
the number of functioning renal tubules 
varies directly with the filtration rate 
(9). Thus the filtration rate may be re- 
duced by the closing of a number of 
glomeruli. When a glomerulus is closed 
the tubule collapses, and transport 
across its epithelium ceases. Function- 

ing normal nephrons remain open, and 
fluid transport takes place across the 
tubular epithelium. 

Among the reptiles investigated the 
blue-tongued lizard showed the widest 
variations in the filtration rate: from 0.7 
ml/hr per kilogram of body weight, 
during dehydration, to 25 ml/hr per 
kilogram of body weight during water- 
loading (Table 1). In the saltwater croc- 
odile a water load similarly increased 
the filtration rate, whereas in the fresh- 
water crocodile little variation was seen 
in the filtration rate as a result of de- 
hydration or water-loading. A survey of 
many sections from kidneys of all the 
reptiles in different physiological condi- 
tions showed a rough correlation be- 
tween the number of open to closed 
tubular lumina and the glomerular fil- 
tration rate. 

In the tubules with open lumina from 
normal, dehydrated, and salt-loaded liz- 
ards, the intercellular spaces were also 
open, but they exhibited different forms 
(Fig. 1, a and b; Fig. 2). Sometimes the 
space was widely expanded from the 
tight junction of the terminal bar to the 
base of the cell; in other tubules part of 
the space was closed. No particular 
shape could be correlated with the 
physiological conditions. In the tubules 
with closed lumina the intercellular 
spaces were closed. In the ouabain- 
treated lizard, in which active sodium 
transport presumably was stopped, most 
proximal tubules had open lumina, but 
the intercellular spaces were tightly 
closed. In summary, in proximal tubules 
the intercellular spaces were closed 
when the transport was stopped either 
by no filtration or by poisoning of the 
sodium pump with ouabain. They were 
open whenever fluid transport across 
the epithelium took place. 

Urine osmolality varies relatively 
little in reptiles. Their kidneys do not 
function as countercurrent multiplier 
systems, and reptiles can therefore only 
excrete a urine that is either hypoos- 
motic or isosmotic to the blood (10). 
The osmolality of the urine is regulated 
by the distal tubules and the cloaca. In 
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tongued lizard, the urine osmolality 
varied from 43 percent to 79 percent of 
the blood osmolality. This means that 
the resorbed fluid was hyperosmotic to 
the tubular fluid in the water-loaded 
lizard, but more closely approximated 
the osmolality of the tubular fluid in the 
dehydrated lizard. The osmolality varied 
over a similar range in Crocodylus po- 
rosus and C. johnstoni and varied in 
both of them more than in Crocodylus 
acutus (Table 1). 

The intercellular spaces of the distal 
tubular cells appeared in many different 
shapes (Fig. 1, c and d; Fig. 3). The 
width of the spaces could not be related 
to the rate of fluid resorption, but, when 
transport was stopped completely, two- 
thirds of the apical part of the spaces 
were closed. This was the case in tu- 
bules with closed lumina from normal 
and dehydrated animals, and in tubules 
with open lumina from animals treated 
with ouabain. The shape of the spaces 
also seemed conspicuously related to the 
osmolality of the urine. In the water- 
loaded lizard when the urine osmolality 
was 45 percent of the blood osmolality 
the spaces were tightly closed from the 
terminal bar to the basal lamina (Fig. 3). 

Thus, the intercellular spaces in distal 
as well as proximal renal tubules of rep- 
tiles appear to be open when water and 
solute are resorbed in about the same 
concentrations as in the lumen. These 
spaces however are closed when no 
transport takes place, as in tubules with 
closed lumina or in tubules poisoned 
with ouabain. When the urine is signifi- 
cantly hypoosmotic to the blood (when 
the resorbed fluid is hyperosmotic to the 
luminal fluid) the spaces between the 
distal tubular cells are closed apically, 
or all the way to the basal lamina. This 
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The primordial appearance of nearly 
all classes of biomonomers can now be 
accounted for on the basis of several 
experiments carried out under hypo- 
thetical conditions on primitive Earth 
(1). However, one very important 
group that has persistently resisted 
synthesis thus far is the naturally oc- 
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finding seems to contradict the predic- 
tions by Diamond and Bossert (11) that, 
when the resorbed fluid is hyperosmotic, 
the spaces should be wide and short 
whereas an isosmotic resorbed fluid 
should require long and narrow inter- 
cellular spaces. The findings, however, 
could be consistent with the predictions 
that active transport into the basal parts 
of the intercellular spaces makes the 
resorbed fluid more hyperosmotic. 
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curring sulfur-containing amino acids 
(2). Electron-beam irradiation of a 
gaseous mixture of ammonia, methane, 
water, and H2S has led to isolation and 
identification of the nonproteinaceous, 
oxidized amino acids taurine, cysteic 
acid, and cystamine (3). [The use of 
H2S in a "primitive atmosphere" is rea- 
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Synthesis of a Sulfur-Containing Amino Acid under 

