
Inverting this argument, we deduce that if life is certain to have 
evolved in 15,000 Myr, the probability cannot be negligible in 
300 Myr. 

We do not seek to address such questions here; they have 
been discussed elsewhere8

•
9

• If we accept the hypothesis that 
life began from primordial prebiotic molecules, whether formed 
first on the Earth2 or coming from outer space4

, does this belief 
exclude the possibility that life, once formed, can be transported 
from one source to another? 

We reconsider below some of the ideas of Arrhenius 10 by 
placing them in a modern astrophysical context. The four funda­
mental phases of J?anspermia are: (1) removal to space of bio­
logical material which has survived being lifted from the surface 
to high altitudes; (2) transport from one solar system to another; 
(3) survival of the biological material over timescales compar­
able with the interstellar passage time; (4) deposition of the 
biological material onto a new host planet's atmosphere and 
surface. We argue that phases (2) and (3) are amenable to 
quantitative treatment and defer consideration of phases (1) 
and (4), with phase (1) presenting more problems than phase (4). 

Arrhenius 10 suggested that solar radiation pressure could pro­
vide a mechanism for driving microorganisms into interstellar 
space with enough speed to reach another star in a 'reasonable' 
time which he considered to be 3,000 yr. He was not aware that 
microorganisms are killed almost as soon as they are exposed 
to the full solar ultraviolet (UV) on leaving the Earth's atmos­
phere. Furthermore, he ignored the reverse effect of the radiation 
pressure which acts to prevent a small particle from entering 
the environs of another star. 

Insofar interstellar transport is concerned, there is an obvious 
mechanism through the random motion of molecular clouds. 
The gaseous and particulate matter between the stars is unevenly 
distributed into concentrations or clouds, with densities up to 
104 hydrogen atoms cm-3 

(nH = 104 cm-3
) and higher. These 

clouds move about at random speeds of 10 km s-1 (ref. 11). 
Thus, should a bacterial spore be captured into such a cloud it 
will be swept along with the gas. Given the distance between 
neighbouring stars of -0.1-1 pc (0.3-3 light yr) 12

, this corre­
sponds to a passage time of 105 -106 yr. Thus, if one star in 1,000 
possesses a solar system, a survival time of 106-107 yr is required. 

The question we address is can a spore survive as long as 
1-10 Myr in a molecular cloud? 

A major destructive mechanism for spores in interstellar space 
is the photolysis caused by photons from starlight. The flux of 
UV photons with energy i'2>4 eV is such that each molecular bond 
in a 0.5-µm radius particle will have been subjected to such a 
photon every 1,000 yr in the less dense regions of the space 
between the stars. In the densest regions, this timescale may be 
increased to 106-107 yr. Because the small particles in space are 
normally at temperatures of 10-15 K (refs 13, 14) at first it seems 
difficult to imagine the maintenance of the chemical integrity 
required to preserve a living organism. 

The three basic factors in interstellar space which are hostile 
to microbes are: (1) vacuum. In interstellar space the densities 
are much lower than on Earth. Even so-called dense interstellar 
clouds with 106 hydrogen atoms cm-3 

(nH = 106 ci:n-3
) have a 

pressure of only 5x10-13 mbar, which would be considered a 
very good vacuum. (2) Energetic photons and cosmic rays. Even 
though the average point in space is very distant from the nearest 
star, the UV radiation is still a factor. Although individual 
cosmic-ray protons, X rays or 'Y rays may be more lethal than 
UV photons, their total energy input is generally orders of 
magnitude lower than that by the UV. (3) Temperature. Although 
the temperature of the gas in interstellar space is generally in 
the range 10-100 K, the mean temperature of a small particle, 
for example, a bacterial spore or a virus , is generally ~ 10 K. 
Thus, we have to consider what happens to a complex biological 
system in conditions of high-vacuum, low-temperature and 
vacuum UV irradiation. 

