animals in group 2 had small lipid
vacuoles in the cytoplasm of about 30
percent of the granular pneumocytes;
group 3 guinea pigs had numerous lipid
vacuoles in most of the granular pneu-
mocytes; and in animals of groups 4
and 5 the granular pneumocytes con-
tained many large lipid vacuoles which
stained with Sudan IV. However, the
lamellar bodies stained only faintly. In
tissue fixed in osmic acid, the lipid
vacuoles were preserved but were
stained only lightly with toluidine blue.
The osmiophilic lamellar bodies of ani-
mals in groups 4 and 5 were smaller
and fewer in number than those of the
controls kept at sea level. These obser-
vations show that the fatty change of
the granular pneumocyte depends on
the severity of hypoxia. In hypoxia,
lipid vacuoles of the granular pneumo-
cyte are similar in morphological ap-
pearance to those of normal adipose
tissue (Fig. 2). Liver and kidney sec-
tions from animals of groups 4 and 5
showed similar fat vacuoles in the
hepatocytes and proximal convoluted
tubule cells. These vacuoles resemble
fat cysts described in cases of toxic
lesions of the liver (6).

Monge and Singh (7) have described
cases of high-altitude disease in which
severe respiratory failure occurs and
which may be related to alterations of
pneumocytes. The hypoxia-induced
fatty change in the granular pneumo-
cyte indicates that this cell accumu-
lates lipid material which may be a
precursor of surfactant. Surfactant al-
terations have not been studied in hy-
poxic adult individuals. The accumu-
lation of lipid material in the pneumo-
cyte must be considered a vacuole or
inclusion. These vacuoles may be re-
placing the lamellar bodies and do not

resemble degenerative cellular vac-
uoles, cytolysosomes, cytosomes, or
lysosomes. For unlike cytolysosomes

and lysosomes, which contain residual
membranes and myelin figures, hypoxic
lipid inclusions contain a homogeneous
material.
ENRIQUE VALDIVIA
JAYASHREE SONNAD
JAMES D’AMATO
Department of Pathology, University
of Wisconsin Medical School,
Madison 53706
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Thermal Stability of Threonine
in the Presence of a Marine
Polyphenolic Material

Abstract. The rate of decomposition
of threonine in 0.0IM aqueous solution
is unaffected by an equimolar concen-
tration of pyrocatechol, but is increased
by the addition of an extracellular poly-
phenolic material (3 mg/ml) produced
by Fucus vesiculosus. Glycine, a pyro-
Iytic product of threonine, behaves sim-
ilarly.

Some analyses of fossil amino acids
in hydrolyzates of carbonate exoskel-
etons, bone, and shale have yielded
evidence of a selective diagenetic de-
struction of amino acids; for example,
a more rapid destruction of serine,
threonine, and phenylalanine than of

glycine, alanine, valine, leucine, and
isoleucine (I/-3). On the basis of these
data and experimental studies on the
thermal stability of amino acids in
dilute aqueous solution a general par-
allel between geological and thermal
stabilities of amino acids has been pro-
posed (I, 3, 4).

In other cases, however, all of the
amino acids found in the proteins of
living organisms have been recovered
from fossil materials comparable in
kind and age to those mentioned above,
with little evidence of a fractional de-
struction (5). It has also been reported
that the thermal stability of amino
acids is greater when the acids are
complexed with clay minerals than
when they are present in dilute aqueous
solution (6), and that the stability se-
quence obtained by the pyrolysis of
natural shales differs from that based
on aqueous solutions (7). In the latter
case some of the least stable amino
acids in aqueous solution (for example,
serine, threonine, and ornithine) have
been found to be the most stable of
the amino acids naturally present in
shales.

Degens et al. (8) have recently doc-
umented the occurrence of amino acids
in petroleum brines. Although their
analyses were largely based on methods
for the determination of free amino
acids, they suggested that the amino
acids were not present in the free state,

Table 1. Recovery of 0.01M threonine (thr) and its ninhydrin-reactive pyrolytic products
when heated alone, in the presence of 0.01M pyrocatechol (P), and in the presence of
extracellular polyphenolic material (3.0 mg/ml) from Fucus vesiculosus (F). Concentrations

in moles per 100 initial moles of threonine.

Time Threonine Glycine Ammonia  N-recovery
(min) Contents pH (moles) (moles)  (moles) (%)
154°C
0 thr 100 0 0 100
0 thr + F 100 0 0 100
45 thr 100 Trace 0 100
45 thr + F 85 1 6 92
390 thr 95 3 0 98
390 thr 4+ F 79 5 18 102
1660 thr 80 16 5 101
1660 thr + F 62 20 20 102
174°C
0 thr 4 P 100
0 thr + F 6.60 100
60 thr 4+ P 5.91 92
60 thr + F 6.39 64
180 the + P 5.95 79
180 thr + F 6.62 53
199°C
0 thr 6.54 100 0 0 100
0 thr 4+~ F 6.04 100 0 ¢ 100
30 thr 6.92 54 44 4 102
30 thr 4+ F 6.15 27 19 31 77
60 thr 7.22 28 65 2 95
60 thr + F 6.44 15 50 21 86
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but rather linked to phenol- and qui-
none-containing heteropolymers. The
seemingly great stability of the brine
amino acids (occurrence in Paleozoic
formations) was attributed to such link-
ages.

