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Yeast extract was treated with tyrosine decarboxylase and used to prepare a
rich, complex medium virtually free of tyrosine. The medium supported maximal
growth rates for Escherichia coli prototrophs, as well as for defined and undefined
auxotrophs. It has made possible the efficient radiochemical labeling of cells
growing optimally in complex medium and the characterization of mutants with
undefined requirements. Similarly prepared media may be useful for the study of
fastidious organisms and organisms for which no defined medium has been

described.

Oeschger and Berlyn found that many of the
temperature-sensitive mutants of Escherichia
coli which they isolated after mutagenesis carry
uncharacterized nutritional requirements (13).
This observation is not surprising, since Adel-
berg and others (1, 6, 7, 9, 11) observed that
potent mutagens, such as N-methyl-N’-nitro-N-
nitrosoguanidine, have the potential to produce
multiple mutations. These additional lesions
hinder the genetic and biochemical characteri-
zation of the mutation of interest in the isolates,
especially when a defined medium is required.
This problem has been circumvented, with re-
spect to the radiochemical labeling of cell pro-
teins, by the preparation of a complex medium
containing yeast extract deficient in one amino
acid, tyrosine.

The tyrosine was removed from yeast extract
by incubation with the enzyme tyrosine decar-
boxylase. This treatment selectively removed at
least 98% of the tyrosine. Supplementation of a
defined medium with the treated extract sup-
ported optimal growth of most prototrophic and
auxotrophic strains of E. coli tested and enabled
the efficient radiochemical labeling of their pro-
teins. This medium can also be used for the
efficient labeling of nucleic acids.

MATERIALS AND METHODS

Organisms. JC1552, a K-12 derivative isolated by
A. J. Clark (2) and obtained from K. B. Low, was used
for most of the experiments reported in this paper.
The strain is a multiple auxotroph and requires leu-
cine, tryptophan, histidine, arginine, and methionine
for growth. Many of the experiments were also carried
out with MX386 (14) and MX554, a P1 prophage-
cured isolate of MX386 which also requires methio-
nine, and MX399, a strain closely related to MX554
but derived from MX396 (14).

Media. The base medium for all liquid cultures
consisted of medium E (15), supplemented to 0.2%
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glucose and 0.6 mM tryptophan, and 1 mM each
leucine, isoleucine, valine, histidine, proline, threonine,
arginine, aspartate, glycine, glutamate, serine, gluta-
mine, asparagine, lysine, methionine, and alanine.
Where indicated, this medium was further supple-
mented with either yeast extract or a tyrosine decar-
boxylase-treated preparation of yeast extract. Plate
cultures were carried out on G agar, which was com-
posed of 1% tryptone, 0.1% yeast extract, 0.25% NaCl,
and 1.5% agar.

Preparation and treatment of yeast extract. A
20% (wt/vol) solution of yeast extract was prepared in
deionized water by adjusting the pH to 5.5 with HCL.
The particulate matter, often too fine to be visible to
the naked eye, was removed by centrifugation (40,000
X g for 20 min), and the supernatant was collected and
filter sterilized (0.45-um nitrocellulose filter). Attempts
to remove the particulate matter by filtration with
paper designed to collect very fine precipitates (such
as Whatman no. 50) were only partially successful.
Tyrosine decarboxylase suspended in the same yeast
extract solution was added directly to the filter-steri-
lized solution of yeast extract (25 U/500 ml) and
incubated at 37°C without further sterilization. A sig-
nificant amount of the tyrosine decarboxylase did not
dissolve in the yeast extract solution. This material
was better left in suspension because its removal (by
filtration) dramatically reduced the rate at which the
tyrosine was degraded. The reaction was terminated,
after the particulate matter contributed by the tyro-
sine decarboxylase was removed (0.45-um filtration),
by heating at 121°C for 20 min. The treated yeast
extract was stored at either —20°C (long-term storage)
or 4°C (short-term storage).

Monitoring the removal of tyrosine from yeast
extract solutions. Since tyrosine decarboxylase spe-
cifically releases the carboxyl carbon from the mole-
cule (4), we followed the breakdown of tyrosine with
[carboxyl-'*C]tyrosine added to portions of the reac-
tion mixture. The initial rate of decarboxylation was
assayed by a method adapted from that of Buhler (5).
The portions were incubated in closed tubes, the re-
action was terminated at the desired times by the
addition of H,SO,, and the released CO, was trapped
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in a piece of filter paper impregnated with Protosol.
The amount of “CO. released was then quantitated
by counting the papers in scintillation fluid.

