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Earlier studies have demonstrated that dicyandiamide (DCOA), tne
dimer of cyanamide, cah successfully promote the dehjdfation condensation
of (i) glucose and ortnophosphate to give g]ucose—6-phosphate,] adenosine
and.orthophosphate to.give adgnosine-S‘-monophosphate,] (iii) orthophos-
phate to give pyrophosphate,] and (iv) alanine to give alanylalanine and
a‘lany]alany]a]anine.2 These reactions'werefcarried out in dilute aqueous -
solution in the dark.* These experiments were designé& to deiaonstrate
one possiblie means by whiéh such compounds could have been formed on tne

]

prebiotic eartn, thus providing materials neeced for the origin of living
i
systems. Dicyandiamide itself could have been present on the primitive

- earth as was demonstrated witnh the ultraviolet irradiation of cyanide

so'lut’ion.3

Guanylurea was demonstrated as a concomitant proddcf-of dipeptide
synthesis using dicyandiamide in the fo]lowihg'experimént: A stock
agueous solution was -prepared containing HC1 (0.02 N), DCDA (0.02 M), and -
alanine.(0.02 M). A 56 i‘aliquot ofvthis so]ution was added to.SO A of an

aqueous solution containing 0.5 uc of ]4C-1abel1ed alanine. Also, 50:.A

of the stock solution was added to 50 A of an aqueous solution wiich con=-

tained 0.6 uc of ]4C-1abe]1ed dicyandiamide. The so]utions remained in

the dark at room tehpérature for 20 hrs. Each was directly applied to a

* It was also demonstrated that the combination of ultraviolet Tight
and dicyandiamide could promote the synthesis of dipeptides.] This

- observation has since been confirmed by other investigators.



' separate sneet of whatman No. 1 paper. Standard samples of guanylrea

and,alény]alanineAwere placed ih parallel to the test samples on the
appropriate sheets. The chromatogram containing labelled alanine vias run
with water-saturated phenol: conc. ilHzGd (200:1) as solvent wiherzas: tne
othér, containing labelled DCDA, was run with n-butanol:ethanol:water
(4:1:1) as solvent. The standard sample of dipeptide was located with
ninhydrin, the guanylurea was found with a nitroprusside spray, and the
labelled products were located by means of X-ray film. The results iﬁdi-
cated that 0.51% of the original alanine was converted to the dimer.'Afte}
subtracting the'amount of guanylurea formed by direct hydro]ysis of DCDA,

it was found that the amount of excess guanylurea formed was equal to the

‘numper of peptide bonds formed.

In an attempt to find compounds which might act as more effective

+ denydrating agents than dicyandiamide (NH,-C(=H)-iH-CH), the poséib]e use

of dicyanamide (NC-NH-CN) was'fnvestigated. Sodium dicyanamide (NaDCA) is
readily synthesized from disod%um cyanamide and cyanogen bromide.”> The
experimen; qescribed above using iabe]]ed a]ahjne was repeated usinglsﬁgnc
dium dicyanamide in place of dicyandiamide. A yield of 1.58% of the/dimer
was observed. A

To investigate tie application of dicyanamide (DCA) in the synthesis

of polypeptides, as well as the relative reactivity of amino acids and

peptides, the following experiment was performed: A 100 A aqueous solu-

tion was prepared containing 10 uc of glycine-2-14c (0.12 M), triglycine
(0.12 1), NaDCA (0.12 M) and HC1 (0.12 N). A similar sclution was prepared

containing no NaDCA. After remaining 21 nrs in the dark at room temperature,



aqueous solution was prepared containing 2 uc of ]4C-]abe1]ed glucose

20 A aliquots were removed from eacn solution and'were spottaed on strips
ot Nhatman‘No. 1 filter paper togetner witn standards of diglycine and “
tetraglycine. These sampTes wera tnen subjected to low voltage norizontal
electrophoresis following the method of Carnegie and Synge.5 X-réy film
located the labelled products and ninhyd}in identified tne carriers.
Radioactive bands coinciding with the standard diglycine and tetraglycine
were observed. The determination of the activity associated with each -
band indicated that the yield of tetraglycine was about 6.1% and tnat

of diglycine was about 2.3%, both based on initial glycine. #About 13.3%

of the ]abel]ed,g]ycine appeared in as yet unidentitied products.

