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Proteinoids 
E-1.3 98 ? 6 9 ? 8 91 60 5 91 
1-2.8-b 60 - 6 23 - 5 62 70 22 69 
K-2.8-b 34 ? 9 17 - 3 50 39 12 69 
E-8.0 125 - 8 67 7 46 88 70 20 
B-8.0 85 ? 16 48 6 44 72 42 40 
B-13.5 169 + 12 109 - 8 36 110 98 11 
K-3.4 62 - 13 41 + 3 34 54 34 37 

Copolymers of aspartic acid and histidine 
0-2.8 50 + 11 31 ? 5 38 48 18 62 
0-12.3 214 - 15 159 _ 8 26 232 173 25 

* Standard deviation (12). t Percentage of inactivation is [1- activity (heated) ] 100. 
L activity (unheated) J 
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the hydrolysis of p-nitrophenyl acetate 
(NPA) and the decarboxylation of 
oxaloacetic acid (OAA). The former 
reaction was shown a decade ago (4- 
6) to be catalyzed by acidic proteinoids 
[proteinoids that contain a large pro- 
portion of dicarboxylic amino acids 
(1)] and by simpler copolymers of as- 
partic acid and histidine. Some poly- 
mers were over ten times as active as 
the equivalent amount of histidine; 
these and other polymers could be 
largely or partially inactivated by heat- 
ing their buffered solutions. In the cur- 
rent study, specific activities before and 
after heat inactivation were compared 
with earlier (6) results. 

The decarboxylation of OAA (7, 8) 
was shown 5 years ago to be catalyzed 
by lysine-rich proteinoids and by sam- 
ples of thermally prepared polylysine. 
In the current study (9), apparent sec- 
ond-order rate constants provide the 
main basis for comparison with the 
earlier report (7). 

p-Nitrophenyl acetate (K & K Lab- 
oratories) was purified (m.p. 76? to 
77.5?C, uncorrected) by precipitating 
from ethyl ether with petroleum ether 
(b.p. 37? to 59?C). Oxaloacetic acid 
and L-lysine hydrochloride were used 
as supplied (California Biochemical). 

The thermal polyamino acids were 
those used previously (6, 7). They had 
been stored dry, without other special 
precautions, in screw-cap vials or bot- 
tles. Acidic proteinoids and copolymers 
of aspartic acid and histidine were used 
for the hydrolysis of NPA. Polymers 
K-2.8-b and K-3.4 appeared damp; they 
were dissolved in water and were 
lyophilized before retesting for activity. 
The other acidic polymers appeared un- 
changed. The acidic polymers (0.4 mg/ 
ml) were assayed spectrophotometrical- 
ly on 10-3M NPA, as described (6) 
(0.067M phosphate buffer, 4 percent 
dioxane, pH 6.8, 30?C). Each polymer 
was also tested (at 1.0 mg/ml) in 
0.1 67M buffer, a procedure that re- 
duced the relative contribution to ob- 
served activity of the rate of spontan- 
eous hydrolysis. (Specific activities 
under both conditions were in close 
accord in most cases; values obtained 
at the higher polymer concentration are 
reported in the few exceptional cases.) 
Activity values [termed k'/c in refer- 
ence (6)] are corrected for the rate of 
spontaneous hydrolysis (0.8 ? 0.06 and 
1.45 ? 0.08 umole of product per min- 
ute per liter, respectively, in 0.067 and 
0.167M buffer), the units being micro- 
moles of p-nitrophenol produced per 
4 SEPTEMBER 1970 

Table 2. Activities of thermal polyamino acids for the decarboxylation of oxaloacetic acid. The 
polymers were prepared (some under aseptic conditions) and first assayed in 1964-65 (7). 
Assays were at pH 5.0, as described in the text. Lysine was assayed as the hydrochloride salt, 
but its activities are expressed per weight of free base. The rate of spontaneous decarboxylation 
has units of min-~. The sample designations are those used in reference (7). 