Experimental method 
We performed the work described here at a laboratory facility 
routinely used in the Leiden Astrophysics Laboratory to simulate 
interstellar conditions for the study of chemical evolution of 
interstellar grains by photoprocessing simple molecules 15

•
16

• 

There is both a similarity and an essential difference between 
interstellar grain evolution and interstellar effects on living 
organisms. In the former, we are interested in the formation of 
complex organic molecules from simple molecules, whereas in 
the latter, we are interested in the destruction and rearrangement 
of already existing complex molecules. In either case, the basic 
process starts with the breaking of a molecular bond or the 
ioniz'ation or excitation by a UV photon. The experiment is 
illustrated in Fig. 1. To relate our new data to earlier investiga­
tions, we selected organisms that have been studied previously 
in various conditions of" irradiation, temperature and vacuum, 
but never in conditions that simulate the interstellar medium. 

Bacillus subtilis spores are suitable for viability tests in simu­
lated space environments relevant to the Solar System17

. They 
are resistant to vacuum exposure; even in ultra-high vacuum 
(~10- 10 torr) -90% of spores maintain their colony-forming 
ability compared with dessicated spores. By means of high­
vacuum chambers it is possible, using simulated interstellar 
conditions, to study which cell components are affected either 
by vacuum or photolysis, or both. 
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Fig. 1 a, Apparatus used to irradiate spores. The cold finger on 
which the spores are deposited is maintained at either 10 K or 
room temperature. The quartz window is also used in conjunction 
with the H2 lamp. b, Cross-section of the spore; scale bar, 0.5 µ.m. 

We limited our experiments to two strains of the Bacillus 
subtilis spore, one which is relatively irradiation-resistant, wild­
type 168 (Nester, Marburg), and the other, TIU 6323 (provided 
by N. Munakata), which is sensitized to irradiation as a result 
of repair deficiencies. The spores used in our experiments are 
freed of all vegetative cells and other debris by enzymatic treat­
ment and density gradient sedimentation. 

Results 
In the first experiment, we investigated the variability of suscepti­
bility of spores of different genotype to UV (wavelength 2,537 A, 
from a low-pressure mercury lamp). This wavelength is termed 
RUY (reference UV). The parameters of our experiments are 
summarized in Tables 1 and 2. The inactivation kinetics for the 
sensitive and wild-type strains at room temperature and atmos­
pheric pressure are compared in Fig. 2a to show the strongly 
enhanced sensitivity of the repair-deficient strain TIU 6323 to 
RUY. Because of mutations in the excision-, recombination­
and sporephotoproduct repair, strain 6323 is -50 times more 
sensitive to RUY than wild-type strain 168 in aqueous sus­
pensions and ;;. JO times more sensitive when irradiated on a 
surface. 

The effect of low temperature (IO K) and high vacuum 
(<I o-6 torr) on the amount of lethal damage to spores is com­
pared with results at room temperature, whether at atmospheric 
pressure or high vacuum, in Fig. 2b, c. We find that strain 168 
irradiated at room temperature is at least four times more sensi­
tive in vacuum than at 1 bar. This is the same effect as found 
by Horneck17

• If, however, the sample is cooled to IO K before 
irradiation, spores are not inactivated with fluences which would 
have been lethal dose rates at room temperature. 

Although an increase in sensitivity is often observed with 
decreasing temperature to - -80 °C, decrease in sensitivity to 
RUY is observed below 130 K (ref. 18). Extrapolating the data 
of Ashwood-Smith et al. we predict that a dose rate of 2x104 J 
m-2 is sufficient to inactivate samples to F10, where F10 is defined 
as the fluence required to inactivate 90% of the spores. We 
confirm this trend to less sensitivity at extremely low temperature 
by noting that irradiating a sample of wild-type (WT 168) at 
10 Kand vacuum with a dose of 1x104 J m-2 of RUY allowed 
25% survival. 

