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reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



. 
. " 

" ., ! 
I, 

The Question of the' Possible Asymmetric Polymerization of Aspartic 

Acid on Kaolinite. 

JOHN J. McCULLOUGH and RICHARD M. LEMMON 

Laboratory of Chemical Bi odynami cs, Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

Received: 

Sunmat~. We have been unable to confirm the recent report that 

kaolinite catalyzes the polymerization of aqueous D- and L-aspartic acid 

at different rates. In experiments where DL-asp was used, no induced 

optical rotation was found in the reaction solution. No evidence for 

polymer (or other product) formation was found when L-asp-2- l4C was 

used, and products were searched by paper chromatography and X-ray film 

autoradiography. Asp is adsorbed by kaolinite, but ro selectivity for 

one or the other enantiomer was observed. 

Key-Words: Aspartic Acid - Kaolinite - Optical Activity -

Polymerization - Adsorption. 

Introduction 

It has been reported that, in water solution and in the presence of 

certain minerals, amino acids will polymerize to·form polypeptides 

(Degens and Matheja, 1968, 1970; Degens, Matheja, and Jackson, 1970). 

Since there is no satisfactory explanation for the almost exclusive ap

pearance of L-amino acids (rather than the D-isomers) in natural proteins 

(Calvin, 1969; Harada, 1970; Elias, 1972; and Bernstein, Lemmon and Calvin, 
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1972). we were particularly interested in the recent report that the 

presence of kaolinite causes,L-aspartic acid (L-asp) to polymerize more 

rapidly than the D-enantiomer (Degens ~ _~ .• 1970). The results were 

obtained by heating L-, DL- and D-asp (0.01 M in water) separately with 

kaolinite, and the disappearance of asp was observed with an amino-acid 

analyzer. It I,;,as claimed that 7% of L-asp "polymerized" in three days 

at 90°C, but only 3% of the D-enantiomer had so reacted. In four weeks. 

25% of L- but only 5% of D-asp had disappeared. There is no known 

asymmetry of kaolinite structure (I3rindley. 1961; and Grilli. 1968) that 

could give the necessary diastereomeric interaction bebJeen the mineral 

surface and the asp enantiomers (Mislow, 1966). We therefore studied 

the interaction of asp with kaolinite under the above conditions. using 

opticql rotation measurements and l4C labeling to monitor optical in

duction and product formation respectively. The disappearance of the 

asp was also followed with an amino acid analyzer, and the rates for 0-

and L-asp were compared. 

Experil!!.ental_ 

Aspartic acids were from Calbiochem •. A grade, and were recrystallized 

from ethano l-water for someexperi ments . The results were independent of 

whether the asp-was recrystallized or not. Kaolinite was from Fisher 

Scientific Co., Lot no. 715655, and had an approximate average particle 

diameter of 2.5 ~, measured under the microscope. 

Attempted Observation of Optical Rotation in Reaction of DL-asp. A 

solution of DL-asp (50 ml, 0.01 M) and kaolinite (5.0 g) were stirred and 

heated at 90~. The system was sterilized initially by heating to 1000 

for 30 min, and protected from bacterial contamination by c6tton plugs 
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and biocide solutions. The reaction flask l'hlS fitted Ivith il condenser' 

and a septum. Through the latter, aliquots were removed with a syringe. 

A control experiment without kaolinite was also done. The pH of the 

clay mixtures was 3.6. Aliquots (6.0 ml) were withdrawn after reaction 

times of three days, one week, and four weeks. The clay was removed by 

centrifugation and/or filtration, and the clear solutions were examined 

immediately for optical rotation in a Cary Model 60 spectropolarimeter. 

The instrument was calibrated with 0.01 M solutions of DL-asp, to which 

accurately measured amounts (10- 5 ~ la- 3M) of D-asp were added. Thus, 

we determined that a 1% excess of D-asp in 0.01 MOL-asp can easily be 

observed. The rotatory dispersion was scanned from 300-190 nnl, and D-asp 
H20 

had [.J214 nm ~ 1240°, in fair agreemerit with a recently reported value' 

for L-asp (Jennings, Klyne;andScopes, 1965). No detectable rotation was 

found in any of the aliquots, and the dispersion curves of the starting 

solution (unheated), control solution, and sample from the kaolinite 

mixture were all identical. 

