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A Re-examination of the Zeolite-promoted~ Cla.y-medi,ated Peptide Synthesis 

The abiogenic synthesis of amino acids, nucleic acid bases, sugars, 

and nucleotides has been well documented in recent years.l-S However, 

attempts to produce long chain polypeptides and polynucleotides under 

simulated aqueous prebiotic conditions have generally been unsuccessful. 

Inspired by the suggestion of Bernal that aqueous prebiotic synthesis 

might be facilitated by absorption of reactants on clays,6 Katchalsky and 

co~orkers demonstrated that amino-acyl adenylates condense in the presence 

of the clay crystallite, montmorillonite, to yield polypeptides exhibiting 

a discontinuous range of molecula.r weightsJ Although amino-acid adenylates 

undergo po lymeri zati on in basic aqueous media in the absence of montmoril­

lonite/-10 the clay-mediated polycondensation results in a substantially· 

larger yield and an increase in polymer lengths. 7 

A recent modification of this procedure by Paecht~Horowitz and 

Katchalsky11 utilizes a synthetic ion-exchange zeolite, Decalso F, as the 

"catalyst 11 for the fonnation of amino-acyl adenylate from ATP and amino 

acids. From their studies on a ~imple aqueous mixture of Decalso F, mont­

morillonite, ATP, and alanine (pH 7 .0, 37°C), the Israeli workers reported 

the disappearance of free alanine over a period of"" 70 h, with the con­

comitant formation of pol.ymeric alanine. The polymer products were 

reported to be si.milar to those obtained, using pre-formed adenylate, from 

the montmorillonite-aided polymerization. However, as is reported below, 

we have been unable to substantiate the Paecht-Horowitz and Katchalsky 

report concerning the synthesis of either amino-acyl adenylates or peptides 

utilizing a zeolite cat~lyst, 



-2-

Polymerization trials were conducted according to the prescripti.on 

given recent1y, 11 Bri.efly, the reaction mixture typically contained 

10-4 M DL-alanine (including 10 ~Ci DL-alanine-2-14c; autoradiography 

of this labeled compound ~evealed no detectable radio-impurity), 5 x 10-2 M 

ATP, 500 mg/i montmorillonite, and 100 g/i Decalso. The polymerization 

mixture was pe_rmitted to incubate for 70-100 hat 3]0C and the pH was 

maintained at 7.2 by a pH stat (Radiometer Co., Copenhagen}. When alanyl 

adenylate (labeled with 10 lJCi alanine-2J 4c) was utilized as the pre­

cursor for polymerization, the procedure of Paecht-Horowitz et al J was 

adopted.· Synthesis of DL-alanyl-2-14c adenylate followed the method of 

Meister and s·cott .12 

After c6mpletion of the polycondensation trial, the clay suspension 

was subjected to a 2 h centrifugation (25,000 x g); the clay pellet was 

again washed and centrifuged, followed by ultrafiltration of the super­

natant through a XM-50 filter (Amicon), Less than 0.1% of the alanine­

containing material (radioactivity) was trapped by the filter. This pro­

cedure effectively removeJ small clay or zeolite particles. The resulting 

supernatant was lyophilized and resuspended into a minimal amount of dis­

tilled water (2-4 ml) and stored at -l5°C until subsequent analysis for 

polymeric alanine. 

The supernatants from the reaction mixtures were assayed for alanine 

and low molecular weight polypeptides by means of a Beckman amino acid 

analyzer .. Generally, a sample of each. reaction mixture was hydrolyzed 

and analyzed for free alanine (taken as th.e in.tti.al concentration), Sub­

sequently, the supernatant from the polymerization trial was analyzed for 

alanine and the value obtained compared with the i.nitial concentration. 
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Additionally~ lo\'J polymers of alanine (n approx, 2.-5} could be detected 

by the amino acid analyzer and eluted after the monomer. To detect polymers 

of alanine which were not detected by the amino acid analyzer, the super­

natant was assayed for radioactivity by liquid scintillation counting. 

This procedure provided an independent check on the amino acid analysis. 