The extent of the reaction was monitored by taking
0.5-ml portions from a volume of the same reaction
mixture containing ['“C]tyrosine as described above
and transferring them directly to dry, empty scintil-
lation vials. The samples were acidified by the addition
of 25 pl of concentrated H;SO, and incubated at room
temperature for at least 1 h to allow for the release of
“CO,. A 10-ml amount of Biofluor was added and the
samples were counted.

Cultivation of cells. Liquid cultures, started from
cells freshly grown at 25°C on G agar plates, were
grown at 37°C with vigorous aeration. The initial
density of the cultures never exceeded 10° cells per ml,
and the cells were usually diluted at least one time and
allowed to regrow before any experimental work be-
gan.
Incorporation of radiochemicals. Log-phase cul-
tures were used for the isotope incorporation experi-
ments. The incorporations were terminated by mixing
samples with 10 volumes of ice-cold 5% trichloroacetic
acid. The samples were held at 4°C for a minimum of
10 min, and the precipitates were collected on GFA
(Whatman) filters and washed with 5% trichloroacetic
acid and ethanol (twice with each). The disks were
dried and counted.

Analytical procedures. Unless otherwise noted,
all samples were counted on GFA filters in 5 ml of
scintillation fluid {56.0 g of 2,5-diphenyloxazole (PPO)
and 0.1 g of 1,4-bis[2]-(5-phenyloxazolyl)benzene (PO-
POP) per liter of toluene} with an Intertechnique
scintillation spectrometer. The cell densities were
monitored at 600 nm with a Coleman Junior 1I spec-
trophotometer, and cell numbers were calculated from
a standard curve relating absorbance to colony-form-
ing units.

Chemicals. Yeast extract (lot no. 575449 and
590523) and tryptone were purchased from Difco Lab-
oratories. Tyrosine decarboxylase (lot no. 46A151) was
purchased from Worthington Biochemicals. L-Amino
acids of the highest purity were purchased from Sigma
Chemical Co. [U-"*Cltyrosine (specific activity, ca. 500
mCi/mmol) was a product of Amersham/ Searle, and
[carboxyl-'*Cltyrosine  (specific  activity, 54.6
mCi/mmol) and [*Hluridine (specific activity, 36.7
Ci/mmol) were products of New England Nuclear
Corp. New England Nuclear also supplied the POPOP,
PPO, Protosol, and Biofluor used in this work. All
other chemicals were of reagent grade.

RESULTS

Preparation of digested yeast extract.
Yeast extract solutions (20%) were prepared for
decarboxylation as described above. The prog-
ress of the decarboxylation was monitored by
addition of [carboxyl-'*C]tyrosine to portions of
the yeast extract-tyrosine decarboxylase suspen-
sion. The initial rate of decarboxylation was
determined by capturing and quantitating the
4CO, released. Projections from these results
suggested that, under the conditions used, all of
the tyrosine would be removed within 24 h.
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Direct measurement showed that only 2% of the
label remained in the yeast extract at this time.
Further incubation did not reduce the level of
residual label, nor did the addition of more en-
zyme, more nonradioactive tyrosine, or more
undigested yeast extract. I then confirmed, by
observing the rapid decarboxylation of addi-
tional [carboxyl-'*Cltyrosine introduced into a
portion of the reaction mixture, that the tyrosine
decarboxylase retained activity. These results
indicate that the residual radioactivity might
not have been tyrosine and that the removal of
tyrosine was at least 98% complete. The treat-
ments were routinely carried out for 24 to 36 h
to ensure that the reaction had gone to comple-
tion.

The reaction was terminated by heating at
121°C. Incubation of a portion of the heat-
treated medium with [carboxyl-"Cltyrosine re-
sulted in the release of less than 0.05% of the
radioactivity in 16 h, indicating that little or no
tyrosine decarboxylase activity remained after
this treatment.

The treated medium was stored at either —20
or 4°C and its pH was adjusted just before use.
Once the pH was raised into the range of 6.8 to
7.2, the 20% yeast extract solutions slowly accu-
mulated precipitate.

Chemical characterization. Amino acid
analyses of yeast extract before and after treat-
ment confirmed that the majority of the tyrosine
had been removed (Table 1). More importantly,
the incubation of yeast extract with tyrosine
decarboxylase had little or no effect on the levels
of the other amino acids (Table 1).

