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A Re-examination of the Zeolite-promoted, Clay-mediated Péptide Synthesis

The abiogenic synthesis of amino acids, nuc]éic acid bases, sugars,
and nuc]eotldes has been well documented in recent years. 1-5 However,
attempts to produce long cha1n_po]ypept1des and po]ynuc]eot1ﬁes under
simu]éted aqueous prebiotic.conditions have generally been unsuccessful.
Inspired by thé suggestion of Bernal thét‘aqdéoUs prebiotic synthesis
might be facilitated by absorptiqn of reactants on 'c]ays,6 Katcha]sky and

co-workers demonstfated that amino-acyT adenyTates;condense in the pfesence

of the clay crystallite, montmorillonite, to yield polypeptides exhibiting

7

a discontinuous range of molecular weights.” Although amino-acid adenylates

undergo polymerization in basic aqueous media in the absence of montmoril-

1onite,7']° the clay-mediated polycondehsation results in a substantiaT]y’

1arger yield and an increase in po]ymer lengths. 7

A recent mod1f1cat1on of this procedure by Paecht Horow1tz and

1

Katchalsky ut111zes a synthet1c ion-exchange zeo]1te, Decalso F, as the

J"CataTyst“ for_the formation of amino-acyl adenylate from ATP and -amino

acidﬁ. From their studies on a,simp1e aqueous mixture of Decalso F, mont-
mbriYIOnite, ATP, ahd a1éniné (pH 7.0, 37°C), the Israeli workers reported
the disappearance of free alanine over a period of.m»70 h, with the con-
tomitaht formation of po}yheriC-alanine. The polymer broducts were
reported to bé similar to those obtaihed, using pré~formed adenylate, from

the montmorillonite-aided po]ymerization. Howevyer, as:is reported'below,.

- we haye been unab]e to substant1ate the Paecht- Horow1tz and Katchalsky

report concern1ng the synthesis of either amino-~acyl adeny]ates or pept1des

‘utilizing a zeolite catalyst.
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Po]ymerization'tria1s were conducted according to the prescription

N

given recently, Briefly, the reaction mikture_typjea]]y contained

'4 M DL-alanine (1nc1ud1ng 10 uCi DL~ a]an1ne-2-]4C' éutoradiography

-2

of th1s 1abe1ed compound revea]ed no detectab]e radlo 1mpur1ty), 5x 107 M |

- ATP, 500 mg/z montmor1l]on1te, and 100 9/2 Deca]so ‘The polymerization
- mixture was perm1tted to. 1ncubate for 70-100 h at 37°C and the pH was

ma1nta1ned at 7. 2 by a pH stat (Rad1ometer Co., Copenhagen) When alanyl

]4C) was ut1112ed as the pre-

A

adeny]ate (1abe1ed with 10 pCi a]an1ne 2-
cursor for po]ymer1zat1on, the procedure of Paecht Horowi tz zeta
adopted.  Synthesis of DL-a]any1-2-14C adenylate fo]]owed the method of
Meister and Scott 12 |
' After completion of the'po1ycondensation'tria], the c1ay‘5useension
© was subjected to a 2 h centrifugation (25,000 x‘g)i the clay pe]]et was
égaih'washed and centrifuged, followed by ultrafiltration of the super-
natant:tﬁrough'a XM-50 filter (Amicon). Less tﬁan 0.1%10f the a]anine- ~
~containing material (rad1oact1v1ty) was trapped by the filter. This pro-
cedure effectively removed small clay or zeolite part1c1es The resulting
supernatant was lyophilized and resuspended 1ntq-a m1n1ma1 amount of dis-
tilled water-(2-4'm1) and,stored‘at -15°C until subsequeht?ana1ysis for
polymeric alanine. | | |

The‘supernaténfs from the reaction mixtures were'essayed for alanine

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

analyzer. ’Generally, a sample of each reaction mixture Was hydro]yzed
and analyzed for free alanine (taken as the 1n1t1a1 concentratlon) Sub-
sequently, the supernatant from the polymerization trial was analyzed for

alanine and the value obtained compared with the initial concentration.
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the method of Pdsner and Quirk.

