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Diethylstilbestrol (DES) wag used as an ingredient of cattle
feed for many years bscause it increased the rate of weight gain,
Unfortunately, this synthetic steroid hormone is not degraded sig-
nificantly in manure and eccumulates in cattle feed wastes and ree
cently has besn banned for use in feeds because it is a potaential
cause of cancer, Its use in implants, however, is still allowed.
Unfred (in preparation) has found DES in stockpiled manure in
Texas feedlots at approximately one-half the concentration given
in feed, Such concentrations of this powerful steroid represent
pogsible health hazards if the manurs is to be used slsewhere, or
from dust and runoff from the stockpiled waste, The lack of deg=-
radation is not surprising since a number of reports have indie
cated that in pharmacological concentrations (e.g. 1=20 yg/ml)

DES is inhibitery to many Gram pesitive bacteria (YOTIS and BAMAN,
1969a, b), VYotis and Baman (1970) found that the action of DES on
staphylococci was due to cellular leakage.

This manuscript describes three studies of the possible inter=-
action of DES with bacteria contained in stockpiled beef cattle
foedlot waste. Many authors have proposed the recycling of feed-
lot waste either with or without conversion into single-cell pro-
tein for eventual reuse in feeds (ANTHDNY, 1969), This would
imply the desirability of the isolation of organisms which are
capable of degrading the hormone which was the subject of the first
study reported here. A second study was designed to determine the
rosponse of feedlot waste associated bacteria to DES. A third
study investigated the fate of the sterocid when a very sensitive
spacies of Bacillus and a relatively insensitive Pseudomonas
species were grown in its presence,

MATERIALS AND METHODS

Enrichment culture technigue, Ten grams of stockpiled cattle feed-
lot waste wers used as an inoculum for 100 ml of medium containing:
(nH )2504, 0.2 g3 KH Pud, 3,0 g3 Mgso,_.7H_O0, 0.5 g3 Ca Cl,, 0.2 g3
Faci s 0,001 g3 diat%ylstilhaatrol, 0.500 g (Sigma Chemical Co.);
yeas% extract, 0,10 g and 1000 ml water, Ten ml of culture were

transfered to 100 ml of fresh medium for a total of 18 transfers,
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Viability of the cultures were checked on Tryptic Soy Agar (Difce)
at sach transfer, A number of highly resistant bacterial cultures
were isolated from thess enrichments, 0On occasion the cultures
were propogated on Tryptic Soy Agar in order to increase the inoc-
ulum between transfsrs,

Taxonomy. Methods outlined by Skerman {1967) were used for the
identification of the isolated bacterial strains, Flagsllation

was determined by examination of negatively stained cells (2% phos-
photungstic acid buffered at pH 7.4) with a Hitachi HU-8 slectron
microscops.

Growth reguirements, Growth requirements of the bacteria wsrs de-
termined by culturs in ths mineral salts medium described above
containing agar (15 g/1), and glucose (8.1 g/l1), DES (0.50 g/1),
or yeast extract (0.1 g/l) as appropriate, The relative amounts
of growth were compared to that on Tryptic Soy Agar,

DES sensitivity. The sensitivity of several cultures which had
been isolated in a previous study (THAYER et al, 1973) from stock=-
piled feedlot waste were assayed for their sensitivity to DES by
the filter paper disc technique. Discs 5 mm in diameter were pre-
pared from Whatman # 1 filter paper. These discs were saturated
with varying concentrations of DES and then sterilized by auto-
claving for 10 min at 121 C, The following concentrations of

DES dissolved in absolute ethanol were used: 0.0, 0,020 g/ml,
0.004 g/ml and 0.0008 g/ml, A deep base of Standard Methods Agar
(BBL) in Petri plates was overlaid with 10 ml of inoculated agar.
Three replicate plates were prepared by aseptically placing the
DES discs at each concentration on each plata, The plates wers
then incubated at 30 C, Zones of inhibition were measured to the
nearest mm after 48 hr of growth,

Inhibition by and fate of DES in complex medium, The grouth of
Pseudomonas aeruginosa and Bacillus subtilis W23 in Tryptic Soy
Broth containing various amounts of DES at 37 C was followed by
viable cell counts. The cultures were grown in 20 ml of medium
after inoculation with 0,1 ml of culturse in 500 ml baffled Erlen
meyer flasks. Spread plates were prepared in triplicate from sach
dilution, The amount of DES remaining in the culture and that
absorbed by the cells was determined by the method of CHENG and
BURROUGHS (1955),

