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smaury

SRI International examined 34 Company's Compound T-2816CoC for
mutagenic activity wich strains TALS3IS, TALS3?7, TALS3S, TASS, and
TAL00 of Salmonella typhimurium in the standard Ames Salmonella/microsome
assay and with the yeast Saccharomyces cerevisiae D3. Each assay vas
performed in the presence and in the absence of a rat liver metabolic
acedvation system. Compound T-2816CoC was not mutagenic or recombinogenic
4n any assay performed.
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INTRODUCTION

SRI International examined 3H Company's Conpound T-2816CoC for
mutagentcicy by in vicro microbiological assays with strains TALSIS,
TALS37, TALS38, TASS, and TAL00 of the bacterius Salmonella typhimuriun
4n the standard Ames Salsonella/aicrosome assay and with the yeast
Saccharosyces cerevisiae D3. An Aroclor 125i-stiaulated, rat liver
homogenate metabolic activation system vas included in the assay proce-
dures to provide metabolic steps that the bacteria either are incapable
of conducting or do not carry out under the assay conditions.

The assay procedure with S. typhimurius has proven to be 80 co 90%
reliable in dececting carcinogens as outagens, and it has about the same
reliability in idencifying chemicals that are not carcinogenic. The
assay procedure with 5. cerevisiae is about 60% reliable in detecting
carcinogens as agents thac increase mitotic recosbination. Hovever,
because che assay systess do not alvays provide 100% correlation with
carcinogenicity investigations in animals, neither a positive nor a
negative response conclusively proves chat a chemical is hazardous or
nonhazardous to aan.
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METHODS

Salonella typhimurium Strains TALS3S,
TAIS37, TAIS38, Ta98, and TAL00

The Salmonella typhimurium strains used at SRI are all histidine
auxoczophs by virtue of mutations ia the histidine operon. When these
hiscidine-dependent cells are grown on mininal medium agar plates
containing a trace of histidine, oaly those cells that revert to histi-
dine independence (his™) are able to form colonies. The small amouat of
histidine allows all the plated bacteria to undergo a few divisions; in
may cases, this growth is essencial for mutagenesis to occur. The his®
Tevertancs are easily visible as colonies against the slight background
growth. The spontaneous mutation frequency of each strain is relatively
constant, but when a mutagen is added to the agar, the mutation frequency
1s increased, usually in a dose-related mamner.

We obtained our S. typhimurium strains from Dr. Bruce Ames of the
University of California ac Berkeley. In addition to having mutations
4n the histidine operon, all the indicator strains have a mutation (zfa)
chat leads to a defective lipopolysaccharide coat; they also have a
delecion that covers genes involved in the synthesis of che vitamin
biotin (bio) and in the repair of ultraviolet (uv)-induced DNA damage
(vEB). The rfa mutation makes the strains more permeable to many large
aromatic molecules, thereby increasing the mutagenic effect of these
molecules. The uvrd mutation causes decreased repair of some types of
cheaically or physically damaged DNA and thereby enhances the strains’
sensicivicy co some mutagenic agents. Scrain TALIS is reverced co his®
by many aucagens that cause base-pair substitutions. TALOO is derived
£rom TAIS33 by the introduction of the resistance transfer factor,
plasaid pRMI0L. This plasmid is believed to cause an increase in error-
Prone DNA repair that leads to many more mutations for a given dose of
most mutagens. In addiction, plasaid pKMIOL confers resistance to the
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antibiotic ampicillin, which 1s a convenient marker to detect the presenceOf the plasuid in the cell. The presence of this plasaid also makes
strain TALOO sensitive to some frameshift mucageas [e.g., ICR-191,benzo(a)pyrene, aflatoxin 3,, and7,12-dtmechylbenz (a)anthracene]
Strains TAIS7 and TALS3S are reverced by many frameshift mutageas.Serain 1498 is derived from TASI8 by the addition of the plasmid
PRA0L, which makes ic more sensicive to some mutagenic agents.