An experiment performed with TIU 6323 (Fig. 2c) indicates 
that this RUY-susceptible spore is as strongly resistant as WT 
168. The amount of lethal lesions is significantly reduced at 10 K 
because TIU 6323 is unable to repair damages during germina­
tion and development to the vegetative cell. 

To simulate the UV flux in interstellar space, we use a micro-

Table 1 Comparison between laboratory and interstellar conditions 

Pressure 
Temperature 

Laboratory ISM 

8x10-8 mbar 3x10- 15 mbar 
;;olOK ;;olOK 

UV flux (E>6eV) 1015 quanta cm-2 s- 1 108 quanta cm-2 s- 1 

Fluence ratio: 
Far UV (2,000-3,000 A) 

Vacuum UV (1,000-2,000 A) 
5 1.1 

wave-powered Hi-discharge lamp. The emission of this source 
is peaked, in the vacuum UV (1,000 <A.;:; 1,900 A), at 1,215 A 
(Lyman a) and 1,600 A and has an increasing continuum in 
the far UV (2,000-3,000 A). 

The mean flux of the lamp's spectrum, in the vacuum UV, is 
of the order of l.5Xl015 quantacm-2 s-1

• The energy flux of 
the lamp above 2,000 A is roughly five times as high as in the 
vacuum UV portion. We thus have to use two different scales 
when demonstrating the vacuum UV irradiation and results with 
full spectrum irradiations (see Tables 1 and 2). Estimating a 
mean flux of vacuum UV photons in the average interstellar 
medium of 1 x 108 cm-2 s-1

, 1 h of irradiation by vacuum UV in 
the laboratory corresponds to -103 yr in space. The first question 
then is whether vacuum UV with photon energies >6 eV (A< 
2,000 A) has an effect on the survival of spores similar to that 
observed with RUY. 

The lamp is equipped with a shutter to study the effects at 
relatively short exposure times. Figure 2d shows an inactivation 
curve with samples of strain WT 168 irradiated at 10 K and 
vacuum. Almost no cells can survive ftuences ;;;.60 kJ m-2 using 
the full spectrum (vacuum UV+far UV) of the H2 lamp which 
corresponds in Fig. 2d to ;;;.10 kJ m-2 with the vacuum UV. 

To explain the inactivation profiles induced by vacuum UV 
irradiation alone, we checked for the biological effectiveness of 
this source at several wavelengths in the vacuum UV using 
interference filters of centre wavelengths 1,600, 1,400 and 
1,200 A (half-width of filters -200 A). 

The radiation transmitted through these three filters was 
measured by C02 dosimetry. Note that the hydrogen lamp 
spectral output, particularly at the very short wavelengths, is 
unstable so that the relative fluxes at 1,200 and 1,600 A may 
vary by as much as a factor of 2 from run to run, however, this 
does not affect our results significantly. We examined survival 
of our samples at doses between 1 and 120 kJ m-2

• There was 
no significant destruction of spores when irradiating with 
wavelenths A= 1,400 and 1,215 A, within our chosen dose rates, 
at both room temperature and IO K. On the other hand, we 
observed significant inactivation of spores when irradiating with 
A= 1,600 A light in room-temperature conditions. 

Irradiation with the total spectrum (vacuum UV+ far UV) 
shows that spores are killed very effectively but significantly less 
at IO K than at room temperature (Fig. 2e,f). Substitution of 
the MgF2 window (which is transparent down to 1,100 A) by a 
quartz window (which only transmits radiation longward of 
2,000 A) leads to the result that the remaining far UV spectrum 
of the lamp is as effective as the total spectrum at both tem­
perature extremes (Fig. 3). We find that irradiation with 
wavelengths A > 2,000 A accounts for essentially all the inactiva­
tion when comparison is made with the inactivation curve of 
the H2 lamp's full spectrum. 

