
synthesized until after fertilization (11). 
Studies of this type can identify muta- 

gens and determine the risk associated 
with exposure to known mutagens. Ex- 
posure of the fetus to low doses of muta- 
gens may not cause immediate, obvious 
effects such as morbidity or birth de- 
fects, but can have severe consequences 
when the otherwise normal female off- 
spring reach puberty. 

Caution must be exercised when data 
gathered from animal experiments are 
extrapolated to the situation in humans. 
However, many children have been born 
to mothers treated with azathioprine (2, 
12), and these children should be ob- 
served carefully to determine whether 
their reproductive function has been ad- 
versely affected by the drug. 
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Peptide Formation in the Prebiotic Era: Thermal Condensation 
of Glycine in Fluctuating Clay Environments 

Abstract. As geologically relevant models ofprebiotic environments, systems con- 
sisting of clay, water, and amino acids were subjected to cyclic variations in temper- 
ature and water content. Fluctuations of both variables produced longer oligopep- 
tides in higher yields than were produced by temperature fluctuations alone. The 
results suggest that fluctuating environments provided a favorable geological setting 
in which the rate and extent of chemical evolution would have been determined by 
the number and frequency of cycles. 
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Recently we proposed (1) that envi- 
ronments where both water content and 
temperature fluctuate diurnally and sea- 
sonally presented the most favorable and 
geologically relevant settings for con- 
densation reactions in the prebiotic era. 
Simulation of the main characteristics of 
such a system-that is, variable water 
content and temperature, high solute 
concentration during a dehydration pro- 
cess, the presence of a catalytically ac- 
tive solid surface, and the opportunity 
for redistribution of the organic molecu- 
lar species during a hydration process- 
led to condensation of glycine to oligo- 
peptides. For purposes of comparison, 
systems that were only subjected to tem- 
perature fluctuations were also examined 
(2). 

In a typical experiment, 1 ml of 23 mM 
glycine was added to the clay mineral in 
the Na+ form (kaolinite, 60 mg; benton- 
ite, 20 mg). After hydration of the clay, 
the suspension was treated as follows for 
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Fig. 1. Effect of initial gly- 
ci-e surface density on the 
total yield of peptide. In 
the inset the lower left- 
hand corer of the figure 
is redrawn for clarity. 
Values for the reciprocal 
surface density are pro- 
vided on the upper scale 
of the inset for various 
reactant surface densities. 
Error bars represent the 
? 25 percent uncertainty 
in the surface area esti- 
mates; replicate analyses 
from Table I typically 
exhibit much smaller un- 
certainties. 

Fig. 1. Effect of initial gly- 
ci-e surface density on the 
total yield of peptide. In 
the inset the lower left- 
hand corer of the figure 
is redrawn for clarity. 
Values for the reciprocal 
surface density are pro- 
vided on the upper scale 
of the inset for various 
reactant surface densities. 
Error bars represent the 
? 25 percent uncertainty 
in the surface area esti- 
mates; replicate analyses 
from Table I typically 
exhibit much smaller un- 
certainties. 

800 

E 

E 700 

-0 

X 600 
o 

o 0 
c 

._> 500 
a) 

,, 400 

>: 300 

a) 
Q- 200 

800 

E 

E 700 

-0 

X 600 
o 

o 0 
c 

._> 500 
a) 

,, 400 

>: 300 

a) 
Q- 200 

100 100 

wetting-drying and temperature fluctua- 
tions (WDTF): (i) dehydration at 60?C 
for 1 to 2 days; (ii) heating at 94?C for 2 to 
3 days; (iii) rehydration with 1 ml of 
water, and (iv) repetition of steps (i) to 
(iii) for n number of cycles. Suspensions 
tested for temperature fluctuations (TF) 
with dehydration were treated as in step 
(i) above, with subsequent intermittent 
heating at 94?C and cooling to 25?C; 
these TF treatments were performed in 
parallel with the wetting-drying series. 
Products were extracted from the clay 
with water and 1N NH4OH (3). Identi- 
fication of glycine oligopeptides was 
based primarily on their elution times as 
determined with an automatic amino 
acid analyzer (4). 