Biological characterization. Medium E,
supplemented with dextrose and amino acids as
described in Materials and Methods, was used
as the base medium for all of the experiments.
The addition of yeast extract to this base me-
dium markedly enhanced the rate of growth of
E. coli cells, reducing the mean generation times
by 25 to 30% (Table 2). The treatment of the
yeast extract had no effect on its ability to
stimulate the growth of the bacterial strains
tested (Table 2). Full stimulation of growth was
obtained with 0.2% yeast extract supplementa-
tion, and concentrations up to 0.8% did not affect
this rate (Table 3). A 25-fold dilution of expo-
nentially growing cells with base medium sup-
plemented with 0.8% treated yeast extract pro-
duced no lag or alteration in growth rate (data
not shown). These results indicate that treat-
ment of the yeast extract with tyrosine decar-
boxylase did not remove any growth-stimulating
component(s) or generate any toxic product(s).

I next compared the incorporation of radiola-
beled tyrosine into cells growing in the base
medium and in the base medium supplemented
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to 0.4% treated or untreated yeast extract. The
medium supplemented with the treated yeast
extract was superior in tyrosine incorporation to
both the medium supplemented with the un-
treated yeast extract and the base medium with-
out supplementation (Fig. 1). Hence, supple-
mentation of the defined medium with treated
yeast extract not only enhanced the rate of cell
growth, but, for reasons that are not clear, stim-
ulated to an even greater extent the rate of

TABLE 1. Amino acid composition of untreated and
tyrosine decarboxylase-treated yeast extract

RICH MEDIUM FOR RADIOCHEMICAL LABELING

Relative concn®

Amino acid (nmol/ml)
Untreated® Treated®
Ala ... .. ... ... .. 185.04 182.95
Arg ....... ... ... 911.66 803.33
Asp .............. 49.06 48.73
Glu .............. 96.34 94.59
Gly .............. 4495 44.55
His .............. 0.47 0.49
e ............... 40.90 39.73
Leu ........ .. .. .. 68.64 66.61
Lys .............. 47.28 45.76
Met ... ... ... ... 16.01 15.64
Phe ... .. .. .. .. ... 33.05 29.45
Pro .............. 61.73 80.00
Ser ... ... ... .. .. 67.26 66.37
Thr ............ .. 36.31 36.27
Trp............ .. 2.61 2.70
Tyr .............. 6.25 —
Val .. .. ... ... . .. 2.70 2.58

¢ Values were obtained with 1:2,000 dilutions of 20%
yeast extract solutions. The determinations were made
with a Beckman model 121-M amino acid analyzer
fitted with an Autolab printing integrator.

® Before analysis, samples of the 20% yeast extract
solutions were precipitated with equal volumes of 10%
trichloroacetic acid. After the solutions stood at 4°C
for 20 min, any precipitate which may have formed
was removed by centrifugation (none was detected).
The trichloroacetic acid was removed by three water-
saturated diethyl-ether extractions, and the residual
ether was removed by evaporation. Trichloroacetic
acid-precipitated samples were diluted an additional
1,000-fold before analysis.

¢ —, Not detectable.
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[*“Cltyrosine utilization (cf. Table 2 and Fig. 1).
Incorporation began immediately after the ad-
dition of tyrosine, and the rate remained con-
stant until at least 50% of the tyrosine was
incorporated (Fig. 1). The initial rate of tyrosine
incorporation by cells which had been cultured
in the medium was proportional to cell density
(Fig. 2). In contrast, just after dilution with fresh
treated medium, the incorporation was not pro-
portional to cell density (Fig. 3), whereas a sim-
ilar dilution with treated medium which had
previously been used for cell culture gave pro-
portional results (data not shown). I conclude
from these results that the treated yeast extract
contained either residual tyrosine or an inhibitor
of tyrosine uptake which was removed by grow-
ing cells.

Figure 4 shows the effects of the level of yeast
extract supplementation on the rate of incorpo-
ration of added radiochemically labeled tyrosine.
The culture growing in medium supplemented
with 0.8% treated yeast extract showed a re-
duced rate of uptake compared with that of the
companion cultures, but no change in the extent
of incorporation (Fig. 4a). After an additional
cell doubling, this effect disappeared (Fig. 4b).
These results are consistent with the treated
yeast extract containing an inhibitor of tyrosine
uptake which was removed by cell growth. In
addition, the medium must contain some resid-
ual tyrosine because tyrosine auxotrophs of E.
coli formed microcolonies on plates supple-
mented with treated yeast extract. An estimate
of the maximal amount of residual tyrosine in
the treated yeast extract can be made from the
data in Fig. 3 by assuming that the reduction in
the rate of incorporation was due solely to resid-
ual tyrosine and not to an inhibitor of tyrosine
uptake. A plot of the dilution of the specific
activity of the [*C]tyrosine (calculated by divid-
ing the maximum relative incorporation per cell
per minute by the observed relative incorpora-
tion per cell per minute) versus the amount of
treated yeast extract added gave a straight line.
The slope of the line gives the level of tyrosine
in the treated medium and indicated that, at

