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PRODUCTION OF CYSTEIC ACID, TAURINZ, AMD CYSTAMINS UNDER PRIMITIVE
FARTH COMDITIONS

It is now well established that moat of the simple, blologically-
iorortant "ronomers" (such as amino acids, pentones, purines, and fatty
acids) are formed when various high energy sources are applied to s&mplep
of the primitive Larth's atmospherels@, ‘Ihis atroophere 18 acsumes to
consist mainly of CHy, 11,0, WHs, Ny and Iy (the last decrensing ropidly
with incressed age of the earth)‘3. Although the amino aeida are among .
the most prominent products of the irradiations of "primitive-farth
ataosoheres,” no report has yet appeared in the literature of the
appearance of the sulphur-containing amimo acids. This has presented
rno problem, since it can‘be safely assuméd that the primitive atmoaphere *
centained at least traces of HoS—<however, 1t is always good to {save o
lsboratory experimentation to back un assumptions.’ L i

Primitive-Earth atmoepheres, in the presence of added H,8, have
reen stud1éd by beyns, Walter and Meyerua These autbom passed a qurk‘
through the mixture and they found easentially no effect of the HoG on
tre syntheses of amno a‘cids (non-S containing). .'I‘hey tontatively _
identified ore S—-containin,j product, ammonium thiocyanate, However, a
ascarch for S-containing amino aclds (by the Stein and Moore methodd)
was unsuccessiul, although the authors did t'epore ‘the presence on thaeir
chromatograms of 8ix ninhydrin-positive, but .midénﬁified. product s.

These amino acids may have been aulphumohtainibg,‘but thetr yieldﬁ B

!

was tco zmall to permit identifications I .

It scered to us to be worthwhile to search for the "primitive-farth"

simthesis of S=contalning amino acids by’lus;ng H2358 as one of the '

‘. . .
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reactants, thus greatly increaring the detection sensitivity for an
araino acid product. In thias wey we heve been able to establish the
appearance of cysteic acid, no:,,r:cnzc}s(mnz)cozn, and the closelyw -
related compounds taurine, 04t ClLClipHy, and cystanine, (SCH,CHoNH,),e
Cysteine and cystine probably vere formed (there was evidence for them -

in cur early chromatograms), but they appeared to be oxidized to coystelc

acid durinz, subsequent chromatographys We found no evidence for methionine

nroduction. .

In each of“ the three experiments reported here s 20 Ml of 2 N NHyjOH,
200 zm of CE,, and 100 m of H2353 (containing 5 me) were placed 1n &
pyrex tube and irradfated, with an electron heam, in the manner pre- .
viously deacribedG. No air was present \during the irradiations. The
electron team was used for no reason other thar} Fhat it v.:as a eonvenient
source of jonizing radiation. The radiation dooe in each case was ahbout
109 rads. %his 1s & very high dose; however, our products, as they vere
fomed, woere removed from the électron beam (in the condensate Aripping
off a condenser-~gee ref, 6) and thué protected t‘mm radiation decompo=-
sition. The 107 reds were delivered during lls-qunu;te‘ éxpoéuma to the
electron mam.. | ' ’ ' ,

After the addition of chromatographic quantities of unlabeled cax'\-
riers (cystine, taizrim, etc,), the non-véiatile contents and washings |
from the irradiation chamber were transferred to a round-tottom flask
and evaporated to a small volume at room te@mtyum—.' Centrifugation
was then employed to remove some polymerde maéerial. (;nﬁpnrtj elementary
sulphur). An alfquot portion (usually 0,1) of the concentrated solution

was then placed on Whatman No. 1 chromatographie paiaer. . The solvent in
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the first direction was netutarcliacetic acidt vater (100122150, v/v/v) (" o
and, in the second, izopropsnclimethanclivater (7:1:2, v/ir/v). Positions ‘

eénd shapes of radioactive srote were determined by autorediography (Kodak

"Flue Sensitive” medical X-ray ilm). Radioactive spots with Rf Valuég T
similar to those of added carrd er compounds were cut out; eluted, and |

rechromatormraphed in the following nolvent\syatmnm‘ (1) sec. but!anoli oo '.'l;
formic acid (88-50%):water (15:3:2, v/v/v); (2) gec, b\itmolz tert, | . *,

vutanolsvater (43:48,4:8,6, v/v/v). On the second ghromatograms the
sitions and shapes of the radioactive spots were compared to those of
the coloured spots revealed by spraying the chromatogram with ninhydrin

solution, The ’amount of radioactivitv ina givon spot was determined t!

either (1) directly on the paper by means of.a G-M counter or (2) after ot
elution, bv liquid scintillatlon counting,, .This mdioactivity figure : ‘
could then be compared with the total amount of §58 }(as }?2358) that ¢
YRS oriﬁnall‘y present in the $rradiation f‘lask' In this way, t:h'e \ 2‘
- ylelds of products from the 1S could ve detnmined (due allomnce ‘ _
reing mode 'for the half fe of 38y, ~ ¢ . , P ,
The following 35S-labeled pmducts {yield from $i2358 given paren= . “:
thetically) were positively identified! d&vsteic aeid (0.01%), cystamine | T
(0.003%), and taurine (0.01%)s e expected to £ind, and therefore }‘i

intensively searched for, cvntéine,'cystine, and methionine; however,

if these amino acids are farmed, their yiolda must be well below 0, 001%-

As was mentioned, cy.»teim and cystine are probably formed but thon
disapopear by oxidation to cysteic acsid, Othex‘ compca.mds for which we
searched, but could f.‘:l'nd no evidence for synthaesis, wero homocysteine
and hm:oc:;s;ceic acid.. |

It 15 vleasing to record that at least one of the 8-containing
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a-zaino acids (cysteic acid) is formed under "primitive-Larth conditions,” i :

ile believe that others are also formed (for ecxample, the cystelo acid

is probably formed by attack of the *OE radical on qysteine). Probably,
omall changes in the conditions of the "orimitive-Carth" experiments ’ < t'
(e.7., longer times of 1r:rad;ation at lower dose rates, prosence of .
catalytic surfaces) will lead to the identifications of ell the . .
plologically irportant S~containing amdino acids, - '\5!143
Tnis vork was sponsored in part by the United States Atomic Energy . ‘
Cormission., It was done during the tenure (1964-65) of an International }
Atomic Energy Postdoétoral_!’ellowship (Av Si Us Co)=present addresst =~
Atordc Energy Establishment, Trombay, Bombay-8, India, - P R R
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