Current Previous 

Sample Activity ? S.D.* Activity ? S.D.* 
(10-3 liter g-l min-l) nt (10- liter g-l min-l) 

Lysine proteinoids 
F 15.8 ? 1.6 8 11.9 ? 1.5 21 
A (aseptic) 18.7 ? 1.0 5 11.4 ? 0.3 4 
C-1 19.4 ? 1.2 5 11.5 - 0.5 4 
C-2 18.2 1.4 5 11.5 1.0 4 
C-3 16.7 ?1.6 6 12.2 ? 1.3 4 
C-4 17.0 ? 1.1 5 11.0 1.6 4 
F-acetylated 2.9 - 0.5 3 1.0, 1.0 2 
F-hydrolyzate 4.4 ? 0.2 3 3.5, 4.0 2 

Polylysine 
F 120 ?27 11 49 ? 3.5 22 
A (aseptic) 114 ? 5.7 6 55, 53 2 
C-1 97 ?11.8 6 62 ?6.1 4 
C-2 96 ? 5.9 5 54 ? 3.0 4 
C-3 90 ? 10.6 5 52 ?6.3 4 
C-4 111 ? 7.7 5 55 5.3 4 
F-acetylated 0.8 ? 3.0 3 1.0, 1.0 2 
F-hydrolyzate 6.6 + 0.3 3 3.5, 4.0 2 

Others 
Lysine 3.8 ? 0.5 7 4.2 ? 0.9t 12 
Spontaneous 

decarboxylation 3.0 ? 0.6 6 3.0 ? 0.7 

* Standard deviation (12). t Number of determinations. $ Unpublished observations, 1965. 

minute per gram of polymer. Partial in- 
activation was mediated by heating buf- 
fered solutions of acidic polymers in 
sealed tubes for 15 minutes in a boiling 
water bath. The maximum change in 
pH observed on heating-attributable 
to the hydrolysis of aspartoylimide link- 
ages (6)-was less than 0.03 pH unit. 

Lysine-rich proteinoids and samples 
of thermal polylysine were used for the 
decarboxylation of OAA. Although 
originally (7) soluble in buffer, these 
polymers were now largely insoluble in 
water, assay buffer, 1N NaOH, 1N 
HC1, and concentrated NaCl. The 
manometric procedure (7) was used 
with OAA (0.2M acetate buffer, pH 
5.0, 30?C ~ 4.8 X 10-3M OAA). The 
polymers, however, required special 
treatment because of their insolubility. 
They were suspended in buffer, usually 
at 2.0 mg/ml for lysine-rich proteinoid 
and 1.0 mg/ml for thermal polylysine, 
and homogenized with 15 passes of a 
Potter-Elvehjem Teflon-glass homoge- 
nizer. The homogenized polymers ad- 
hered tenaciously to glass; some mate- 
rial was always lost during transfer with 
pipettes. (Such loss was made rela- 
tively uniform by always drawing the 
suspension into the pipette three times 
before transferring to Warburg ves- 
sels.) Observed apparent first-order 

rate constants were corrected for the 
rate of spontaneous decarboxylation 
(0.003 min-l), and were converted to 
unit-weight activity (based on weight 
before any losses during, pipetting). Re- 
ported values have units of liters per 
gram per minute. 

Polymers B-8.0 and polylysine 1-F 
were tested for possible microbial con- 
tamination. They were dissolved or sus- 
pended in sterile water and were trans- 
ferred aseptically to broths and agar 
plates containing (Difco) proteose- 
peptone, tryptone-glucose-yeast extract, 
peptone-beef extract, trypticase-soy, or 
peptone (two concentrations). After 
several days at room temperature, no 
growth was found with the lysine poly- 
mer. Very limited-if any real (10)- 
contamination of the acidic polymer was 
indicated by the finding of only four 
microbial colonies (from several mili- 
grams of polymer) on ten agar plates. 

Values of specific activity and stan- 
dard deviations with NPA are shown in 
Table 1; previous values (6) are re- 
iterated to facilitate comparisons. After 
10 years of storage, proteinoids and co- 
polymers of aspartic acid and histidine 
are still active on NPA and are again 
partially inactivated (26 to 91 percent) 
by the heating of their buffered solu- 
tions. In most cases, the average values 
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do not vary by more than 15 percent 
from those noted previously, either be- 
fore or after heat inactivation. Similar- 
ly, the percentages of inactivation are 
comparable in most cases. 

A precipitate formed when polymers 
B-8.0 and E-1.3 were heated in buffer. 
Residual activity after heating was 
found only in the soluble fraction. The 
precipitate constituted about one-quar- 
ter of the total sample. 

That activity and heat inactivatibility 
are not attributable to microbial con- 
tamination is indicated, as before (6), 
by the absence of microbial growth 
from a tested polymer and by the fact 
that activity and heat inactivatibility 
were noted with fractions (from a 
Sephadex G-50 column) of low molec- 
ular weight [less than 10,000 (11)]. 

