further broadens the range of related
hydrocarbon structures which spread
from a common source through the
marine environment.
- Max BLUMER
Davip W. THOMAS
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts
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Puromycin: Effect on Messenger
RNA Synthesis and B-Galactosidase
Formation in Escherichia coli 15T—

Abstract. Incubation of Escherichia
coli I5T— in the presence of puromy-
cin inhibits the inducible formation of
B-galactosidase to a greater extent than
it inhibits protein synthesis. In E. coli
33.00 B-galactosidase formation is also
more sensitive to the presence of
puromycin than is protein synthesis. In
the presence of glycerol (but not in
its absence) puromycin prevents the
production of messenger RNA for B-
galactosidase, presumably as a result
of catabolite repression.

Puromycin is a potent inhibitor of
protein synthesis in microorganisms
(I, 2) and mammalian cells (3). In
Escherichia coli 15T~, puromycin in-
hibits protein formation while allowing
ribosomal and transfer RNA (2) to
accumulate. The present investigation
was initiated to determine whether
puromycin would also allow messenger
RNA (mRNA) to be formed in its
presence. Thus the ability of puromy-
cin to affect induced synthesis of g-
galactosidase was studied. Although
formation of this enzyme is inhibited
by the antibiotic, evidence is present-
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ed indicating that puromycin does not
suppress synthesis of mRNA for g-
galactosidase.

Puromycin apparently inhibits §-ga-
lactosidase formation to a greater ex-
tent than it inhibits total protein syn-
thesis. This preferential inhibition of
the enzyme synthesis was demonstrated
in the following way. Cell crops of
E. coli 15T— were grown overnight
(17 to 19 hours) on a basal salt me-
dium (4) containing glycerol (0.1 per-
cent). After harvesting and resuspend-
ing the bacteria in fresh medium con-
taining glycerol, two cultures, both
containing puromycin (45 ug/ml), were
prepared. To one, leucine-C!* was
added; and to the other, thiomethyl-
galactoside (TMG) (5 X 10—%M), an
inducer of B-galactosidase, was added.
Total protein synthesis was determined
by measuring the incorporation of
leucine-C!4. Samples were taken at in-
tervals and added to an equal volume
of cold (0°C) 10 percent trichloro-
acetic acid (TCA). The precipitates
were collected on Millipore filters (0.45-
w pore size), washed six times with
5 percent TCA (containing unlabeled
leucine), glued to aluminum planchettes,
dried, and counted in a Nuclear Chi-
cago gas flow counter (5). Beta-galacto-
sidase was measured in cells that had
been treated with toluene by the meth-
od of Cohn and Torriani (6). Although
leucine-C'# incorporation was inhibit-
ed by only 50 percent, the induced
synthesis of [B-galactosidase was sup-
pressed more than 90 percent (Fig.
1, a and b). These results suggested
that either the induction process or
some step in the synthesis of the en-
zyme was particularly sensitive to the
antibiotic.

As an explanation for the re-
sults obtained the induction process
was ruled out by studying the effect
of puromycin upon g-galactosidase for-
mation and protein synthesis in
E. coli 33.00, which produces the en-
zyme constitutively. In this case, also,
leucine-C'* incorporation was inhibit-
ed to a lesser extent than was enzyme
synthesis (Fig. 1, ¢ and d). Thus, the
selective effect produced by puromycin
upon B-galactosidase formation is not
due to a direct influence upon the
process of induction. In order to ex-
amine the situation in more detail,
the following experiments were per-
formed.

Suspensions of E. coli 15T~ were
harvested, washed, and resuspended in

Table 1. Influence of puromycin upon the
synthesis of mRNA specific for g-galactosid-
ase in E. coli 15T-,

In;‘;g;l:? n Glycerol f;ﬁ::f
(units/ml)
Control + 73
Puromycin + 13
Control 0 74
Puromycin 0 73

*TMG (5 X 10-*M) was added to the incuba-
tion media 5 minutes after the addition of puro-
mycin (22 wg/ml). Incubation continued for 2
minutes; the cells were then washed with cold
buffer (0° to 4°C) on a Millipore filter. Cells
were resuspended in warm media and then in-
cubated for 18 minutes. Enzyme activity deter-
mined according to Cohn and Torriani (6).