In the absence of clay, trace amounts 
of diglycine formed occasionally after 
lengthy heating. The presence of clays, 
however, consistently brought about the 
synthesis of peptides, and diglycine was 
readily detected after 1 week at 94?C. 
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Further heating increased the amount of 
diglycine and produced larger peptides. 
Diglycine was also formed at 80?C, but at 
a rate two and a half to four times slow- 
er than at 94?C. At 60?C, only trace 
amounts of diglycine were detected after 
35 days (5). 

Without exception in the kaolinite sys- 
tem, WDTF cycles enhanced peptide 
synthesis as compared to TF cycles 
alone yielding peptides up to pen- 
taglycine (Table 1). In similar experi- 
ments with bentonite, no oligomers high- 
er than triglycine were detected, with the 
exception of trace amounts of tetragly- 
cine after 27 cycles (experiment 17). Al- 
though the effect of WDTF cycles on the 
total yield in the presence of bentonite 
was less pronounced than in the case of 
kaolinite, the yields of triglycine were al- 
ways higher than with the TF cycles 
alone. Within the uncertainty of the data, 
there appears to be relatively little sys- 
tematic change in either peptide yield or 
composition on increasing the number of 
cycles from 11 to 33. From cycle 1 to 11 
in the bentonite system with high initial 
glycine-to-clay ratio (experiments 21 to 
23), however, enhancement of oligomer 
production occurs just as on kaolinite, 
and synthesis from dimer to higher oligo- 
mers is quite clear. 

ly G2 Gly (G)2 (Gl)3 

dpi dpi dpi 

- 

(Gly)4--Etc..... 

dpi 

Fig. 2. Glycine oligomerization scheme. The 
letters dpi represents unspecified decomposi- 
tion products. Oligomers grow by addition of 
single glycine units. Partial hydrolysis of an 
oligomer, however, can yield glycine or other 
shorter oligomers (or both). 

Four sets of reactions show the influ- 
ence of initial glycine-to-clay ratio on oli- 
gomerization. Increases in the ratio with- 
in each set by a factor of 3 (experiments 
26 to 28), by a factor of 6 (experiments 
10, 12 to 14, 3, and 5 to 7), and by a fac- 
tor of 58 (experiments 17 to 20) produced 
significant and systematic enhancements 
in oligomer length and total yield. Addi- 
tion of experiment 23 to the WDTF-ben- 
tonite set, however, shows that increas- 
ing the ratio by another factor of 3 (from 
58 to 168) did not produce any additional 
product enhancement. To permit com- 
parison of data between clays, initial gly- 
cine-to-clay ratios and total oligomer 
yields (Table 1) were normalized to clay 
surface area and plotted in Fig. 1. Al- 
though the data points acquire uncer- 
tainties as large as +25 percent as a re- 

suit of this normalization (6), their trend 
is as follows. Oligomer yield increases as 
the reactant surface density is raised 
from less than 5 x 103 to 50 x 103 
nmole/m2; after this point a "saturation" 
effect prevails. 

The saturation effect occurs at a recip- 
rocal surface density less than 4 A2 per 
reactant molecule (7). By comparison, 25 
A2 is the approximate area one glycine 
molecule would occupy were it adsorbed 
flat on the basal plane of the clay surface. 
The results indicate that efficient con- 
densation requires either direct partici- 
pation of nonadsorbed amino acid mole- 
cules in conjunction with those adsorbed 
as a monolayer on the clay, or an excess 
population of reactants (not in the mono- 
layer) to provide facile solid state dif- 
fusion to and from the catalytic sites on 
the clay surface, or both. At low reactant 
surface densities, where comparative 
data are available, there appears to be 
little difference in the total productivity 
in the peptide yield with either kaolinite 
or bentonite. 

In kaolinite experiments, the higher 
oligopeptide yield achieved with WDTF 
cycling as compared to that with TF cy- 
cling results from redistribution of organ- 
ic molecules during the former. Each 
wetting redistributes the molecules by 

Table 1. Oligomerization of glycine on clays: reactants, conditions, products, and yields. 