Thus, we conclude that: (I) wavelengths .;:; 1,400 A do not 
affect the spores within our chosen dose rates; (2) 1,600-A light 
inactivates spores but it takes doses delivered at room tem­
perature, which are significantly higher than applying the lamp 
full spectrum; (3) the total flux of the lamp inactivates at doses 
;;;.60 kJ m-2 (vacuum UV> 10 kJ m-2

). It is evident that photons 
of energies (E) < 6 eV are the more effective ones in spore killing 
than those with E > 6 eV. 

One factor in the interstellar medium that may provide a 
mechanism for the protection of spores is that of absorption of 



©          Nature Publishing Group1985

f 

b 
-0168 

Vacuum 
10 K 
Hg 

/·-------------. . ~ 

r· \ W-'~ \ ' 
E • I 
f \ ·-· 
:t \ \.___ t~~~um 

' 0 294 K 
\ Hg 

10-J .. 

--------------- 6323 • 1 bar 
[ 294 K 
l Hg 

c 

·---· 6323 
Vacuum 
10 K 
Hg 

10-''-I -'---"~~~~~~~~~~ 
0 I 02 03 04 

d 

10-· 

0.1 0.2 0.3 0.4 

168 
294K 

0.1 0.2 0.3 0.4 

1 '~·-· 
I 

'.\ --------. 

10-': \_.\ ~.~3 
10 K 

10-'r 

t 

I 
r 
f 

10-3~ 
f 

\ 
·~. 6323 

294 K 

10- '~-'--~-'--.__,.~~~~~~~-· 

40 80 12 0 0.2 0.4 0.6 0.8 0.2 04 0.6 08 

Fig. 2 Semilogarithmic plots of inactivation curves for Bacillus subtilis spores. a, WT 168 and TIU 6323 spores irradiated at room temperature 
and 1 bar with a mercury low-pressure lamp. b, WT 168 spores irradiated with a mercury lamp. Irradiations in vacuum are performed at room 
temperature and 10 K. Air-dried spores are irradiated at 1 bar and room temperature. c, TIU 6323 spores irradiated in vacuum at room 
temperature and 10 K. For comparison air-dried spores are irradiated at 1 bar and room temperature. d, WT 168 spores irradiated with a H2 

lamp at 10 Kin vacuum with high doses. Full spectrum vacuum UV+ far UV. Abscissa scale is vacuum UV alone. e, WT 168 spores irradiated 
in vacuum at I 0 K and room temperature with a H2 lamp. Full spectrum vacuum UV+ far UV. Abscissa scale is vacuum UV alone. f, TIU 

6323 spores, irradiations as in e. 

UY light within mantles of molecules which may grow to a 
thickness of 1 µm within the mean lifetime of a molecular cloud. 

We therefore created an artificial mantle on spores to check 
whether this influences the survival in simulated interstellar 
conditions. We deposited a mixture of H20: CH4 : NH3 : CO 
( 1: 1: 1: 1) on top of the spores on a cold finger at 10 K and 
vacuum ( < 1x10-6 torr). The mantle thickness is measured by 
monitoring the interference pattern of light of a He/Ne-laser 
by means of a photomultiplier tube. Mantles of various thick­
nesses were deposited and the system irradiated with the H2 

lamp. 
We find that such mantles do indeed protect spores from 

vacuum UY irradiation but not from far UY. The reason for 
this is that these ices consist of simple molecules which absorb 
strongly in the vacuum UY but are essentially transparent in 
the far UY. Thus using the full H2-lamp spectrum on ~0.5-µm 
mantle-coated spores, at 10 K, we find, as expected, that the 
sensitivity of TKJ 6323 is not noticeably decreased whereas that 
of WT 168 is decreased by a factor of 10. This demonstrates 
again the fact that the vacuum UY damages are distinguishably 
different from those due to far UY. 