TABLE 2. Effect of yeast extract supplementation of the defined base medium® on the mean generation times
of three E. coli strains

Mean generation time (min)® for:

Yeast extract
added JC1552 MX554 MX399
(%)
Untreated Treated Untreated Treated Untreated Treated
None 40.0 £ 0.7 40.0 £ 0.7 480 £ 1.6 480+ 1.6 50.0 + 4.0 50.0 + 4.0
0.4 31.7+18 28.7 £ 0.4 325+ 04 335+ 04 36.7 £ 0.8 360 + 14
0.8 26.0 + 0.8 270 £ 2.0 320+ 08 32.0 £ 0.0 35.0 £ 0.8 36.0 £ 0.8

2 The defined base medium was as described in the text.
% Average values from three or four independent determinations of log-phase cultures growing at 37°C.
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TABLE 3. Effect of the amount of treated yeast
extract supplementation of the defined base
medium® on the mean generation time of strain

OESCHGER

JC1552
Amt of treated yeast ex- Mean generation time

tract (mm)’

(%)

0 40.0 £ 0.7
0.1 34.0 £ 2.5°
0.2 280 £ 1.6
0.3 280+ 14
04 29.0 £ 0.8
0.6 290 + 1.2
0.8 275+ 04

® The defined base medium was as described in the
text.

® Average values from three independent determi-
nations of log-phase cultures growing at 37°C.

¢ This generation time was maintained throughout
log-phase growth.

With Treated
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L]
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Alone
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1 L I i 1
0 1 2 3 ) 5 6

Time of Incorporation (min)

FiG. 1. Incorporation of [**C]tyrosine by strain
JC1552. JC1552 was grown at 37°C in base medium
«lone and in base medium supplemented to 0.4% with
either treated or untreated yeast extract. When the
cultures reached a density of 4 X 10° cells per ml, 10
ul of tyrosine (50 uCi/ml) was added per 0.8-ml cell
culture. At the times indicated, 0.1-ml portions of the
culture were withdrawn and added to ice-cold 5%
trichloroacetic acid, and the precipitates were col-
lected, washed, and counted as described in the text.

most, 4.3 nmol of tyrosine remained per ml of
0.4% treated yeast extract. Growth to 4 x 10°
cells per ml from an inoculum of 1 X 10° cells
per ml (hence a net increase of 3 X 10° cells per
ml) was sufficient to remove any residual tyro-
sine and inhibitors of tyrosine uptake from 0.4%
yeast extract solutions (Fig. 2 and 4).
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When more radioactive tyrosine was added,
more time was required for 50% incorporation
(Fig. 5). The line connecting the points in Fig. 5
did not extrapolate to zero, but to a value indi-
cating the presence of an amount equivalent to
1.5 nmol of nonradioactive tyrosine per ml. This
value should approximate the size of the intra-
cellular tyrosine pool, because the cells had been
grown to a level where all extracellular tyrosine
should have been exhausted. In terms of carry-
ing out efficient pulse-labeling experiments, the
level of tyrosine in the cell did not pose a prob-
lem. When as little as 0.6 nmol of radioactive
tyrosine was added per ml of culture, it was
rapidly and efficiently incorporated, with 50%
utilization taking place in approximately 30 s
(Fig. 5).

Another feature of the medium supplemented
with treated yeast extract was that it permitted
the radiochemical labeling of RNA with uridine.
Although increasing levels of yeast extract sup-
plementation decreased the rate of uridine in-
corporation, the rates remained sufficiently high
for most experimental procedures (Fig. 6).