Ex- Glycine/ Cycles Net Yields of oligomers (nmole/mg clayt) Total yields 
pi- clay heating of glycine 

ment (nmole/ Type Num- peod* Di Tri Tetra Penta in oligomers 
mg) ber (days) (nmole/mg clay) 

Kaolinite 
1 374 WDTF 11 33.7 2.27 + 0.37 0.45 + 0.05 5.9 ? 0.9 
2 374 WDTF 21 55.0 1.99 + 0.15 0.79 + 0.17 0.29 TR? 7.6 + 0.8 
3 374 WDTF 27 67.4 2.25 + 0.13 1.01 + 0.12 0.33 TR 8.9 ? 0.6 
4 374 WDTF 33 77.3 2.21 + 0.26 0.83 + 0.16 0.32 TR 8.2 + 1.0 
5 123 WDTF 27 67.4 0.97 + 0.12 0.38 + 0.03 0.10 TR 3.5 + 0.3 
6 193 WDTF 27 67.4 1.31 0.55 0.15 TR 4.87 
7 791 WDTF 27 67.4 3.50 1.58 0.60 TR 14.14 
8 371 TF 11 33.7 0.87 

' 
0.14 0.09 2.0 + 0.3 

9 371 TF 21 55.0 0.33 + 0.08 0.07 TR 0.9 + 0.2 
10 371 TF 27 67.4 0.43 0.08 TR 1.10 
11 371 TF 33 77.3 0.71 + 0.20 0.19 TR -2.0 ? 0.4 
12 129 TF 27 67.4 0.33 0.09 - -0.93 
13 185 TF 27 67.4 0.44 0.09 - -1.15 
14 780 TF 27 67.4 0.77 0.17 -2.05 

Bentonite 
15 1,070 WDTF 11 32.8 6.37 ? 0.87 0.2 -13.3 + 1.7 
16 1,070 WDTF 21 55.0 7.99 + 2.48 0.6 17.8 + 1.7 
17 1,070 WDTF 27 67.4 4.92 + 0.64 0.61 ? 0.19 TR -11.7 ? 1.7 
18 554 WDTF 27 67.4 2.92 ? 0.72 0.2 - 6.4 + 1.4 
19 2,141 WDTF 27 67.4 12.7 ? 1.17 1.90 + 0.13 TR -31.1 + 2.7 
20 32,00011 WDTF 11 57.0 36.7 ? 8.5 8.2 + 3.0 2.5 ? 0.3 111 + 28 
21 93,00011 WDTF 1 10.6 11.9 + 1.7 TR -24 ? 3 
22 93,00011 WDTF 5 25.4 26.9 ? 1.1 1.9 ? 0.9 -60 ? 5 
23 93,00011 WDTF 11 57.0 40.1 + 3.2 7.9 + 0.5 1.2 0.8 + 0.4 113 ? 10 
24 1,054 TF 11 32.8 2.72 + 1.65 TR -5.4 ? 3.3 
25 1,054 TF 21 55.0 7.11 ? 0.46 TR -14.2 ? 0.9 
26 1,054 TF 27 67.4 3.59 + 0.37 TR - 7.2 - 0.7 
27 580 TF 27 67.4 2.72 + 0.32 TR - 5.4 ? 0.6 
28 1,894 TF 27 67.4 10.74 + 1.80 0.47 - 21.5 ? 3.6 

*At 946C. tThe ? indicates average and average deviation of three or four replicate analyses. tGiven as sum of-all glycine incorporated in oligomers. ?TR, 
trace amounts. Dash, not detectable. ttIn these experiments, 10 mg of bentonite was used. 
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desorption; blocked active sites on the 
surface become free from blocking spe- 
cies; glycine in the solid phase becomes 
redissolved and available again for sur- 
face adsorption; and the surface concen- 
tration of glycine can be replenished dur- 
ing the next dehydration stage. The 
smaller, but real, enhancement associat- 
ed with WDTF cycles in the presence of 
bentonite may result from a less efficient 
redistribution process for bentonite than 
for kaolinite (8). 