The use of dicyanamide in phosphorylations was also examined. A 85 A

{

a

(0.08 M), H3PO, (0.08 M) and NaBCA (0.1 #). A similar solution was pre-
pared coétéining DCDA 1in place of NaDCA. Affer 40 nrs at room temperature
in the dark, each solution was applied to Whatman No. 1 baper and caroma-
tographed in parallel Wiéh a standard glucose-6-pnosphate sample using
95% ethano]:water:formic acid (70:29:1) as solvent. The standard was
1ocatea with 'benzidine spray. The results indicated that DCA is about
three times as effective in the'productjon of g]ucose-6;phqsphate as
is DCDA, with the yield using DCA being 1.9%.

The possible catdytic ro]evof mineral surféces during chemical evolu- K
tion has been sUggested.7 Akabori nas used kaolinite in the production of

3

glycine peptides from aminoacetonitrile.” Miller nas been able to syn-

thesize pyrophosphate using apatite and potassium cyanate.9 Since it is



=

.

known tnat the hydroxyl groups on the surface of kaoiin can be replaced by

H2P04'ions,]O

the possible ennancement of DCDA-mediated phcsphorylations by
kaolin was investigated. *\'

The production of pyrophospﬁate from ortnophosphate using DCDA, as
reported earlier,] was repeated. A 00 x solution was'prepared containing
3.6 uc of 32p-labelled phosphoric act¢ (0.1 1) and OCOA (0.1 H). & simi-
lar solution was prepared without the DCDA. After 40 hrs, both samples
were chromatograpied on whatman ilc. 1 paper usiny isopropanol:water:TCA:

NHqOH (75:25:5:0.25) as solvent. The products were located with X-ray film
. and eluted. Scintillation counting indicated a production of-0.2% pyro-
pnosphate. Tnis figure has‘been corroborated by another 1aboratory.]i Next a -

32

1 ml so]ution.waé prepared containing 10.8 uc of ““P-1abelled phosphoric

1

: h
acid (0.1 M) and DCDA (0.1 M). 4Another solution was prepared in tne same .

manner but bontained'no DCDA. Eacn so]utidn was added to 8 mg of kaolin
(the X-ray powder pattern of this kaolin compared'well with the periodi-
cities reported by drindley and Robinsonlz)jand botn were continually
stirred for 40 hrs. The kaolin was then removed by centrifugation, and

a 100 A aliquét of each solution was analyzed for pyrophosphate as des-
cribed above. Kaolin alone did not appear to picmote pyrophosphate syn-
thesis, but the combination of kaolin anﬁ DCDA gave a yie]d'of 1.8%.

colorimetric
This increase in pyrophosphate was also observed with the/method of Karl-
Kroupa.ls'

The use of the combination of kaolin and DCDA in the production of
adenosine triphbsphate (ATP) was next examined. A 1 ml solution contain-

ing ADP (0.01 M), H3POz (0.01 M) and DCDA (0.01 QD was preparad. A similar



solution containing no DCDA was also preparad. Cach solution was stirred

in the presence of 8 mg of kxaolin for 24 nrs. The kaolin was thnen removed
. : s i . N U
by centrifugation and tne solution was Tinally neutralized with Hald.

) X o . 14
Both samples were analyzed by the luciferase method of Strenler and Totter]*

, observed in
wunhere the total solution was added to 256 A of tne buffered enzyme soluticn and/
an Aminco spectrophotof]uorometer'at 550 mu. The yield of ATP with DCDA
and kaolin was of the order of 0.5% while in the dbsence of kaolin it was
less than 0.03%.: |

Kaolin and the clay mineral, montmorilionite, do not appear to ennance
the yfeld of dipeptide formed with the aid of DCDA.
\\ |
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