Search for Products in the Asp-kaolinite Reaction Using 14C_asp . - A 

solution of L-asp-2- 14C (20 ml, 0.01 M; specific activity 100 ~Ci/mnole) 

was stirred and heated at 90° with kaolinite as described in the previous 

experiment. Aliquots were withdrawn, cooled, and filtered, and 0.3 ml 

samples were spotted on Whatman No. 1 paper. The 'spots were developed 

with phenol :water:acetic acid (34:6.4:0.4 by vol.) (A) and with n-butanol: 

propionic acid:water (37:18:24.5 by vol.) (B) in separate, one-dimensional 

chromatograms. The paper was dried and examined by X~ray film autoradio

graphy. In both solvent systems, only asp was found on the chromatograms, 

as evidenced by the single spot at Rf = 0.25 in solvent (A), and at 0.30 

in (B). (No radioactivity was left at the chromatographic origins, and, 
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if the polymer were there, we could have detected a one percent yield.) 

These spots were identified by comparison of the Rf values with authentic 

L_asp_14C, and by spraying the paper \'Jith ninhydrin. The outlines of the. 

ninhydrin-developed spots were co-incident with the radioactivity blackened 

areas on the films. The Rf values were also in reasonable agreement with 

literature values for asp (Heyns and Anders, 1951; Kopple, 1966). 

Determination of Asp Concentration by Amino Acid Analysis. Solutions 

of 0- and L-asp were heated with kaolinite in separate experiments as 
i 

described above. The apparatus (containing the kaolinite) was assembled 

and sterilized in an autoclave at 115 0
, and the asp solutions were also 

sterilized in the same way. The mixtures (50011 of 0.01 M asp and 5 g 

kaolinite) were stirred and heated at 900
, and aliquots were withdrawn 

periodically. The reactions were terminated after 16 days, since this 

corresponds to about 3 half-lives for the racemization of asp at 90 0
, which 

we found to occur at similar rates with or without kaolinite present. This 

racemization is presumably related to the well-known reversible deamination 

of asp (Bada 'and Millet. 1970), and was also observed by Degens (Dr. E. T. 

Degens, personal communication). 

The aliquots were centrifuged, and diluted to give asp solutions in 

the range 1 lJm/ml. The asp in each was determined on a Beckman Model 120 

amino-acid analyzer; elution was with buffer at pH 3.28, and detection was 

by the ninhydrin color reaction. The color yield was calibrated with 

standard solutions of asp. The elution volume of asp was 57 011, and this 

was the only component detected in the reaction samples. 

Although these determinations·were carried out with great care, and 

several runs were performed, we had difficulty in obtaining consistent 

results. The results from one run are shown in the figure. 
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Apparently, the asp concentrati~n does fall by 10-15% of its initial 

value, remaining constant after 3 days~ Within the limits of reliability 

of the experiment, the behavior of the asp enantiomers are identical. 

Asp determination of aliquot~ after hydrolysis with 6 N Hel at 110 0 

show~d no significant increase in asp over the unhydrolyzed samples. 

This is consistent with the above tracer experiment, in showing that 

there is little or no peptide formation. 

Discussion and Conclusions 

The results of the three kinds of experiments form a consistent 

picture. The amino acid analysis shows that although 10-15% of the 

0.01 M asp is removed from the solution in the first three days of 

heating, no polymer appears to be fonned. Thus, the result is consistent 

with absorption of 10-15% of the asp. Also, the asp enantiomers both 

behaved in the same way, and the absorption is apparently unselective. 

The optical rotation measurements are consistent with this conclusion; 

absorption or reaction of one enantiomer selectively would have produced 

an excess of the other enantiomer in solution. Had the reported rate 

differences for D- and L-asp been real, there should have been a 20% 

excess of D- over L-asp in solution after four weeks of reaction, and 

this excess would have been observed. 

The 14C labeling experiment corroborates the results of the amino 

acid analyses in showing that no peptides are formed. Unless the reaction 

prod~ces a narrow range of polypeptide molecular weights all of which have 

the same Rf as asp in both solvent systems--an unlikely event--the tracer 

experiment shows that no peptides are formed in our experiments. 
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We therefore dra\'J the follo\'ling conclusions. First, it is very 

doubtful that kaolinite catalyzes the polymerization of asp in water at 

900
; all that seems to occur is ~bsorption of 10-15% of the asp. Second, 

kaolinite fails to show any stereoselectivity for L- over D-asp. 

Professor W. A. Bonner and Dr. J. Flores have recently informed us of 

their independent studies on the aspartic acid-kaolinlte system, in 

wh {ch they carne to the s arne con c 1 us ion s . 

AcknoltJ1edgernents. These' investigations were supported by the U.S. 

Atomic Energy Commission. 
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F IG1JRE CAPT ION 

Fig. 1. Change of asp concentration on heating 0.01 iII solutjons with 
I 

kaolinite at 90°C. The estimated analytical error is !S%. 
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