On going from TF to WDTF cycles, 
total peptide yield increased, as did the 
proportion of large oligomers over small 
ones. In contrast, initial glycine-to-clay 
ratio had no apparent effect on the ulti- 
mate distribution of products among 
oligomers (experiments 3, 5 to 7, 17 to 
20, and 23). Moreover, essentially no 
change occurs in oligomer composition 
after 11 cycles with either WDTF or TF 
cycles. With TF cycles, little or none is 
expected since there exists no redistribu- 
tion mechanism other than slow surface 
diffusion. During WDTF cycles, how- 
ever, redistribution is expected to occur. 
The fact that oligomer composition re- 
mains unchanged after many WDTF cy- 
cles is in accord with the attainment of a 
steady-state composition in which oligo- 
mer formation is balanced by oligomer 
decomposition (9). A plausible reaction 
scheme is shown in Fig. 2. 

If the scheme that we propose is cor- 
rect, and if reactions in the WDTF mode 
included a mixture of amino acids, then 
this model of a fluctuating system may 
produce nonrandom oligopeptides. The 
dynamic balance of peptide bond forma- 
tion and destruction over a large number 
of cycles provides a mechanism for se- 
lective generation of oligomers with non- 
random sequences determined by factors 
characteristic of specific monomers and 
lower oligomers, such as strength of ad- 
sorption to clay, solubility, ease of con- 
densation, stability to hydrolysis, and 
nearest neighbor interactions. Catalytic 
properties of such nonrandom oligomers 
would be of great interest. 

We postulate that, in the prebiotic era 
when monomers were supplied at a rea- 
sonable rate by syntheses, the most fa- 
vorable environment for condensation of 
amino acids, and perhaps for conden- 
sation reactions of other organic mole- 
cules, consisted of one in which diurnal 
fluctuations yielded a wet period during 
the night and a dry and hot period during 
the day. Prolonged dry periods would 
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amino acids, and perhaps for conden- 
sation reactions of other organic mole- 
cules, consisted of one in which diurnal 
fluctuations yielded a wet period during 
the night and a dry and hot period during 
the day. Prolonged dry periods would 
have inhibited further condensation, and 
incomplete dehydration would have led 
to low monomer surface concentrations 
and ineffective catalytic surfaces. The 
adsorptive and catalytic surface need not 
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Histamine has many different effects 
on various cell types, and may serve as a 
neurotransmitter (1). This biogenic 
amine apparently brings about its effects 
by activation of two different receptors 
(H1 and H2) which are distinguished by 
their differential sensitivities to agonists 
(for example, 2-methylhistamine for H1 
and 4-methylhistamine for H2 receptors) 
and to antagonists (for example, pyril- 
amine for HI and metiamide for H2 re- 
ceptors). 

As do many neurotransmitters, hista- 
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mine stimulates the formation of adeno- 
sine 3',5'-monophosphate (cyclic AMP) 
in nervous and other tissues (2). This ef- 
fect is mediated by both HI and H2 re- 
ceptors. Recently, tricyclic antidepres- 
sants were reported to be potent com- 
petitive inhibitors of the H2 receptor- 
mediated response (3). 

In the course of experiments on mus- 
carinic receptor-mediated cyclic GMP 
(guanosine 3',5'-monophosphate) forma- 
tion in cultured mouse neuroblastoma 
cells (4), we found that histamine also 
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Histamine H1 Receptor-Mediated Guanosine 3',5'-Monophosphate 
Formation by Cultured Mouse Neuroblastoma Cells 

Abstract. Incubation of cultured mouse neuroblastoma cells with histamine 
caused a rapid and marked increase in the formation of guanosine 3',5'-mono- 
phosphate (cyclic GMP) by these cells. Receptor agonists for Hl, but not H2, caused 
this effect which was reduced by H1 but not by H2 or muscarinic acetylcholine recep- 
tor antagonists. These results indicate that activation of H1 receptors in these cul- 
tured nerve cells stimulated cyclic GMP formation. 
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