Note that the mantles which accrete in interstellar space have 
been themselves irradiated by the UY and consequently consist 

of complex rather than simple molecules. Such photo-processed 
mantle materials should absorb strongly at wavelengths 
<3,000 A and consequently provide effective shielding in the 
far as well as in the vacuum UY. 

Discussion 
It seems possible to distinguish between the types of damage 
occurring within and outside the core of a spore, as a function 
of wavelength. The outer layers of the spore protect the core by 
attenuating UY light (see ref. 19 for review). Within the core, 
damage may be divided into several types: ( 1) cyclobutane-type 
dimers; (2) 5-thyminyl-5,6-dihydrothymine spore photoproduct 
(TDHT); (3) DNA-protein crosslinks; (4) DNA strand breaks; 
(5) DNA adducts. Outside the core, damages are produced 
within proteins rather than in DNA. 

In general, there is an energy discrimination between the 
various types of damage such that, for example, TDHT forms 
as a result of low-energy photons ( <6 eY) whereas the DNA­
protein crosslink and strand break cross-sections are peaked at 
~lOeY (ref. 20). 

Because at extremely low temperatures and ultra-high vacuum 
we are dealing with very dry states of the system, irradiation 
mainly induces radicals leading to TDHT through a well-estab-
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Table 2 Stain exposure conditions 

D31 
F10 (sample) (linear Absorption 

T F 10* regression) cross-section 
p (K) UV (J m-2) F10 (reference) (J m- 2) u(m2 photon- 1) 

168 1 bar 294 Hg lamp 325 I (ref) 170 4.58x10- 21 

I68 vacuum 294 Hg lamp 75 0.23 39 2.0x10-20 

I68 vacuum IO Hg lamp » I ,,;;2x10-23 

168 vacuum 294 H2 lamp 200 0.6I5 105 l.I8 x Io-20 

168 vacuum IO H2 lamp 800 2.46 220 5.65x10- 21 

6323 1 bar 294 Hg lamp 35 0.1 12.7 6.I4 x Io-20 

6323 vacuum 294 Hg lamp 32 0.09 28.7 2.7I x 10- 20 

6323 vacuum 10 Hg lamp » I ,,;; I x 10-22 

6323 vacuum 294 H2 lamp 200 0.285 100 1.24 x 10-20 

6323 vacuum 10 H2 lamp 950 2.71 I80 6.9 x I0-21 

*These fluences for the H2 lamp are calculated using only the range 1,200-2,000 A. The fluences including the far UV are six times larger. 
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Fig. 3 WT I68 spores irradiated with a H2 lamp in vacuum at 
various wavelengths. The ftuences, in each case , are determined 

by the specified wavelength region of irradiation. 

lished mechanism21 . Note, therefore, that we are not inducing 
singlet or triplet structure. At 10 K we observed no discrimina­
tion between spores of strains Wf 168 and TKJ 6323 irradiated 
with RUY. This immediately suggests that the UV photolysis 
induced at low temperatures is repair independent or, in other 
words, that other photoproducts which are not amenable to any 
known cellular repair mechanism are produced. 

DNA-protein crosslinking is increased when spores are RUV­
irradiated in vacuum22. The enhancement for the formation of 
this photoproduct in vacuum is about a factor of 12 greater than 
irradiations at 1 bar and correlates with an increase in inacti­
vation23. 

The increase of non-DNA damage has been described by 
Smith and O'Leary24

. They point out that UV-induced photo­
products which are not amenable to photoreactivation and dark 
repair may be formed at considerably lower rates than other 
types of photochemical lesions but may, nevertheless, be more 
deleterious to cells25

• 

The chemical analysis of DNA photoproducts induced in 
spores by vacuum irradiation of solar UV (to be published 
elsewhere) indicates that TDHT is the major photoproduct of 
DNA formed at both 10 K and room temperature. Thus, in 
accordance with our survival data, TDHT does not contribute 
very much to inactivation of spores when irradiated at 10 K. 

