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Can DNA bases be produced during molecular cloud collapse?
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Abstract. Using a reasonably large chemical reaction networkith contaminations of pre-biotic molecules. If correct, this may

consisting ofl21 species, we show that along with normal chenresolve a long-standing problem of origin of lives on earth.

ical evolution of molecular cloud during collapse and star for-

mation, significant amount of adenine, a DNA base, may be _

produced after an evolution a6%~7 years. This findings may & Reaction network

shed light on whether life on earth had to begin from scrat¢fje take the UMIST database (Millar, Farquhar & Willacy 1997;

or these molecules could have contaminated the earth from fageafter referred to as MFW97) as our basis of chemical re-

beginning. actants and reactions, but added several new reactions such as
synthesis of amino acids (alanine and glycine), hydroxy-acids

Key words: ISM: molecules — ISM: clouds — stars: fOI’matiOI"(g|yco|iC and lactic acids)’ DNA base (adenine, see, Volken-

— molecular processes shtein 1983), urea synthesis etc. These new reactions make the

total number of species to H1. The rate co-efficients of these

additional reactions are difficult to find, especially in the en-

virons of a molecular cloud. To use UMIST database, the rate

constant for a two body reaction is written as (MFW97),

1. Introduction

Understanding origin of life on earth is a very challenging as- k = a(T/300) exp(—v/T) cm® s~ (1)
trophysical problem of today. Study of isotopic ratios on carbon
inclusions in ferric salt deposits in Greenland shows that lifghere, 8 andy are constants ariflis the temperature. Amino
existed on earth befores5 billion years (Mojzsis et al. 1996; acid synthesis rate was estimated from Fig. 8 of Schulte & Shock
Holland 1997; Schidlowski 1993) or possibly even befohil-  (1995). Urea synthesis rate is kept comparable to the rates given
lion years (Mukhin & Gerasimov 1993). On the other hand) UMIST table. The rate constants were taken tabe 10~17,
data from isotope systematics show that the earth is betwekrr 7 = 0 for each two-body reactions. The rate constants for
4.55 t0 4.57 billion years old (Faure 1986). The time availabl@denine synthesis was chosen to be similar to other two body
for life to develop on the earth from scratch is possibly arourigactions § = 107'° 3 = 4 = 0 for each HCN addition in
0.5— 0.6 billion years which is very short (Crick & Orgel 1973).the chainHCN — CH(NH)CN — NH;CH(CN)y —
One of the ways the formation of life on earth could be assistéd2(CN)C = C(CN)NH; — H5C5N5 (adenine)]. This
if the building blocks of life, namely, amino acids and at leaghould provide a sufficiently good estimate for the final abun-
some of the bases of DNA could be produced well before tHance of these pre-biotic molecules.
planetary formation, presumably during chemical evolution of Initial composition of the cloud before the simulation be-
molecular clouds. Whereas extensive work is present in the Bins is kept to be the same as in MFW97, and formation
erature to study evolution of some of the organic and inorgafit H2 is included using the grain-surface reaction with rates
molecules, no work is reported so far which study the formatid@$ in MFW97. The initialmass fractions are taken to be
of bio-molecules or pre-biotic molecules such as amino acidge same as in MFW97 (but converted to mass fractions),
sugars, DNA, RNA etc. i.e., H:He:C:N:O:Na:Mqg:Si:P:S:Cl:Fe 8.64:0.35897:5.6 x
Bases of DNA such as adeniné{E(CSNs) can be pro- 107%:1.9 x 1074:1.81 x 1073:2.96 x 1078: 4.63 x 1078:5.4 x
duced by successive addition BIC'N molecules in four steps 107°:5.79 x 107%:4.12 x 1077:9 x 107%:1.08 x 107*.
(Volkenshtein, 1983). In the presdstter we perform a hydro-
dynamic simulation and followed chemical evolution during th§
molecular cloud collapse and show that a significant amount of
adenine (with mass fractioN,genine ~ 1071%) could be pro- We use simple molecular cloud model with generic initial con-
duced. This indicates that planets and comets could have forndéibns: initial size of the molecular clouey, = 3 x 10'%cm,

Hydrodynamic consider ations
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Fig. 1. Log-log plot of temperature (dotted) and mass density (in units

of 10%°) as functions of the radial distance. Vertical dashed line is

drawn atlAU. 4. Results

log(Radial Distance [cm])

average temperature of the clolid= 10K, and angular veloc- Fig. _2a showg the Iog—l_og varlatl_on of mass fractlc_)ns Of some
the light and intermediate species of our simulation with radi

ity of the cloudsz = 10~'° rad 5. The sound speed become%istance (in cm). For clarity, we plot the curves alternatel
as = (kT/umg)'/? ~ 19200cm s~ and corresponding ini- ' Y, We p y

tial density (Shu, Adams & Lizano 1987) js— a2,/2rGr? — solid and dotted type. In Fig. 2b, we plot the variation of mor
1o~ s and,accretion ate R — 106 ;‘51_02089 o Her_e complex molecules. Since they start with zero abundances,

