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Abstract. The effect of polyuridylate and of historic on the oligomerization of phenylalanyl adenylate 
was tested. Polyuridylate which pairs with adenine under suitable conditions showed no effect. Histone 
increased the rate of the polymerization whereas a neutral protein, albumin, had no effect. Simultaneous 
presence of nucleotides diminished the effect of histone. The implication of these results on the 
prebiotic polypeptide formation is discussed. 

1. Introduction 

Amino acyl adenylate spontaneously forms polypeptides in neutral and basic aqueous 
solutions (Paecht-Horowitz and Katchalsky, 1967). Selective acceleration of amino acyl 
adenylate condensation by lysine-rich proteinoid microparticles has been observed by 
Nakashima and Fox (1972). Adenosine (5 x 10-3 M) forms a complex with poly(U) 
(1.5 x 10 -2 M) in 0.02MMgC12 plus 0.1MNaC1 aqueous solution at 5 ~ (Huang and Tso, 

1966). Sulston et al. (1968a, b) reported nonenzymatic synthesis of oligoadenylate on 

poly(U) template. Activation of amino acids by nucleotides and the subsequent formation 
of polypeptides from the activated amino acids have been proposed as the first step in 
the evolution of the protein synthesis mechanism (Ishigami and Nagano, 1975; Ishigami 
et al., 1977). The effect of the addition of polynucleotides and proteins on the peptide 
formation is reported in the present paper. 

2. Materials and Methods 

2.1. MATERIALS 

[3H]-labeted-L-phenylalanine (Phe) was purchased from the Radiochemical Center 
Amersham. Sodium salt of polyuridylate (poly(U), average molecular weight of 2 x 106) 
and of polycytidylate (poly(C), average molecular weight of 7.9 x l0 s) were obtained 
from Yamasa Shoyu Co. Ltd. N,N'-Dicyclohexylcarbodiimide was purchased from Nakarai 
Chemicals Co. Ltd and used as a condensing agent for the preparation of phenylalanyl 

adenylate. Histone (Type II, from calf thymus) and albumin (bovine serum albumin, 
fraction V) were purchased from Sigma Chemical Co. 
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2.2. PREPARATION OF PHENYLALANYL ADENYLATE (Phe-pA) 

Phe-pA was prepared by the method of Berg (1958). About 40% of the added adenylate 

was recovered as the phenylalanyl derivative as calculated from the absorption at 260 nm. 

After a purification throtigh a Dowex 1 column (1.2 c m x  10 cm, H + form), Phe-pA 

fraction~was divided into 100/21 portions and kept at -80  ~ At this temperature Phe-pA 

in an acid aqueous solution (pH 2.5) did not significantly decompose for several weeks. 

2.3. RECORDING OF THE REACTION RATE BY AUTOMATIC TITRATION SYSTEM 

Phe-pA in aqueous solution produces a variety of phenylalanine oligomers (containing n 

residues: Phe n (n I> 1)). In this reaction, one Phe-pA molecule gives two protons;therefore, 
we monitored the overall reaction by titrating protons with 0.1N sodium hydroxide 

solution, using an automatic titrator Model TTT2, autoburette Model ABU12 (Radiometer 

Co. Ltd, Copenhagen). In preliminary experiments, it was found that dissolved carbon 

dioxide did not interfere with the measurement under our experimental conditions. 

Reaction vessel is shown in Figure 1. A magnetic stirrer helps the sodium hydroxide solution 

to diffuse rapidly after it was injected into the reaction vessel: otherwise, Phe n adhered 

on the outlet of the alkaline solution. In order to minimize uncertainty in the interpretation 

of results, each set of measurements was performed with the same pH electrode under the 

same conditions. A complex electrode, 5 mm $, Model 39030, Beckman Co. Ltd was used 
for the experiments with histone and with albumin (Figure 3). A similar electrode, 8 mm $, 

Model 6028-10T, Horiba Co. Ltd was used for other experiments. In the latter case, 
the electrode was vibrated to stir the solution to avoid the effect of the viscosity difference 

among different sets of  experiments. 

~H electrode 

water l 5oc , ~ 1,1 
NaOH 

, s o I n .  

Fig. 1. Schema[it representation of the reaction vessel with a pH electrode and a hole at the bottom 
to supply NaOH solution from automatic titrating device. Reaction mixture (0.6 ml ~ 1.2 ml) was 
stirred by a small magnetic bar at the orifice of the hole and kept at 5 ~ by circulation of cold water. 

2.4. ANALYSIS OF PRODUCTS BY PAPER CHROMATOGRAPHY 

[3 H]-Phen produced were analyzed quantitatively by paper chromatography. The chro- 
matography was carried out for 6 hr at room temperature (23 ~ 26 ~ on Toyo 51A 
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Fig. 2. A typical paper chromatogram of the reaction products developed with ninhydrin spray. 
The paper strip was cut into the seven segments as shown and the radioactivity was measured by 

a scintillation counter. 

paper (0.16 mm thick) by an ascending technique with a solvent system of butanol- 

acetic acid-water (12:3:5). After drying the paper, nucleotides and polynucleotides were 

identified under a UV lamp. Ninhydrin, dissolved in ethanol, was sprayed on the paper to 

detect Phe and its derivatives. Their chromatographic mobilities are shown in Figure 2. 