This observation is consistent with a result of Ashwood-Smith 
et al.26 who found that the lack of supersensitivity of purified 
DNA to RUY irradiation at moderately low temperatures 
( - 79 °C) strongly suggests that the lesions responsible for the 
low-temperature supersensitivity are not primarily associated 
with changes in DNA. For phages, it has been shown with dose 

rates comparable to those in our experiment, that crosslinks 
between DNA and proteins are induced through long-lived 
radicals. In the dry spore, this mechanism might also be plausible 
and is probably suppressed at extremely low temperatures 
because of inhibited diffusion27

•
28. 

When using the H2 lamp we expect a shift in the target 
chromophore. This light source emits photons of much higher 
energies than the RUY source. Although these energies may 
split intramolecular bonds of DNA and peptides29

•
30, and the 

Lyman a of the lamp coincides with the maximum efficiency 
for DNA strand breaking20

, nevertheless, we observe that most 
of the effective damage arises from the far UV rather than the 
vacuum UV. 

Thus, at 10 K, we found, surprisingly, that the vacuum UV 
and R UV kill much fewer cells than the residual spectrum, which 
is that between 2,000 and 3,000 A exclusive of the 2,537-A Hg 
line. Further spectral studies are needed to determine the precise 
region of the susceptibilities at 10 K. 

Astrophysical implications 
According to our survival data, a dose of -6 kJ m-2 of vacuum 
and far UV inactivates spores to F10 at 10 K. Noting the fact 
that the H2 lamp emits five times as much energy in the far UV 
relative to the vacuum UV as compared with the interstellar 
medium (ISM) implies that F10 for the diffuse interstellar 
medium occurs in -150 yr. 

To inactivate spores to F0 .1 (99.9% inactivated) requires a 
dose of 120 kJ m-2 (20 kJ m-2 of vacuum UV in Fig. 2d), which 
co·rresponds to 2,500 yr of irradiation in the diffuse ISM where 
the UV radiation is not attenuated. Spores exposed to such a 
dose can be regarded as dead if we accept the theory that the 
levelling off of the inactivation curve is an artefact of our 
experimental method31. 

Two possibilities exist, which may lead to the prolongation 
of the mean lifetime of a bacillus in the ISM: (l) spores are 
deposited within dense clouds in which the UV radiation is 
attentuated by several orders of magnitude; (2) spores accrete 
mantles of condensable matter which reduces the penetration 
of UV to the outer layer of the spore by a factor as large as 10 
or more. 

Both the far and vacuum UV in the centre of a cloud of 
density nH = 104 cm-3 and radius of 1 pc are attenuated by a 
factor of 108-109 (ref. 32). Because there generally exist internal 
sources of UV in addition to the attenuated radiation, which 
comes from distant stars, it is more conservative to consider the 
mean UV radiation within a molecular cloud region to be 
reduced to not less than -10-4 times that of the diffuse ISM 
radiation. This minimum is internally produced by conversion 
of cosmic-ray energy and stellar-wind energy33·34. 

The growth of a mantle on a bacterium occurs within a cloud 
by accretion of molecules at a rate35 : 

da 
-=3.43xl0-22 n ems-' 
dt H 



©          Nature Publishing Group1985

_N_ATU~R_E_v_o_L_. _3_16_1~A_UG_u_s_T_1_9_85~~~~~~~~~~~~ARTICL£$.~~~~~~~~~~~~~~~~~~~~~__:_:_:407 

Thus, in 1.5x105 yr, one should accrete a mantle of -0.15 µ.m. 
This material is irradiated by UV during condensation, and, 
because of the production of new molecules and radicals, 
absorbs in the UV more than the originally simple molecules. 
The attentuation of 3,000-A radiation (and shorter) through 
such a layer is greater than a factor of 30 as measured in our 
laboratory. 

Combining the effects of accretion with cloud attenuation 
leads to a biological time (F10) of 4.5-45 Myr, which seems to 
be long enough for spores to be transported from one solar 
system to another. 