11 = 2.3 mean molecular weighty; is the mass of the hydro- plot them from radiu®.5 x 10*8cm for clarity. We put a long
gen a.tom and is the Boltzmann constant. In the isotherm qashed vertical line &AU, the distance of the earth with respec

phase of e loudcolapse. denss 1 (Chancrasedar - 18 S O e upber e, we have put e (1 secor
1939) and the velocity is constant. When opacity becomes hi chm 1017em 1016crgn andlgol5cm res ectively. Towards the
enough to trap radiations (say,rat ry,.), the cloud collapses ' ’ P Y-

adiabatically withp o 7—3/2. In presence of rotation, centrifu—endB(gJZSSZO!?I%?IVei'nti'tirg?vsssgt;{n%ﬂ'g'glr?('j O are depleted
gal barrier forms at- = r., where centrifugal force balances e P

gravity. Density falls off ag o ~'/2 in this region (Hartmann, much beforel00AU and HCN, N Hy, CHy O etc. rises as

1998). Following Shu, Adams & Lizano (1987), we compute tr} IZ?nﬂ:(neST:joete ;(;angt?e(rr?zaolll:?gsl:?:rg:r%sbgrmzlf:s;%rrrnﬁrﬂzt i
density, temperature and velocity distribution inside the clou ' ! p '

) ; . . depletion of lighter molecules are controlled, until the densi
and follow the chemical evolution at the same time. With densg ) ) :
L . : nd temperature also rises so high that depletion started o
chosen as above, the initial constant velocity of infall becomes . 12 Iy .

1 - ) “1/2 more. Inside3 x 10'< cm, the composition changes in a ver
8900cm s~ and belowr = r; velocity o< r o preserve the hort timescale Around ~ 10AU, the mass fractions of ade-
accretion rate in a disk like structure of constant height. Sin?\?ne urea and alvcine are alreéd sianificant rAL 1AU
for the parameters chosen (generic as they are} ., we ' gy y sl ! '

S Tl e .
choseT’ « 1/r inside the centrifugal barrier (< 7.) as in an f@deﬁ;gg _tr?isxcloorres. f:c]jcset;,hf >r<ni1§157ofotpg deear:itrr:elswiri?:ﬁn
adiabatic flow. We follow the collapse till a radius 6f*2cmis 9, P ' J

: . . could have contaminated the earth at the time of formation
reached. Fig. 1 shows the temperature and mass density (in uhit . : ; ;

0N Aoy i . could be higher since metallic content of earth is much abo
of 10°") distribution in a log-log scale. Our choice@fis small

by at least an order of magnitude from that of the observed vagj}éa average molecular value. Also, one has to include the eff

in some of the clouds. This was done to obtain atmosphere afiust-gas m_|xture in the mol_ecular cIouQ) This co_mputat|o
a distance of arountiAU from the proto-star to be as close todoes not consider the destructions of adenine at a higher tem
reducing /O > 1) ature region, and itis likely that much of these contaminants

destroyed during collapse and formation of proto-earth. Ho
ever, comets formed in the inner cloud could carry away the
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Fig. 2b Log-log plot of the mass fractions of a few complex molecules, ) .
(marked) as functions of the radial distance. Upper axis shows tifid 3 L0g-log plot of the mass fractions of some pre-biotic molecules

elapsed in seconds since collapse began. Vertical dashed line is drifarked) as functions of time during the evolution of a static cloud of
at 1AU. constant density and temperature fof years.

pre-biotic molecules and deposit them during future impacts ptex molecules, we believe that DNA bases produced in collaps-
planets. It is to be noted that arouhdU, the composition is ing cloud could have contaminated the earth, and at the same
close to reducing/O > 1) type (Fig. 2a) which is favourable time there should be many such planets in each galaxy where
for the formation of bio-molecules. DNA based lives should flourish. It is not yet clear whether or
Since regions of low density of molecular cloud could hauveot these molecules survived during further evolution of plan-
a very long evolution time scale, it may of interest whethetary disks leading to eventual formation of planets or actual
pre-biotic molecules could have formed in a very low densityontaminations were made much later by comets carrying away
isothermal region. To this effect, we choose a cloud of mageotecting these molecules. These vital issues will be addressed
densityp = 1.6 x 10~°g cm2 andT" = 10K and let it evolve in due course.
for 10° years. Fig. 3 shows the results of this simulation where
we plot the variation of abundance with time (in seconds). \isknowiedgements. Authors thank Tom Millar for sending UMIST
find that the abundance of adenine, for instance, is aréund database electronically and the referee for several helpful comments.

10-12. This is a very generic condition, and the abundanceslsc thanks the Council for Scientific and Industrial Research (CSIR)
o . o for financial support and SNBNCBS for technical support.
significant. We therefore believe that adenine could be produced PP PP

during the molecular cloud collapse.
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