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THE STRUCTURE AND FUNCTION OF POLYPEPTIDES SYNTHESIZED IN A 
FLUCTUATING SYSTEM 
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We have r e c e n t l y  found a novel procedure t h a t  can syn thes ize  
po lypep t ides  more e f f i c i e n t l y  than heat ing at 80~ t ha t  is ,  rap id  
synthesis of polypeptides from amino acid amides by microwave heating. 
In th is  paper we describe the s t ruc ture  and funct ion of polypeptides 
synthesized in a f l uc tua t ing  system repeating a hydrat ion-dehydrat ion 
cycle by microwave heating. 

Glyc ine,  a lan ine ,  va l i ne  and a s p a r t i c  acid are more abundant ly  
formed in p r e b i o t i c  syntheses of amino acids and were found in the 
Murchison meteorite. Thus glycine, alanine, val ine and aspart ic  acid 
were probably formed in abundance at an ear ly stage of chemical evolu- 
t ion. Amino acid amides are formed from aldehyde, hydrogen cyanide 
and ammonia by the Strecker synthesis that  is a p r e b i o t i c a l l y  possible 
route  to the fo rmat ion  of amino acid. We used the four  amino acid 
amides as s ta r t ing  mater ials for  rapid synthesis of polypeptides by 
microwave heating. 

A r eac t i on  mix ture  ( I0  ml) con ta in ing  0. I M (each) g lyc inamide ,  
L-alaninamide, L-valinamide and L-aspart ic  acid amide adjusted to pH 
7.2 was placed in a beaker and heated in an e l e c t r o n i c  oven equipped 
with a turn table. The solut ion was completely evaporated to dryness 
by microwave heating for  2 min, and then the same react ion mixture (I0 
ml) was added to the resu l t ing  powder, adjusted to pH 7.2, and heated 
to complete dryness for  2 min. This series of operations was repeated 
I0 times. The resu l t ing  powder was dissolved wi th 20 ml of d i s t i l l e d  
water  and app l ied  to u l t r a f i l t r a t i o n  on an Amicon YM-2 membrane 
f i l t e r .  Lyophi l izat ion of a f rac t ion  remaining on the membrane f i l t e r  
gave 400 mg of a pale brown powder in a 10% yield.  The y ie ld  was lO0- 
f o l d  h igher  than t ha t  produced by heat ing at 80~ 

Elemental analysis of the resu l t ing  polypeptides showed a percen- 
tage compos i t ion  of C, 48.49; H, 5.26; N, 17.95. The compos i t ion  was 
s i m i l a r  to t ha t  of po lypep t ides  conta in ing  glycine, alanine, val ine 
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and aspartic acid residues. The IR spectrum of the resulting polypep- 
tides showed strong absorptions at 3350, 3070, 2975, 2930, 2880, 1660, 
1535, 1400 and 600 cm-lo Two bands at 3350 and 3070 cm -I  could be 
attributed to NH stretching of peptides. Similarly, two frequencies 
at 1660 and 1535 cm - I  corresponded to the amide I and amide I I  
absorptions of peptide bonds, 

Gel f i l t r a t i on  on Bio-Gel P-4 of the resulting polypeptides gave 
two peaks which appeared at 2500 and 1500 daltons. The prof i le of the 
gel f i l t r a t i on  indicated that molecular weight of polypeptides was no 
more than 4000. These two peaks completely disappeared after hydroly- 
sis with 6 N HCI at llO~ for  72 h. Af ter  such an acid hydrolysis,  
the amino acid composition of the polypeptides was determined: 
glycine, 34.2; alanine, 20.6; val ine, 22.1; aspart ic acid, 23.1%. 
This result suggests that amino acids were incorporated into polypep- 
tides almost in proportion to the concentration of starting materials, 

IH NMR in D20 of the resu l t ing polypeptides showed r e l a t i v e l y  
broad signals at 0.98 (u 3 of val ine residues), 1,42 (B-CH 3 of 
alanine residues), 2.12 (B-CH of val ine residues), 2.90, 3.22 (B-CH 2 
of aspartic acid residues), ~03 (~-CH 2 of glycine residues), 4.15 (~- 
CH of valine residues), and 4.34 ppm (a-CH of aspartic acid residues). 
The amino acid composition of the resu l t ing  polypeptides was 
calculated from each peak area in the IH NMR spectrum: glycine, 31.1; 
alanine, 23,9; val ine, 18.7; aspart ic acid, 26.3%, The amino acid 
composition was very similar to that determined by acid hydrolysis of 
the polypeptides. The IH NMR in d6-DMSO showed signals at 7.05-7,25 
ppm and 8.18 ppm that  suggested the presence of primary amide bonds 
and peptide bonds, 13C NMR in D20 of the resu l t ing  polypeptides 
showed signals at 17.29-18.94 (5-CH 3 of alanine residues), 19.23-20,29 
(y-CH 3 of val ine residues), 30.43-31.35 (B-CH of val ine residues), 
35.46-35.64 (B-CH 2 of aspart ic acid residues), 41.52-43.11 (~-CH 2 of 
glycine residues), 49.66-50.77 (~-CH of alanine residues), 51.00-52.80 
(a-CH of aspart ic acid res idues) ,  59,20-60.52 (~-CH of va l i ne  
residues), 171.55-175.59 (carbon of amide bonds), and 176.31-178.72 
ppm (carboxyl group of aspartic acid residues). 

The physical data described above c lea r l y  indicates that  the 
resulting polymers are polypeptides with molecular weights of at least 
1000-4000 daltons consisting of glycine, alanine, valine and aspartic 
acid residues. 

To confirm the secondary structures of the resu l t ing poly- 
peptides, we measured CD spectra of the polypeptides. Polypeptides 
composed of glycine, alanine, val ine and aspart ic acid had par t l y  
de f i n i t e  secondary structures such as s-hel ices and B-sheets. The 
content of the secondary structures was greater in methanol than that 
in water. Polypeptides composed of g lyc ine-a lan ine- leuc ine-aspar t ic  
acid or g lyc ine-alanine-methionine-aspart ic  acid had no def ini te ~- 
helix and B-sheet structures. Valine was essential for the formation 
of the secondary structures.  In addi t ion,  Polypeptides composed of 
glycine, alanine, val ine, aspart ic acid and h is t ine  had par t l y  
de f i n i t e  secondary structures and they had catalyt ic act iv i t ies  for 
hydrolysis of R-nitrophenyl phosphate and R-nitrophenyl acetate. 
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