Conclusions 
We have presented experimental evidence for the effects of very 
low temperature and UV radiation, characteristic of the ISM, 
on the survival of bacteria. In the most general environment in 
space, 10% survival times are only of the order of hundreds of 
years, too short for panspermia to work. 

However, in a substantial fraction of space within dark clouds, 
we have shown that, even with conservative figures, survival 
times as long as millions to tens of millions of years are attain­
able. In such conditions, clouds could transport organisms from 
one solar system to another in times significantly shorter than 
the mean survival time. This occurs with significant probability. 
However, the problem of survival of bacteria during the ejection 
and the ultimate deposition on a non-hostile host planet still 
has not been addressed. 

Received 21 December 1984; accepted 22 May 1985 . 

1. Schidlowsk.y, U., Appel, P. W. V., Eichman, R. & Junge, C. E. Geochim. cosmochim. Acta 
43, 189-199 (1979). 

2. Brooks, J. & Shaw, G. Origin and Develop~ent of Living Systems, 354 (Academic, New 
York, 1973). 

3. Kven Volden, K. A., Lawless, J. G. & Ponnamperuma, C. Proc. natn. Acad. Sci. U.S.A. 68, 
486-490 (1971). 

4. Greenberg, J. M. Origins of Life 14, 25-36 (1984) . 
5. Hoyle, F. & Wickramasinghe, N. C. New Scient. 412-415 (13 Augusl 1981). 
6. Oparin, A. I. The Origins of Life (Dover. New York. 1953 ). 
7. Blome, H . J. & Priester, W. Naturwissenschaften 71. 456-467 (1984). 
8. Eigen, M. Naturwissenschaften 58, 465-523 ( 1971 ). 
9 . Eigen, M. & Schuster, F. The Hypercycle-a Principle of Natural Self-Organisation (Springer, 

New York, 1979). 
10. Arrhenius. S. in The Quest for Extraterrestrial Life (ed. Goldsmith, D.) 32-33 (University 

Science Boo~s. California, 1980) [transl. by Goldsmith, D. die Untschau 1, 481 (1903)]. 
11. Spitter, L. Jr Physical Processes in the Interstellar Medium, 227 (Wiley Jnterscience, New 

York, 1978). 
12. Allen, C. W. Astrophysical Quantities 3rd edn (Athlone, London, 1973). 
13. Greenberg, J. M. Astr. Astrophys. 12, 240 (1971). 
14. Greenberg, J. M. & Shah, G. A. Astr. Astrophys. 12, 250- 257 ( 1971). 
15. Greenberg. J. M. Scient. Am. 250 (1984). 

The only way a bacterium can survive above the Earth's 
atmosphere is if it is coated by a mantle of some material which 
attenuates the solar UV radiation by a factor of -109

. A thickness 
of 0.9 µ.m of material with an imaginary index of refraction of 
0.5 would be sufficient, but how a spore can come to be so 
coated and blown out to space remains completely unknown. 
A possible suggestion would be the ejection to the upper atmos­
phere accompanying some explosive event-perhaps a comet 
or meteorite collision. The ejection process may be non-destruc­
tive if the impacting object clears the atmosphere and leaves a 
channel for the escape of high-speed ejecta36

• However, one still 
requires that coincident with the meteorite/ comet collision there 
occurs the passage of the solar system through a dense molecular 
cloud which can capture the ejecta. The complementary question 
of deposition is answered affirmatively if, when the spore enters 
a new solar system, it already has a mantle of absorbing material 
of the required thickness. 

Although we have not completely answered the question of 
panspermia, we have provided some experimental results which 
lead to well-defined restrictions on the required processes. 