DES effect on pigment production by Pseudomonas asruginosa.
Pseudomonas aeruginosa was cultivated in Psesudomonas P broth

iDtinS. After the addition of 0.2 ml of 0O,1N NaOH to 20 ml of
cell-free sample, pyocyanin was extracted from the culture with
five 10 ml aliquots of CHCl,, The pyocyanin was retained in the
CHC1, and the DES rstained in the aqueous layer., The technigue
was @ modification of the procedure of BLACKWOOD and NEISH (1957),
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RESULTS

Four distinctly different Gram negative motile rods were ob=
tained from the DES enrichment cultures, Eighteen successive
transfers assured that no organic material carried over from the
original inoculum. In the DES medium, very short paired rods and
elongated cells occurred in mature cultures, indicating possible
csll damage. Four different bacteria were isolated, two species
of Asromonas, one Pgseudomonas and one Serratia, Growth of these
cultures was compared in several different media (Table 1).

Table 2 presents the results of the tests for DES sensitivity
of the four organisms isolated above compared to the sensitivity
of controls and cultures isclated from stockpiled feedlot waste,
Bacillus and Cellulomanas species were the most sensitive and the

DES enrichment isolates the most resistant. Paesudomonas and
Escherichia speciss were also very resistant, Pigmentation ef

the Serratia species RA 1I-2 was increased by the presence of DES.

A distinct oligodynamic effect was found with several of the sene
sitive strains as is demonstrated in Fig, 1.

Two cultures were selected to determins the fate of DES in
culture medium. Bacillus subtilis W23 was selected because of its
DES sensitivity, and Pssuydomonas asruginosa because of its lack of
sensitivity, The results of the viable cell counts of these cul=~
tures with varying concentrations of DES is reported in Fig. 2.
The analysis of thse media, cell washings and cells for DES is pree
sented in Table 3, Although the DES did not appear significantly
to alter the growth rate of P, asruginosa, it did alter the pro=
duction of pyocyanine (Fig. 3).

DISCUSSION

The initial purpose of this study was to isolats bacteria
capable of using DES as their only carbon source. This resulted
in the isolation of four extremely resistant cultures whoss growth
is enhanced by the presence of DES when they are growing on a
yeast extract, glucose mineral salts agar (Table 1).

The preponderance of isolates sensitive to DES which were obe
tained from fesdlot waste indicates a lack of selsction in the
waste, The great sensitivity of most of these organisms may be im=-
portant in reducing the rate of degradation of the waste. Several
Cellulomonas species which were studied because of their known a-
pility to degrade cellulose were found to be extremsly sensitive to
the hormone, The saensitivity of these organisms is such that thay
could be used for microbial assay of DES in very small concentra-
tions. The diameter of the zone of inhibition for several species
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TABLE 2

Sengitivity of foedlot waste associated erganisms and

control cultures to DES

Cellulomonas cellasea ATCC484 13,0
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Strain Source Diameter of inhibition zene (mm)
DES concentration (g/ml)
C.008 0.004 0.02
Bacillus megaterium FLY 7.7 13 15
" " FLw 9.0 12 13 *
" " FLU 7.7 10 14 *
Bacillus licheniformis FLU 10 13 15 *
Bacillus cereus FLY 11 10 13 *
" " FLY 10 8.3 11
" " FLy 7 9,7 11
n " stock 10 11 13
Bacillus subtilis FLY 7.7 11,3 14,7
" " FLu 8.3 9.0 11.3
" " W23 stock 8.3 16 14,3
Bacillus pulvifaciens FLY 10 12,3 13,7
Bacillus lentus FLu 9 17.7 20,3
Bacillus laterosporug ATCC64 8,0 13.3 15 *
Bacillus firmus FLY 8,3 13.3 14,3
Brevibacterium FLu 10 15.7 17,3
insectiphilium
Brevibacterium vitarumen FLU 10,7 13,7
Brevibactarium FLu 8.7 11.0 12,7
tegumenticola
Escherichia coli Fil 8 9.3 10
Alcaligenss faecslis FLY 0 1] 9,7
Neisseria caviae FLy 1] 6,3 7.0
Streptococcus fascalis ATCC6057 6.3 9.0 10,3
Flavobacterium rhenanum FLU 9.7 12,3 11,7
Staphylococcus_aureus FLu 8,7 9.7 13.7
" " FLi 8,0 9.7 11,0 *
Cellylomonas biazotea ATCC486 15.7 18,7 20.3
19.7 32,0