. . ‘—3-‘ .
Additionally, low po]ymars of a]anine'(gﬁapprox,-Z-S) could ba detected
by the amino acid analyzer and e]uted after the mohpmer. To detect polymers
of a]anine‘Which were not detected by the amino.acfd analyzar, the super-

natant was assayed for radioactiVity by 1iquid scintillation counting.

_This’procedhre provided an independent check on the}amino acid analysis.

Additional charactérizatiqn of the po1ymerizatjon samples was obtained
by‘thin-1ayer chromatography on Machere&-Nage], Po}ygram CEL 30O uv cei]u]ose—
éoated p]aStic strips. Buffer systems employed wéré either'phenol-watef
(5:1 w/w) or n—butano]-atetic‘acid-water (5:2:3 by vo]) The chromato- :
grams were sprayed with n1nhydr1n solution and were add1t1ona11y analyzed
for radloact1ve components by X-ray film autorad1ography

A]iquots (1 ml) of samples containing po]ymer1c alanine were layered

on a Sephadex G-15 column (2.5 x 90) and e]uted_w1th 0.05 M HC1. The

_eluted ffactions (5 m1) were monitored for alanine-containing components

eithér'by Tiquid scinti]]ation Counting or by u1trav101et'absorption at

'DL-Alanine (A grade) and adénosiné-s'-triphosphate, disodium salt

(A grade) were products of Calbiochem. DL-A]ahine-2-14C was obtained

':from Mallinckrodt, Labeled Compounds Division. Deca]so'(Permutit Company)

was repetit1ve]y ground and s1eved through a sieve of ]00 M. (We have

been unable to flnd any supp]1er of the Deca]so "F" that was used by the

Israeli group. ) F1na1 partlc]e diameters were on the average less than

zo-p. Montmor111on1te #25 (John C. Lane Tract, Upton, Wyom1ng) was pro-
cured from warda'Natura1 Science Establishment and'prepared-according to
13 In addition, we differentially centri-

fuged the mdhtmdri11onfte'and!6ur polymerization was conducted with samples

having average platelet diameters < 2000 R.
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Although the report by Paecht—Horowftz and Kdtcha]sky indicétéd'sige'”
nificant alanine po]ymeriiétion, we ha?e been uﬁab]e'after nine trials
vtd dembnstrate'any detectable polymerization uti]iiiﬁgrDéca]so as the
témp1§te’fpr adenylate synthesis. Ané]ytica] determinationé for free'
a1ah1n9, béfofe and after a polymerization trial, Sﬁppbrtingithis asser-
tion ére'bpésented jn‘Table 1. We estimate that our anaiyticaiﬂprecision
for these determinations was within 5%, and that”]%:dffthe-alaning con-
verted into ToW mb]ecu]ar Weight polymer should have beéﬁ obsefvab]e.v'
‘ Furthermore, TLC'éna1ysTs'of thé SUpefnatant‘revea]ed?ohiy aTahine and'
AMP;'ho_po]yﬁeric §pecies was observed. Incréasing_the:concentration
of Decalso or montmorillonite two or threefold did not lead to detectable : ié
vvalaniné polymerization. Likewise, 1engthening‘the incubatidn time for
fhe réaction'mixture also hadvno effect on the fina]_free alanine content;
vneither_did substituting sodium tripolyphosphate for-fhé_ATP.
~ Assuming that the polymeriiation might be thwartéd because the inter-
»mediate adEny1éfe.was not formed, we attempted tO‘monitdrladeny1ate for- |
mation utilizing the hydroxamic acid-Fe613'colorvteSt;]4. No evidence for '
a]anyi*adgnyiate was observed, thus indicating‘that.oﬁr Decalso did not
promote adenylate formation. |  “ | |
.To confirm our.hypbtheéis_that'the 1neffectivené$s of Decalso in
promotihg adenylate pkoduction.was tﬁe’cause'for fai]uré in_bur poly-
meriz&tion.experiments, we repeated the polymerization iria]s using.
>a]anine—2914c adeny]ate-énd the heterogeneous catalyst, montmbri]lonité. : y
Approximater 30% of the initia] alanine (as determingdiby liquid stinti]-
lation counting and amino acid ana]ysis)lwas conyerted into polymer fn the
.presehﬁe.of mdnthori]]onite. Thinflayer‘chomatogramglyielded'a charac-