Simulated Prebiotic Conditions 

Abstract. Ultraviolet irradiation of an aqueous solution of ammonium thio- 
cyanate produces the sulfur-containing amino acid methionine. Synthesis of this 
class of biocompound fills another important gap in development of an overall 
picture of how prebiological chemistry may have evolved on primitive Earth. 
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Fig. 1. Autoradiogram of a chromatogram exhibiting methionine synthesized by ultra- 
violet irradiation of an aqueous solution of 14C-labeled ammonium thiocyanate. 

sonable since this compound is found 
in the juvenile exhalations of volcanoes 
(4).] When the same gaseous reactant 
mixture was sparked, ammonium thio- 
cyanate was produced (5). Similarly, 
the combination of C02, NH3, and H2S 
in volcanoes reportedly results in pro- 
duction of ammonium thiocyanate 
(see 6). 

Ammonium cyanide, activated by 
heat or ultraviolet light, yields amino 
acids and peptides (7). Also, incuba- 
tion of aqueous solutions of ammonium 
thiocyanate and formaldehyde report- 
edly produces amino acids, although 
none has been identified as a sulfur- 
containing residue (8). 

In a study of the supermolecular 
morphogenicity of ammonium thiocy- 
anate in the presence of ultraviolet 
light (9), an examination was made for 
the possible concurrent synthesis of a 
sulfur-containing amino acid. In a typ- 
ical experiment, an aqueous 0.1M 
solution of NH4SCN was irradiated for 
3 hours with a submerged Pen-Ray 
Quartz UV lamp (10). The thiocyanate 
was labeled with 14C, and its radio- 
purity was confirmed by paper chroma- 
tography and autoradiography. The re- 
action vessel was placed in an ice-water 
bath during the irradiation. The product 
was hydrolyzed in 6N HC1 for 16 
hours in a sealed ampoule under N2. 
A cloudiness found in the irradiated 
product disappeared upon hydrolysis. 
8 MARCH 1968 

The hydrolyzate was divided into 
three parts: 

1) The first was chromatographed 
(Whatman No. 1 paper), in parallel 
with standards of several amino acids, 
with a 4:1:5 (organic phase) mixture 
of n-butanol, acetic acid, and H20 
as solvent. With autoradiography to 
locate the labeled compounds and nin- 
hydrin for the standards, one of the 
products of irradiation exhibited an Rp 
value very similar to that of methionine 
in particular (standard Rp, 0.41; ex- 
perimental RF, 0.39). 

2) The chromatographic procedure 
was repeated on the second portion of 
hydrolyzed product, with a 4:3:2:1 
mixture of t-butanol, methylethylketone, 
water, and concentrated NH40H as 
solvent. Again there was good coinci- 
dence with methionine (standard Rp, 
0.74; experimental Rp, 0.75). 

3) The third portion of hydrolyzate 
was mixed with standard methionine 
and paper-chromatographed in two di- 
mensions: (i) a 4:1:1 mixture of n- 
butanol, ethanol, and H20; and (ii) a 
2:2:1:3 mixture of i-propanol, meth- 
anol, acetic acid, and H20. The iden- 
tity of the unlabeled standard amino 
acid was confirmed by elemental anal- 
ysis (theory: C, 40.3; H, 7.4; N, 9.4; 
S, 21.4; found: C, 40.8; H, 7.2; N, 9.2; 
S, 20.4). Coincidence of position and 
shape was detected between a labeled 
product and the standard methionine 

(Fig. 1). This observation substantiated 
the conclusion that this sulfur-contain- 
ing amino acid had indeed been pro- 
duced. The use of labeled reactant 
eliminated the possibility that any prod- 
ucts might in fact be contaminants 
introduced during synthesis or anal- 
ysis. 

Although the yield was low in this 
synthesis (less than 1 percent), greater 
quantities might result from longer ir- 
radiation if decomposition did not prove 
to be a significant factor. The inability 
of other investigators to observe this 
amino acid probably reflects its presence 
in amounts lower than the levels of 
detectability by the analytical methods 
employed and the quantity and nature 
of the reactants used. 

Results from related studies (7) sug- 
gest two possibilities: 

1) Polymers of amino acid precursors 
may be produced by polymerization 
of cyanide. 

2) The cyanide may act both as re- 
actant for amino acid monomer syn- 
thesis and as the condensing agent for 
the subsequent dehydration coupling 
of the residues. 

The cloudiness observed in our ex- 
periments after irradiation may have 
been due either to true polypeptides or 
to polyamino acid precursors. In either 
case, methionine monomer would be 
expected only after hydrolysis. 
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