The following experiments were
based on the assumption that the long-
term effects of polyphenolic compounds
on the thermal stability of threonine
could be approximated by “artificial
aging” experiments at elevated temper-
atures.

The polyphenolic material used was
“fraction B” of Fucus vesiculosus, a
reddish-brown  extracellular product
(yellow in dilute solution) isolated from
sea water in which healthy F. vesicu-
losus had been maintained for several
hours (9). “Fraction B” has several
properties in common with the yellow
substance (Gelbstoff) of sea water de-
scribed by Kalle (/0), and for that
reason was used as a convenient source
of its probable marine equivalent.

Sealed, oxygen-free tubes of 0.01M
threonine alone, 0.01M threonine in the
presence of 0.01M pyrocatechol, and
0.01M threonine plus 3.0 mg of “frac-
tion B” of F. vesiculosus per milliliter
were heated side by side for varying
times between 154°C and 199°C as de-
scribed (4). The weight ratio of “frac-
tion B” to threonine was approximately
3:1. After thermal treatment, 0.5-ml
portions were mixed with equal vol-
umes of 6N HCI and hydrolyzed for 3
hours at 100°C in capped centrifuge
tubes without loss of volume. The
brown precipitates that formed in the
tubes containing “fraction B” were re-
moved by centrifugation. Portions, 0.5
ml in volume, were then evaporated to
dryness to remove HCI and analyzed
on an amino acid analyzer (Spinco
120). In order to obtain values for am-
monia produced from threonine during
pyrolysis the small initial levels of am-
monia in hydrolyzates of unheated sam-
ples were subtracted from all experi-
mental results. No significant destruc-
tion of threonine was observed during
hydrolysis, either alone or in the pres-
ence of “fraction B.” As shown, glycine
appears as a pyrolytic product of threo-
nine under these conditions (4).

The concentrations of threonine,
glycine, and ammonia present after
varying times of pyrolysis are listed
in Table 1 together with pH values for
the tests at 174°C and 199°C. The
low recoveries of nitrogen in the form
of ninhydrin-reactive amino compounds
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in the 199°C series with “fraction B”
(thr + F) presumably reflect some
conversion of threonine-nitrogen into
unhydrolyzable or ninhydrin-unreactive
compounds. At 174°C the initial pH
of the thr 4+ F tubes was raised to
6.60 by addition of NaOH, and com-
parison was made to the thr + pyro-
catechol tubes of lower pH in order to
show the effect of reversing the usual
PH relationship. In all cases tested the
decomposition rate of threonine was
not affected by the presence of pyro-
catechol.

Threonine was invariably less stable
in the presence of “fraction B” than
in its absence, this relationship persist-
ing in the 174°C series in spite of the
pH reversal. In the “thr + F” series at
154°C and 199°C there was consist-
ently less glycine in relation to the
amount of threonine decomposed than
in the series with threonine alone
(Table 1). This suggests that the stabil-
ity of glycine was also decreased in the
presence of “fraction B.”

These experiments do not differenti-
ate between direct and indirect effects
of the polyphenol (the latter mediated
by its pyrolytic products) nor between
effects of phenolic as contrasted with
other groupings in the polymer. They

do show, however, that the stability of
threonine in 0.01M solution is de-
creased rather than increased by the
addition of one complex phenol-con-
taining polymer from the marine en-
vironment, a fact that may be of sig-
nificance in interpreting data on amino
acids in fossil brines.

J. R. VALLENTYNE
Division of Biological Sciences,
Cornell University, Ithaca, New York
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DNA Content of a Chromosome of Trillium erectum:

Effect of Cold Treatment

Abstract. The DNA (Feulgen) contents of a specific cold-treated (3°C) chromo-
some and of a control (25°C) were measured by means of photographic-plate
microdensitometry. Despite marked morphological alterations in the cold-treated
B chromosome of Trillium erectum, its DNA content was unchanged from that

of the control.

It is generally agreed that root-tip
chromosomes of Trillium erectum re-
act to cold treatment by developing
segments of reduced thickness and re-
duced susceptibility to Feulgen staining
at specific locations that are thought
to be heterochromatic. There is no
such agreement concerning the quanti-
tative effects of cold treatment on the
DNA of Trillium chromosomes. Con-
siderable reduction has been reported
(1) in amounts of DNA after growth
of roots of T. erectum at low tempera-
tures. Yet Woodard and Swift (2), us-
ing the same species, found no change
in content of DNA after cold treat-
ment and concluded that the cold seg-
ments resulted from local despiraliza-

tion. Since these studies were based
on microphotometric measurements of
whole nuclei, minute changes in
amounts of DNA after cold treatment
would be undetectable. Determinations
of DNA in a specific control and in
a cold-treated chromosome showing ex-
tensive cold segments might permit de-
tection of such minute differences, if
they exist. A procedure has been de-
veloped for measuring the DNA con-
tent of single Feulgen-stained chromo-
somes.

The amount of light-absorbent ma-
terial in minute and nonhomogeneous
biologic objects may be measured by
means of the highly accurate method
of photographic-plate microdensitome-
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