teristic streaking typicaT for polymers with n>2. In the absence of the
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cata1yst OnTy &’TO% polymer was obtéined The e]ut1on pattern from
Sephadex G-15 of the montmorillonite cata]yzed react1on products is 1llus-
trated 1n Fig. 1. These resu]ts support the assertion by Paecht- Horow1tz
g;__l_? that clay-mediated po]ymer1zat1on prov1des both a significant
increase in yield and degree of polymerization.

It ié'hard to Understand'the_ineffectiveness of Decalso as a template
for production'df the amino-acyl adehy]ate in the Tight oflthe ear]iér.
reports by Paecht-Horowitz and Katchalsky. Despife-our attempts to vary
| the*treétmént of the zeolite, in hopes of finding the key to activating
the‘égta]ytic'aﬁtivity, we have not been able to demdnstrate Decalso-
médiated adenylate synthesis. It may be that the De;also utiTized by the
| Israé]i'grdup differs chemica]]onr physically from fhat avai1éb16 for our
TnVestigations; This suggestion fs supported by a recent disclosure that
the Polymer group'in ISrae] has a]sb'expekience& difficulty with the Decé]so-
catalyzed product1on of amino-acyl adenylates, utilizing Decalso from a
different supplier than prev1ous (personal communication from Dr.
Paecht-Hofbwitz). Dr. Paecht-Horowitz suggests'that'the 1ower:cati0n-
exchange capacity of fhe recently vauired.ze01itéiisfrespon51b1é_for
the dim1n1shed effect1veness of this mater1a1 However,vour experiments
1ndicate that increa51ng Deca]so concentrat1on fivefold does not st1mu1ate
adenylate formation, Although the Deca]so-medlated procedure would be of
great utility for prebiotic research, the experiments presented here indi-
c;té that'further'investigatidn of the properties of thé synthetic'zeolite
~is warranted. | |
The Israeli grodp haye also méde the interesting.suggestion that
- their aminovacidrpolyﬁgrization might also be accompaniéd by polynucleo-

15

tide formation. Like them, we have unsuccessful1yvsearched for evidence’
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of po]ynucleotide formation concomitant with_the pb]ymérization of alanine
from alanyl adenyiate. Although po]ynuc]eotfde synthesfs”may occﬁr in -
this react1on, we made no efforts in our initial experlments to e11m1nate
nucleases from our g]assware or the react1on m1xture Exper1ments, con-
'ducted in a nuclease-free environment, are now 1n progress to ascerta1n
whether simul taneous po]ycondensatlon of amino ac1ds and nuc]eot1des is
feas1b1e in this system - ‘,

we are thankful to Ms. Joan Caroon for preparat1on of the pur1f1ed
montmori]]onite; This investigation was supported by the U. S. Atomic
Energy Commfssfon. - | |
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Table 1

Trial _.Ala-(initialj Ala (final) DecalsQ: Montmorillonite
G (M) - (o) (mg/a)
] o145 146 100 500
2 364 370 100 500
3 201 199 300 500
P 166 167 100 1000

Figdre Caption

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

mediated polymerization, utilizing pré-formed a]anyTﬂadenylate.
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