0.8

min~Y for 1/2 Maximal 1ncorp.)

o
o
-

Rate of [“C] Tyrosine Incorporation in the Culture

o
~
T

i 1 i L
0 2 4 6 8

Cell Density tcelts x108/mn

FiG. 2. Rate of [**C]tyrosine incorporation as a
function of cell density. Strain JC1552 was grown at
37°C in base medium supplemented to 0.4% treated
yeast extract from initial inocula of 10° cells per ml.
Ten microliters of [*C]tyrosine (50 uCi/ml) was
added to parallel 0.8-ml cultures when they reached
densities of 4 x 10° and 8 x 10° cells per ml. Portions
(0.1 ml each) were removed at the times indicated in
Fig. 1 and were treated with 5% trichloroacetic acid;
the precipitates were collected, washed, and counted
as described in the text. Each rate of incorporation
was determined by taking the reciprocal of the time
required for half-maximal incorporation.
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FiG. 3. Effect of cell density and medium on
[*C]tyrosine incorporation. Strain JCI1552 was
grown at 37°C in base medium supplemented to 0.4%
treated yeast extract to a density of 8 X 10° cells per
ml. Portions of the culture were diluted, as indicated
on top of the figure, into fresh, prewarmed 0.4%
treated medium. Cell densities after dilution are in-
dicated at the bottom of the figure. After an equili-
bration time of 3 min, 4 ul of [**C]tyrosine (50 uCi/mli)
was added to each of the cultures (0.5 ml). Incorpo-
ration was terminated after 1 min by the addition of
5% trichloroacetic acid. The precipitates were col-
lected, washed, and counted as described in the text.
(-----) Curve expected if the medium were free of
tyrosine or an inhibitor of tyrosine uptake.

DISCUSSION

Choice of amino acid. Tyrosine was chosen
for this work for a number of reasons. First,
tyrosine is a biochemical end product and not
normally an intermediate in any microbial met-
abolic pathway; thus the label in tyrosine is
transferred specifically into protein. Second, ty-
rosine is rapidly taken up and efficiently utilized
by prototrophic strains of E. coli (J. Majors and
M. P. Oeschger, unpublished data). This allows
the use of prototrophic strains of E. coli in
protein labeling experiments without requiring
washings, cell transfers, or other special manip-
ulations. Third, tyrosine can be removed from
complex mixtures by a gentle, specific, and sim-
ple enzymatic procedure employing tyrosine de-
carboxylase. This enzyme is active under mild
conditions (pH 5.5) and has no special require-
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ments (such as a metal, which would remain to
adulterate the treated medium). The enzyme
does require pyridoxal phosphate (10), but, when
prepared from cells grown in the presence of
pyridoxine derivatives, the enzyme is fully active
without any special additions (3, 4). One of the
products of its reaction, CO,, is volatile, and so
under acidic conditions the reaction is driven
toward completion. The other product, tyra-
mine, does not appear to interfere with the up-
take or utilization of exogenous tyrosine. The
tyrosine decarboxylase preparation itself does
not contribute significantly to the composition
of the medium since only minute amounts of the
enzyme are required. Finally, tyrosine is com-
mercially available as a radiochemical with high
specific activity (both °H and C), which makes
it an effective amino acid for protein labeling.
Since tyrosine contains nine carbon atoms, a
higher *C specific activity can be obtained with
uniformly labeled tyrosine than with most of the
other amino acids. This fact helps to compensate
for the lower-than-average molar abundance of
tyrosine in most proteins (12).

Composition of the complex medium. Ini-
tially, I attempted to pattern the treated me-
dium after R broth (8), a medium routinely used
in my laboratory. Preliminary experiments with
the two complex components of the medium,
yeast extract and tryptone (Difco), showed in-
complete decarboxylation of the tyrosine in the
tryptone. Oeschger and Berlyn (unpublished
data) found that they could enzymatically re-
move the tyrosine from Casamino Acids (Difco)
and therefore substituted Casamino Acids for
tryptone. Treated yeast extract-Casamino Acids
medium (13) was used for some time until a
batch of Casamino Acids (Difco lot no. 601802)
was obtained which apparently contained an
inhibitor of tyrosine decarboxylase. A mixture of
amino acids, as listed in Materials and Methods,
was then substituted for the Casamino Acids.
Yeast extract and amino acids at the levels used
do not possess strong buffering potential, so the
medium presented here was based on a well-
buffered, chemically defined medium, medium
E. The defined medium, when supplemented
with glucose or glycerol, satisfies the carbon,
nitrogen, and ionic requirements of the cells and
so permits latitude in the level of yeast extract
supplementation. Other defined media may be
substituted.