Additional characterization of the polymerization samples was obtained 

by thin-layer chromatography on Macherey-Nagel, Polygram GEL 300 UV cellulose­

coated plastic strips. Buffer systems employed were either phenol-water 
-

(5:1 W/W) or n-butanol-acetic acid-water (5:2:3 by vol}. The chromate-

grams were sprayed with ninhydrin solution and were additionally analyzed 

for radioactive components by X-ray film autoradiography. 

Alfquots (l ml) of samples containing polymeric alanine were layered 

on a Sephadex G-15 column (2.5 x 90) and eluted with 0.05 M HCl. The 

~luted fractions (5 ml) were monitored for alanine-containing components 

either by liquid scintillation counting or by ultraviolet absorption at 

216 nm. 

DL-Alanine (A grade} and adenosine-5 1 -triphosphate, disodium salt 

(A grade) were products of Calbiochem. DL-Alanine-2-14c was obtained 

from Mallinckrodt, Labeled Compounds Division. Decalso (Permutit Company) 

was repetitively ground and sieved through a sieve of 100 ~. (We have 

been unable to find any supplier of the Decalso 11 F" that was used by the 

lsraelt group.) Final particle diameters were on the average less than 

20 Jl· Montmorillonite #25 (John C .. Lane Tract, Upton, Wyoming) was pro­

cured from Wards Natural Science Establishment and prepared according to 

. the method of Posner and Quirk. 13 In addition, we di.fferentially centri­

fuged the montmorilloni·te and ·our polymerization was conducted with samples 

having average platelet diameters < 2000 ~-
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Although the report by Paecht-Horowitz and Katchalsky indicated sig­

nificant alanine polymerization, we have been unable after nine tria·ls 

to demonstrate any detectable polymerizati.on utilizing Decalso as the 

template for adenylate synthesis. Analytical determinations for free 

alanine, before and after a polymerization trial, supporting this asser­

tion are presented in Table 1. We estimate that our analytical precision 

for these determinations \'las within 5%, and that 1% of the alanine con­

verted into low molecular weight polymer should have been observable. 

Furthermore, TLC analysis of ·the supernatant revealed. only alanine and 

AMP; ho polymeric species was observed. Increasing the concentration 

of Decalso or montmorillonite two or threefold did not lead to detectable 

alanine polymerization. Likewise, lengthening the incubation time for 

the reaction mixture also had no effect on the final free alanine content; 

neither did substituting sodium tripolyphosphate for the ATP. 

Assuming that the polymerization might be thwarted because the inter­

mediate adenylate was not formed, we attempted to monitor adenylate for­

mation utilizing the hydrJxamic acid-FeCl 3 color tesL 14. No evidence for · 

alanyl ad~nylate was observed, thus indicating that our Decalso did not 

promote adenylate formation. 

To confirm our hypothesis that the ineffectiveness of Decalso in 

promoting adenylate production was the cause for failure in our poly­

merization experiments, we repeated the polymerization trials using 

alanine-2~14c adenylate and the heterogeneous catalyst~ montmorillonite. 

Approximately 30% of the initial alanine (as determined b,y liquid scintil­

lation counting and amino acid analysis} was converted into polymer in the 

presence of montmorillonite. Thin:-layer chromatograms yielded a charac-.. 
teristic streaking typical for polymers with n > 2. In the absence of the 
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catalyst only "-' 10% polymer was obtained. The elution pattern from 

Sephadex G .... ls of the montmorillonite catalyzed reaction products is tllus­

trated in Fig. 1. These results support the assertion by Paecht-Horowitz 

et al •7 that clay-mediated polymerization provides both a significant 

increase in yield and degree of polymerization. 

It is hard to understand the ineffectiveness of Decalso as a template 

for production of the amino-acyl adenylate in the light of the earlier 

reports by Paecht-Horowitz and Katcha 1 sky. Despite our attempts to vary 

the treatment of the zeolite, in hopes of finding the key to activating 

the' catalytic activity, we have not been able to demonstrate Decalso­

mediated adenylate synthesis. It may be that the Decal.so utilized by the 

Israeli group differs chemically or physically from that available for our 

tn~estigations. This suggestion is supported by a recent disclosure that 

the Polymer group in Israel has also experienced difficulty with the Decalso­

catalyzed production of amino-acyl adenylates, utilizing Decalso from a 

different supplier than previous (personal communication from Dr. 