This work was supported in part by NASA grant NGR-33-018-
148. P.W. thanks the European Space Agency for a fellowship 
during the tenure of this research . We thank G. Mohn of Leiden 
University for allowing us to use some of his laboratory facilities, 
G. Horneck of the Deutsche Forschungsgemeinschaft fiir Luft­
und Raumtefahrt for helpful advice, and F. Baas for his invalu­
able advice and assistance. 

16. Hagen, W .• Allamandola, L. J. & Greenberg, J. M. Astrophys. Space Sci. 65, 215-240 (1 979). 
17 . Homeck, G . Adv. Space ReJ. I, 39-48 (1981 ). 
18. Ashwood-Smith, M. J., Copeland, J. & Wilcockson, J. Nature 217, 337 (1968) . 
19. Ito, T., Ito, A., Hieda, K. & Kabayashi. K. Radial. Res. 96, 532-548 (1983). 
20. Wirths, A. & Jung, A. Photochem. Photobiol. 15, 325-330 (1972). 
21. Giese, A. C. (ed.) Photophysio/ogy Vol. 7, 207 (Academic, New York, 1972). 
22. Bucker, H. & Homeck, G. Life Sci. Space Res. 12, 209, 209-213 (1974). 
23. Horneck. G. et al. Proc. 2nd European Symp. Life Sci. Res. Space (ESA Sp-212, 1984) . 
24. Smith, K. C. & O"Leary. M. E. Science 155, 1024 (1967). 
25. Simukova, N. A. & Budowsky, E. I. FEBS Lett. 38, 299-303 (1974). 
26. Ashwood-Smith. M. H. & Bridges, 8 . A. Proc. R. Soc. 168B, 194-202 (1967 ). 
27 . Fekete, A. & Ront6. G. Y. Stud. biophys. 80, 165-171 (1980). 
28. Mcintosh, D .• Moskovito, M. & Ozin, G. A. lnorg. Chem. 15, 1669 (1976). 
29. Dodonova, N . Y., Kiselcva, U. N ., Tsyganenko, N. M. & Remisova, L. A. Photochem. 

PhotobioL 35, 129-132 (1982). 
30. lwanami, S. & Oda. N. Radiat. Res. 90, 466-478 (1982). 
31. Casolari , A. J. theor. Biol. 88, 1-34 (1981 ). 
32. Chlewicki. G . & Greenberg, J. M. Mon. Not. R. astr. Soc. 211, 719-730 (1981 ). 
33. Prasad, S. S. & Tarafdar. S. P. Astrophys. J. 267, 603 (1983). 
34. Silk. J . & Norman, C. EAU Symp. 87, 165-172 (1980). 
35. Greenberg, J. M. in Cosmic Dust (ed. McDonnell , J. A. M.) 187-294 (Wiley lnterscience, 

New York. 1978). 
36. Melosh. H. J. Geology (in the press). 

A peculiar supernova in the 
spiral galaxy NGC4618 
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Optical spectra of a bright stellar object near the nucleus of the spiral galaxy NGC4618 reveal strong, very broad emission 
lines similar to those in quasars but having the wrong relative wavelengths. Although lines of hydrogen and helium are 
absent, the most prominent features can be attributed to neutral atoms of oxygen, sodium, and magnesium at the redshift 
of NGC4618. The object is almost certainly a supernova whose highly unusual spectrum may be indicative of a fundamentally 
new subclass. 

DURING an extensive spectroscopic survey of nearby galactic 
nuclei1

, we have discovered2 a bright starlike object in the 
peculiar SBbc(rs)II.2 spiral NGC4618 (brightness BT= 
11.20 mag, velocity v = 532 km s-1

, b11 =75?8)3
, also known as 

Arp 23 and W73. It appeared to be close to one end of a 
prominent bar (position angle, PA,., 64°) in the central region 

of the galaxy, and was assumed to be the nucleus. Its spectrum 
is unlike that of any astronomical object yet published. 

Observations 
Spectra of NGC4618 were obtained on 28.52 February 1985 UT 
with the double spectrograph4 at the Cassegrain focus of the 