Because the insolubility of the poly- 
mers used with OAA caused some loss 
of polymer, the reported apparent sec- 
ond-order rate constants would repre- 
sent minimum rates. However, Table 2 
shows that in every case the polymers 
are now more active than reported pre- 
viously (7). Percentages of increase in 
activity for lysine-rich proteinoids are 
32 and 88 at the extremes, with an av- 
erage of 58. For thermal polylysine, the 
respective values are 73 to 145, with an 
average of 98. These increases, which 
for each polymer are statistically sig- 
nificant (12) at the 99 percent confi- 
dence level, are likely not due to (un- 
known) differences in assay conditions 
because unpolymerized lysine and also 
controls for spontaneous decarboxyla- 
tion gave values in the current study 
comparable to those obtained previous- 
ly. The absence of microbial growth 
when a representative polymer was 
tested on six kinds of growth media in- 
dicates that the increase in rate is not 
due to possible microbial contaminants. 
Reasons for the increase are unresolved. 

The activity of both types of lysine- 
rich polymer was largely associated 
with the insoluble portions, as judged 
by assays on resuspended pellets; the 
supernatants contained less than 10 per- 
cent of the total activity. As before, 
mineral acid hydrolyzates of polymers 
gave a low level of activity, indicating 
the importance for activity of poly- 
meric form (7, 8). The importance of 
free amino groups is indicated by the 
low activity of acetylated polymers (7). 
The acetylated polymers, incidentally, 
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the parent polymers is not due to sur- 
face-adsorption phenomena. 

The foregoing study has shown that 
individual thermal polyamino acids re- 
tain their catalytic activity for at least 
5 to 10 years. The interim between test- 

ing the activity is minute in terms of 

geological time; also, the conditions of 

storage of these polymers would rep- 
resent only one of many possible geo- 
logical conditions. However, the current 
results do support the concept that 
primitive enzyme-like polyamino acids 
would have been stable enough to be 
available for long periods of time to 
contribute to processes of molecular 
evolution. 

The feature of longevity of enzymic 
action, as suggested by this study, could 
have offered obvious evolutionary ad- 
vantages to developing and competing 
primitive systems (3, 13). The limited 
requirements in such systems for con- 
tinued de novo synthesis of enzyme 
molecules could have been particularly 
important before template-directed 
mechanisms for duplication of enzymes 
originated. 

DUANE L. ROHLFING 

Department of Bio!ogy, University of 
South Carolina, Columbia 29208 
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The methyl ester of p-chlorophenyla- 
lanine (PCPA), an agent which depletes 
brain serotonin (1), has been reported 
to induce hypersexuality in both rats 
and cats (2, 3). The studies reported 
that male animals given long-term treat- 
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Table 1. Effects of p-chlorophenylalanine methyl ester (PCPA) and PCPA plus pargyline on 
the heterosexual behavior of male rats. Numbers indicate the mean ? standard error of the 
number of mounting responses and intromissions which preceded each ejaculation and the total 
number of mounts, intromissions, and ejaculations which preceded sexual satiation. 

No. per ejaculation Satiation 

Group Intro Mounts Intro- Ejacu- 
Mounts missions lations missions (No.) (No.) (No.) 

Control: before PCPA 11.2 + 1.5 7.1 + 1.3 72.6 + 7.3 46.0 ? 5.2 7.0 ? 0.9 
PCPA* 11.3 + 4.0 6.1 ? 1.0 55.2 + 17.6 29.3 ? 3.8 5.0 ? 0.4 
Control: after PCPA 9.0 ? 1.5 7.2 ? 1.0 51.6 ? 7.6 43.7 + 5.6 6.1 ? 0.5 
PCPA plus pargyline* 16.0 ? 5.3 6.8 ? 1.3 63.0 + 12.6 34.8 + 8.7 5.0 ? 0.7 

* Scores for these tests do not include scores for an individual animal which failed to mate during 
the first 30 minutes of the test. 
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P-Chlorophenylalanine Methyl Ester: An Aphrodisiac? 

Abstract. p-Chlorophenylalanine methyl ester and the ester plus pargyline have 
been reported to facilitate sexual mounting behavior in animals, but these studies 
have shown only a facilitation of homosexual mounting. The present study in- 
dicates that these agents do not enhance the probability or frequency of hetero- 
sexual interactions in rats. 
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