basal medium lacking Mg ion. The ab-
sence of this ion makes the cells
more sensitive to puromycin (2). Thio-
methylgalactoside was then added
to cell suspensions, and the incuba-
tion was continued at 37°C. At inter-
vals thereafter puromycin (20 pg/ml)
was added, and pB-galactosidase was
measured at S-minute intervals. After
the addition of puromycin, enzyme ac-
tivity increased for about 10 minutes
and then remained constant (Fig. 2a).
If the incorporation of tryptophan-
C'* was measured under the same con-
ditions, no significant amount of in-
hibition of protein synthesis was ob-
served until after 10 minutes in the
presence of the antibiotic (Fig. 2b).
Thus, the effect upon g-galactosidase
appears much greater than the effect
on overall protein production. A pos-
sible explanation for these observa-
tions is that the inhibition of produc-
tion of [-galactosidase which occurs
after the addition of puromycin re-
sults from cessation of mRNA syn-
thesis specific for this enzyme.

In order to eliminate the possibility
that the constant amount of enzyme
might only reflect an instability of the
enzyme in the presence of puromycin,
a suspension of E. coli was treated
with TMG for 30 minutes, washed
free of inducer, and resuspended in
basal medium lacking magnesium. Pu-
romycin was added to this suspension,
and samples were removed for estima-
tion of enzyme content. Under these
conditions, puromycin did not alter the
enzyme activity achieved during the
treatment with TMG, and even after
60 minutes the degree of enzyme ac-
tivity was still essentially unaffected by
puromycin. Thus, puromycin does not
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affect either the stability or the activity
of the enzyme.

To measure the influence of puro-
mycin upon mRNA, experiments were
performed to separate the protein syn-
thesizing step from the formation of
mRNA. Since extensive inhibition of
protein synthesis in E. coli K12 in
the presence of glycerol allows sup-
pression of mRNA synthesis for pg-
galactosidase formation (7), an exami-
nation was made of the influence of
puromycin (in the presence and ab-
sence of glycerol) upon the first stage
of transcription during a time when
protein synthesis is not inhibited. Sus-
pensions of E. coli 15T— were grown
in basal medium lacking magnesium in
the presence and absence of glycerol
(0.1 percent). Each group of cells was
treated with puromycin while the con-
trols were incubated in the absence of
antibiotic. The effect of TMG was ex-
amined in these various systems for its
ability to produce messenger RNA. Af-
ter addition of TMG the cells were
incubated for 2 minutes and then
washed with cold media on Milli-
pore filters to remove inducer and
inhibitor. The filtered bacteria were re-
suspended in warmed media containing
glycerol, and the incubation was con-
tinued for an additional 18 minutes.
During the second incubation, the exist-
ing messenger expresses itself as en-
zyme. After resuspension of the bac-
teria, no further messenger can be
formed because of the absence of in-
ducer. All enzyme which is formed,
consequently, is due to the accum-
ulation of messenger material made
only in the presence of the in-
ducer. Puromycin does not influence
the production of mRNA in the first
phase of transcription if glycerol is
absent from the medium (Table 1). If
glycerol is added to the medium, the
presence of puromycin allows suppres-
sion of mRNA formation although pro-
tein synthesis is only slightly affected
during this period (Fig. 2b). These re-
sults suggest that puromycin, in the
presence of glycerol: (i) allows the ac-
cumulation of a substance which sup-
presses the synthesis of mRNA specific
for B-galactosidase, or (ii) allows great-
er than normal destruction of mRNA.

Thus the suppression of the g-
galactosidase synthesis in the puromy-
cin-treated cells results from an in-
hibition of the first step in transcrip-
tion, namely mRNA formation. The
complete inhibition of pB-galactosidase
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messenger synthesis may result from
catabolite repression (8) and is mani-
fest before significant inhibition of pro-
tein formation has occurred. These
data with puromycin are in accord with
the findings of Paigen (9), who re-
ported that chloramphenicol suppressed
induced enzyme formation while pro-
tein synthesis was unaffected.

BrucE H. SELLs
St. Jude Hospital and
University of Tennessee, Memphis
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Fatty Acids in Blue-Green
Algal Mat Communities

Abstract. The concentrations of the
major fatty acids were determined for
the varied layers of an algal mat com-
munity. The living mat contains sub-
stantial amounts of the unsaturated
acids, while the underlying layers be-
come progressively depleted in un-
saturated molecules. A similar progres-
sive increase in the ratio of saturated
to unsaturated acids was detected in a
sediment core from a hypersaline
lagoon.