The problems associated with the removal of
tyrosine from tryptone and Casamino Acids
have never been encountered with yeast extract.
(The numbers of two recently used lots are listed
in Materials and Methods.) The base medium
supplemented with treated yeast extract has
been used for the successful culture of hundreds
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FiG. 4. Effects of cell density and concentration of treated yeast extract on [*C]tyrosine incorporation.
Strain JC1552 was grown at 37°C in the base medium supplemented to 0.1%, 0.4%, or 0.8% treated yeast
extract from inocula of 10P cells per ml. Ten microliters of [*C]tyrosine (50 pCi/ml) was added to each of the
cultures (0.8 ml) and, at the times indicated, 0.1-ml portions were removed to 5% trichloroacetic acid. The
precipitates were collected, washed, and counted as described in the text. Cultures were at a density of
(a) 4 X 10° or (b) 8 X 10° cells per mi. Symbols: (@) 0.1%, (O)) 0.4%, and (O) 0.8% yeast extract supplementation.
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Tyrosine Added (nmol/ ml)

FiG. 5. Effect of the amount of tyrosine added on
the rate of tyrosine incorporation. Strain JC1552 was
grown in base medium supplemented to 0.4% with
treated yeast extract. When the culture density
reached 8 X 10° cells per ml, 5, 10, 20, 30, or 50 ul of
[*CJtyrosine (50 uCi/ml) was added to each of the
five parallel 0.8-ml cultures, and 0.1-ml portions were
removed at the times indicatd in Fig. 1 to 5% trichlo-
roacetic acid. The precipitates were collected,
washed, and counted as described in the text. Each
time for one-half of maximal incorporation was de-
termined from plots of incorporation versus time.

w
=3
=3

~
=3
=3

—
13
=3

Time for 1/2 Maximal Incorporation (sec)

0 0.2 0.4 0.6 0.8
Level of Treated Yeast Extract (%)

F1G. 6. Effect of the level of treated yeast extract
on the rate of [’HJuridine incorporation. Strain
MX399 was grown in base medium alone and base
medium supplemented to 0.3 and 0.8% with treated
yeast extract. When the cultures reached a density of
6 x 10° cells per ml, 10 pl of ["H]uridine (1 mCi/ml)
was added to each of the three 1.0-ml cultures. At
various times 0.1-ml portions were withdrawn to 5%
trichloroacetic acid. The resulting precipitates were
collected, washed, and counted as described in the
text.
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of nitrosoguanidine-induced mutant strains of E.
coli (G. T. Wiprud and M. P. Oeschger, unpub-
lished data). Many of these isolates cannot be
cultured in defined medium with either amino
acid or Casamino Acids supplementation alone.

Properties of the treated yeast extract.
Although chemical analysis of the treated yeast
extract suggested that all of the tyrosine had
been removed, biological characterization indi-
cated that a small amount remained (up to 4.3
nmol/ml of medium containing 0.4% treated
yeast extract). The residual tyrosine and any
components which might inhibit the uptake of
tyrosine were removed by growing cells in the
medium. An increase of less than 3 x 10° cells
per ml apparently removed these components
from media containing up to 0.4% treated yeast
extract. Higher levels of yeast extract required
additional cell growth before optimal incorpo-
ration was obtained (Fig. 4).

Specific advantages of the medium. The
removal of tyrosine from yeast extract as de-
scribed in this report provides a simple and
inexpensive way to prepare a very rich medium
for specific radiochemical labeling. This medium
will support a broad range of auxotrophic strains,
including nutritional mutants which arise as a
result of mutagenesis. The medium also supports
a maximal growth rate, thus permitting experi-
ments which require extensive cell multiplica-
tion to be carried out easily in one day, even at
nonoptimal temperatures. The medium also al-
lows radiochemical labelings for the study of the
physiology and gene expression of cells growing
optimally in a rich, complex medium.

Yeast extract is known to contain limiting
amounts of thymine (K. B. Low, personal com-
munication), and media containing yeast extract
have been used without special treatment for
the labeling of DNA with thymidine (J. E.
Cronan, Jr., personal communication). I have
shown that RNA can be efficiently labeled with
uridine in treated, yeast extract-supplemented
medium. These experiments have been success-
fully carried out with prototrophic strains. Thus,
the same complex medium can be used for the
labeling of DNA, RNA, and proteins.

The enzymatic depletion of a specific compo-
nent in a complex medium could be used to
prepare media for the labeling of fastidious mi-
croorganisms and organisms for which no de-
fined medium has been described. With the ap-
propriate enzymes, an arginine- and lysine-free
complex medium could be prepared which would
be useful for the radiochemical analyses of pep-
tides after tryptic digestion. It is clear that this
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medium and others like it may be useful in many
areas of experimental work.
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