Paecht-Horowitz). Dr. Paecht-Horowitz suggests that the lower cation­

exchange capacity of the recently acquired zeolite is responsible for 

the diminished effectiveness of this material. However, our experiments 

indicate that increasing Decalso concentration fivefold does not stimulate 

adenylate formation, Although the Decal so-mediated procedure would be of 

great utility for prebiotic research, the experiments_presented here indi­

cate that further investigation of the properties·of the synthetic zeolite 

is warranted. 

The Israeli group have also made the interesting suggestion that 

thetr amino acid polymerization might also be accompanied by polynucleo­

tide for.mation. 15 Like them, we have unsuccessfully searched for evidence 
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of polynucleotide formation concomitant with. the polymeri.zati,on of alanine 

from alanyl adenylate. Although. polynucleotide synth.esi.s may occur in 

thi,'s reaction, we made no efforts in our initial experiments to eliminate 

nucleases from our glassware or the reaction mixture. Experiments, con­

ducted in a nuclease-free environment, are now in progress to ascertain 

whether simultaneous polycondensation of amino acids and nucleotides is 

feasible in this system~ 

· We are thankful·· to Ms. Joan Caroon for preparation of the purified 

montmorillonite. This investigation was supported by the U. S. Atomic 

Energy Corrmission. 

Laboratory of Chemical Biodynamics 

Lawrence Berkeley Laboratory 

University of Ca 1 i forni a 

Berkeley, California 94720 

Received 

JOSEPH T. WARDEN 

JOHN J. McCULLOUGH* 

RICHARD M. LEMMON 

MELVIN CALVIN 

*Present address: Department of Chern is try, McMaster Uni.vers ity, 

Hamilton, Ontario, Canada, 

,. 

. ' 

.· 

\( I 

:I 

·I 
' 



-7;_ 

1 Calvin, M.~ Chemical.Evolution (Clarendon Press, Oxford, 1969). 
2 . 

Kenyon, D. H., and Steinman, G .. , Biochemical Predestinati.on (McGraw-

Hill, New York, 1969) .. 

3 Orgel, i.. E., T.he Origins of Life (Wiley, New York, 1973). 

4 Lerrmon, R. 11., Chern. Rev., 70, 95 (1970}. 

5 Ponnamperuma, c. , Quart. Rev. Bi ophys., 1_, 77 ( 1971). 

6 Bernal, J. D., The Physical Basis of Life (Routledge and Kegan Paul, 

London, 1951). 

7 Paecht-Horow1tz, M., Berger, J., and Katchalsky, A., Nature, 228, 636 

. (1970). 

8 Paecht-Horowitz, M., and Katchalsky, A., Biochim. Biophys. Acta, 140, 

14 (1967). 
9 Lewinsohn, R., Paecht-Horowitz, M., and Katchalsky, A., Biochim. 

Biophys. Acta, 140, 24 (1967). 

10 Banda, P. W., and Ponnamperuma, C., Space Life Sciences, l· 54 (1971). 

11 · Paecht-Horowitz, M., and Katchalsky, A., ~Malec. Evolution, £, 91 

(1973) • 

12 Meister, A., and Scott, S. J., Biochem. Preparations, §_, 11 (1961). 

~ 3 Posner, A .• M., and Quirk, J.P., Proc. ~Soc. A, 278, 35 (1964). 

14 Hes tri n, S. , h B i o 1 . Chern., 180, 249 ( 1949) . 

15 Paecht-Horowitz, M., Angew. Chern. (English Ed.}, J.1., 349 {_1973}. 



-8-

Table 1 

Trial Ala (initial) Ala (final) Decal so Montmori 11 onite 

(liM} (~). ' (g/t) (mg/.d 

1 145 146 100 500 

2 364 370 100 500 

3 201 199 300 500 

4 166· 167 100 1000 

figure Caption 

Fig. 1. Elution pattern from Sephadex G-15 of a montmorillonite 

mediated polymerization, utilizing pre-formed alanyl adenylate. 
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