Reaction products were identified by comparing their chromatographic mobilities with 

those of authentic preparations (Phe-pA, pA, P h e l - s .  The amount of Phe represents 
the sum of Phe-pA and Phe, since most Phe-pA hydrolyzes to Pile + pA before the 
analysis. A broad band (Rf = 0.27) on the section 4 (Figure 2) was not identified; its 

position and the time course of its appearance in the reaction mixture (Figure 4) suggests 

that it is longer polyphenylalanines. Each section (1 to 7) on the paper was cut out as 
shown in Figure 2 and oxidized by a sample oxidizer, Packard Model 306 tri-carb, and 
radioactivity of [3H]-Phen was measured by a liquid scintillation system, Beckman 

LS-233. Occasionally, the separation between Phez and Phe3 was not sufficient and the 

sum was measured. 

2.5. REACTION CONDITIONS AND OTHER PROCEDURES 

The following concentrations c~f the reaction mixture used in our experiment was similar 
to the one described by Sulston etal. (1968a, b): Phe-pA, 23 mM; MgC12, 75 raM; NaClz, 
200 raM; poly(U) or poly(C), 45 mM (equivalent of residues); uridine 5'-phosphate (pU) 

45 mM; histone or albumin, 3.46 rag/600 pl. Total volume of the reaction system was 
600/A and the reaction was carried out at 5 ~ The concentration of poly(U) and poly(C) 
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adopted here was twice as large as that of Phe-pA, since poly(U) and polyadenylate 
(poly(A)) form a triple-strand complex (1 poly(A); 2 poly(U)) at this high ionic con- 

centration (Massoulie etal., 1964; Stevens, 1964). The pH of the reaction mixture 

(initially 2 ~ 3) was first adjusted to about 6 by an addition of 1N NaOH (10 ~ 20 ~tl) 

and then to 7.0 by a quick addition of 0.1N NaOH from the titrator. The observation of 

the reaction rate started at this point by the measurement of subsequent delivery of NaOH 

solution to keep it at pH 7.0. A small portion (10/A) of the sample solution was taken 
every 2 min and acidified by an addition of 2/21 of acetic acid and kept at -20  ~ until 

the analysis for the amount of Phe and its oligomers. Phe-pA was hydrolyzed to Phe + pA 

by the addition of acetic acid. 

3. Results and Discussion 

3.1. EFFECT OF poly(U) 

The effect of poly(U) on the polypeptide formation from Phe-pA was tested. Four sets 

of experiments were carried out: ( I )  reaction without nucleotides or polynucteotides; 

(2) with poly(U); (3) with poly(C); (4) with uridine 5'-phosphate (pU). 
The addition of Phe-pA immediately turned the mixture containing poly(U) from 

transparent to milky white. This suggested the formation of a complex between Phe-pA 
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Fig. 3. Effect of histone and albumin on the polymerization reaction of Phe-pA. Time course of 
the reaction is represented by the amount of the proton release. Released proton was measured by 
automatic titration of 0.1N NaOH. Total volume of the reaction mixture was 600 gl and the system 
was kept at 5 ~ and pH 7.0. o: without added proteins; o: with histone (3.46 mg/600 #1); e: with 

albumin (3.46 mg/600 ~1). 
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Fig. 4. 
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Figure 2 

* P h e - p A  was  h y d r o l y z e d  to  Phe + p A  in acid so lut ion  before  analysis.  
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and poly(U); however, no increase in the formation of polypeptides was observed. About 

20% of Phe-pA used as the starting material was hydrolyzed to Phe and pA. Neither the 

addition to poly(C) no r pU had any effect on the polymerization. 

3.2. EFFECT OF HISTONE 

In order to study the effect of basic proteins, histone was added to the reaction mixture. 

The proton release (Figure 3) and the change in the amount of phenylalanine derivatives 

(Figure 4) show that the total reaction rate and the formation of Phe2 + Ph% were 

accelerated in the presence of histone. The acceleration was about three-fold at the initial 

phase of the reaction. On the other hand, no effect was observed when a neutral protein, 

bovine serum albumin, was added (Figure 3). Lewinsohn et  al. (1967) reported that the 

polymerization and the hydrolysis of  Phe-pA proceeded rapidly under basic conditions. 

Histone might offer local basic surroundings to the reacting Phe-pA molecules. The 

addition of poly(U), poly(C), or pU reduced the effect of histone (Figure 5). It is known 

that poly(A) and histone form coacervate droplets (Oparin et  al., 1964; Evreinova, 1966). 
Basic proteinoids also have been reported to form microparticles with synthesized homo- 

polynucleotides (Waehneld and Fox, 1968; Yuki and Fox, 1969). In the present experiment, 

amorphous droplets about 0.03 mm in diameter appeared in the reaction mixture only 

when histone was added. From these:previous works and from the results reported here, 

I i'001 
o 

X 

[3 

5O 

20 40 60 

t i m e  ( m i n .  ) 

Fig. 5, Effect of histone and (poly)nucleotides on the polymerization reaction of Phe-pA. Experi- 
mental conditions and the representation of the reaction are the same as those in Figure 3. D: without 
addition; o: with histone (3.46 mg/600 ul). e: with histone and poly(U) (45 mM equivalent of residues) 

A: with histone and poly(C) (45 mM); A: with histone and pU (45 mM). 
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it might be said that protoceUs which contained basic polypeptides could have grown 

faster than the others. 
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