TABLE 2
CONTINUED

Sensitivity of feedloct waste associated erganisme and
control cultures to DES

Strain Source Diameter of inhibition zone (mm)
DES cencentration (g/ml)
0.008 0,004 0,02
Cellulemonas gelida  ATCC488 7.7 21.3 25,7
Cellulomonas uda ATCC491 9.0 17.0 20.7
Cellulomenas subalbus ATCC489 16,0 22.5 26,5 *

The growth of the following were not inhibitsd by the pressnce
of DES:

Achromobacter parvulus FLUY

Escherichia coli 82/r (ANDERSON, 1951)

Eacherichia coli FLW
Escherichia coll ATCCB750

Escherichia celi ATCC11303

[ )

Pssudomonas asruginosa ATCC10145

RAlZ Aeromonas spe. FLY
RA21 Pssudomenas sp. FLw
RA22 Serratia sp. FlLu
RASi Asromgnaz sp. FL

1, *An oligodynamic stimulation of growth wae observed,
2. Each result is the avsrage of three determinatiens,

3, Growth was not inhibited in any case by filter paper discs
which did net coentaln DES,
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Fig. 1. Inhibitien sf grewth
and sligedynamic stimulation
of growth by DES. The medium
is Tryptic Soy Agar seeded
with a 16 hr culturs of B.
gubtilis W23 on the surface.
A uWhatman sntibiotic assay
disc was used to hold the DES
and was prepared by dipping
it into ethanol containing
0,020 g of DES/ml,
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Fig, 2, 1Inhibition of the
growth of B, subtilis W23 and
the lack of inhibition of P,
aaruginoss by DES, The madium
and conditions of culture are
described in the materials and
methods, Two controls wers
included for each bacteriums
lst, a Tryptic Soy Broth cul-
ture and 2nd, Tryptic Soy
Broth plus 2% sthanol, No in-
hibition of growth resulted
from the addition of ethancl.
The latter control was ine
cluded since the DES was added
to the medium dissolved in
ethanol,

Fige 3., DES inhibition of
pigment production by P, aeru=-
ninoss in Pseudomonas P broth,

Pseudomonas P brothj
broth + 2% ethanolj
broth + 10 g/ml DES;
broth + 100 FLg/ml DES,

®0obD P



‘juswTIedxs yoee jo 3Iels ey3 e Tw/53Qg SO ms\oa peuTRlUGD yjoag Asg aT3dAx] eyy

0°L6
5°66
S°v6
5°s8
S°9Y

cocoo
~~=-<h0OQOQO

T
soely G

1

NI O0DO

sTT®2
Ur S0 %

ysem juejzeutadns
Ut 530 ¥ Ut §30 %

uo3uqnNOUT
SINOY
‘q

86
66
£0T
96
oy

0Ooo0o
(=2 = el =

eoely

1

OO0

aTTed
Ut 630 %

ygem juejqeuaadns
Ut s30 ¥ Ut S30 ¥

STTT3Qn8 sN{TFoeg

uoT3IRGNOUT
8anoy

81782 Aq §30 Jo uoTydIospy

€ 3ngvL

561



of Cellylomongg is linear with respect te the log of the DES con-
centration, which is identical te the responss found during micro=
bial assay of antibiotics, The sensitivity of such a microbial
assay for DES should be at least as good as the efficial procsdurs
(ADAC) and pessibly better, This remains to bs investigated in
detail,

Altheugh the authora tend to agree with Yetis and Baman
(1969, 1970) that gensrally the Gram positive organisms ars sensi-
tive, several Gram negative bacteria sensitive to DES wsre feund
in this study, E. geli, Alcaligenes faecalis, and Neisseria
cavias were isolated from fesdlot waste which wers sensitive te
ths drug, Although there appearsd to be ne inhibition eof the
grewth of Pssudemonas asruginosa species ner ef the Serratia sp.
RA22, thers wsre very prenounced effects on the pigments produced
by these organisms., Pyecyanin preduction was greatly reduced
whereas the production ef prodigiosin by Serratia was incrsased,
Both B, gubtilis and P, alrua;nasa cencentrate the hormone in or
on the cell surface (Table 4). The hormons was not removed by
washing, This indicates that a very serious toxicelegy problem
may exist where fesdlot waste from older feedlets is refed te cat-
tle or when it is used as a substrate for the growth of bacteria,
gince the bacteria in the rumen or in commercial fermenters may
actually cencentrats the DES from the waste,
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