The fatty acids are major compo-
nents of all living organisms. As such
they may be an important source mate-
rial for petroleum and perhaps for the
ubiquitous kerogen. Fatty acids have
been found in recent and ancient sedi-
ments by Cooper and Bray (7) and by
Abelson et al. (2). However, the
chemical procedure of Cooper and Bray
excluded unsaturated acids. The algal
mats and their associated sediments
provide a natural laboratory in which
to test the relative survivability of dif-
ferent fatty acids.

Extensive algal mat communities in
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the Texas lagoons and mud flats de-
velop in water from 1 to 50 centimeters
deep. Many organisms are present in
the mat but the biomass is largely made
up of the filamentous blue-green algae,
Lyngbya confervoids (3). Well-de-
veloped communities have a structure
which is of use to the geochemist. The
living mat covers the mud bottom like
a sheet of leather. Directly under the
living mat is a layer of black mud at
times a few centimeters thick. The re-
mains of a former mat are under the
first mud layer, and they too have a
mud layer under them. This pattern of
mat and mud repeats itself. In the sam-
ples taken for study, the living mat, two
former mats, and two mud layers were
distinct. All samples were frozen at the
time of collection and kept frozen until
used.

The analytical procedure was de-
signed to detect fatty acids containing
12 to 20 carbon atoms. Care was taken
to minimize decomposition of the un-
saturated acids. The frozen sample was
treated with dilute HCI to remove car-
bonate. After filtration the moist sample
was treated with methanol for 15 min-
utes while being stirred and subjected
to ultrasonic vibrations. The methanol
was recovered by filtration. The sample
was treated with chloroform and again
stirred and subjected to ultrasonic vi-
brations. The recovered chloroform was
combined with the methanol, and the

-mixture almost completely dried with a

rotating evaporator. This residue was
taken up in chloroform and washed
with 1N HCI to remove inorganic salts.
The chloroform was dried under a
stream of dry nitrogen. After saponifi-
cation with potassium hydroxide, im-
purities were removed by extracting the
basic alkaline solution with chloroform.
Finally the alkaline solution was acidi-
fied, and the fatty acids were extracted
into chloroform. The methyl esters
were prepared with BF, (4).

The methyl esters were identified
and measured by gas chromatography
on a diethelyene glycol succinate col-
umn (5). Either an Aerograph 202 or
an F & M model 400 instrument was
used. The chemical yields for the pro-
cedure were good, 75 to 95 percent as
determined with the use of carbon-14—
labeled palmitic acid. The organic car-
bon content of the sediments was deter-
mined by combustion with CuO on a
vacuum line, freezing out the CO,,
and allowing it to expand against a
calibrated manometer.

Detector Response

T T
[o] 6 12

Time (min)

Fig. 1. Gas chromatogram of methyl esters
of fatty acids from algal mat: 1, the living
mat; 2, first mud layer; 3, second mud
layer.

All recent sediments examined thus
far are rich in fatty acids (Table 1).
All the molecules identified are those
which have even numbers of carbon
atoms, and which are usually found in
organisms. A few unidentified peaks
have been encountered, but they do not
correspond to any straight-chain fatty
acids with even or odd carbon numbers.
In the algal mat acids the most striking
observation is the systematic change in
the ratio of saturated to unsaturated
acids (Fig. 1).

The living mat is rich in the un-
saturated acids, especially oleic acid.
The relative survivability of the differ-
ent acids is proportional to the degree
of unsaturation. This suggests that
chemical interactions, such as poly-
merization, among the organic com-

Table 1. Concentration of the major fatty
acids in recent sediments expressed as parts
of fatty acid per million parts of organic
carbon of each sediment. n.d., not detected.

Organic
. C, C C
Location carbon 16 10 18 8
(%) 0)* (1) (0) (1)
Harbor Island algal mat

Living mat ¥ 32 3100 560 130 1200
1st mud layer 1.1 1200 330 180 330
2nd mud layer 0.84 200 23 97 n.d.

Baffin Bay core
0-10 cm 2.0 149 53 53 89
37-41 0.85 192 35 35 50
60-64 1.1 154 6 58 20

* Numbers in parentheses indicate the number
of double bonds. t The living mat contained
296 ppm Cis(2) and 31 ppm Cis(3).
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