ALL indicator serains are kept at 4°C on minimal agar places
supplenenced wich an excess of biotin and histidine. The places wichthe plasnid-carrying strains also contatn ampicillin (25 ug/l) toensure stable matacenance of the plasmid pRMIOL. New stock culture
Places are made every 4 to 6 weeks fron single colony isolates that havebeen checked for their genotypic characteristics (bis, rfa, wed, bio)and for the presence of the plasmid. For each experiment, an inoculumfrom the stock culture places is grown overnight at 37°C in nutrient
broch (Oxoid, U7).

Aroclor 125-Seimulated Metabolic Activation System
Some carcinogenic chemicals (e.g., of the aromatic amino type or

the polycyclic hydrocarbon type) are inactive unless they are metabolized: to active foras. In anfmals and aan, an enzyme system in the liver or
other organs (e.g., lung or kidney) 1s capable of mecabolizing a largenusber of these chemicals to carcinogens. Some of these intermediate
metabolites are very pocenc sutagens in the S. typhimurium tesc. Ames
has descrived che liver metabolic activation system chat we use. In
brief, adult male rats (250 to 300 §) are given a single 500-ag/ks
inczapericoneal injection of Aroclor 1256 (a mixture of polychlorinated
biphenyls). This treatment eahances the synchesis of enzymes involvedin the mecadolic conversion of chemicals. Four days after the injection,the antzals' food is removed buc drinking water is provided ad libitum.
On che £1fch day, the rats are killed and the liver homogenate is preparedas follovs.
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The livers are removed aseptically and placed in a preweighed
sterile glass beaker. The organ weight is determined, and all sub-
sequent operations are conducted in an ice bath. The livers are washed
with ao equal volume of cold, sterile 0.15 M KCL (1 ml/g of wet organ),
minced with sterile surgical scissors in three volumes of 0.15 ¥ KCl,
aad homogenized with a Pocter-Elvehjem apparatus. The homogenate is
centrifuged for 10 minutes at 9000 x g, and the supernatant, referred to
asthe 5-9 fraction, is quickly frozen in dry ice and stored at -80°C.

The metabolic activation mixture for each experiments consists of,
for 10 a1:

+ 1.00 ml of $9 fraction
+ 0.20 ml of MgCl, (0.4 ¥) and KCl (1.65 ¥)
+ 0.05 ml of glucose-6-phosphate (1 ¥)
+ 0.40 ul of NADP (0.1%)
© 5.00 al of sodiun phosphate buffer (0.2 ¥, pH 7.4)
+ 3.35 al of Hy.

Assays in agar

To a sterile 13 x 100 =m cesc cube placed in a 43°C heating block,
we add in the following order:

(1) 2.00 81 of 0.62 agar”
(2) 0.05 al of indicator organisms
(3) 0.50 ml of mecabolic activation mixture (if appropriate)
(4) 0.05 al of a solution of the test chemical.

This aixcure is stirred gently and then poured onto minimal agar places.’
After che top agar has set, che plates are incubated at 37°C for 3 days.
The number of his’ revercant colonies is counted and recorded.

“The 0.6% agar concatns 0.05 a histidine, 0.05 a biotin, and 0.6 Nacl.
“Minimal agar plates consist of, per liter, 15g of agar, 10g of glucose,02 3 of MgSO.+7Ha0, 2g of citric acid monohydrate, 10g of KPO., and35 g of NaHNH.PO.+iHs0.
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For negative controls, we use steps (1), (2), and (3) and 0.05 ml
of the solvent used for the test chemical. For positive controls, we
test each culture by specific mucagens known to revert each strain,
using steps (1), (2), (3) and (4).

Saccharomyces cerevisiae DI

The yeast S. cerevisiae D3 is a diploid microorganism heterozygous
for a mutation leading to a defective enzyme in the adeaine-mecabolizing
pathuay. When grown on medium containing adenine, cells homozygous for
chis mucacion produce a red pigment. These homozygous mutants can be
generated from che heterozygotes by mitotic recombination. The frequency
of this recombinational event may be increased by incubating the organisms
with various carcinogenic or recombinogenic agents. The recombimogenic
activity of a compound or its metabolite is determined from the number
of red-pigmented colonies appearing on test plates.

A stock culture of S. cerevisiae is stored at 4°C. For each
experiment, broch containing 0.05% MgSO., 0.15% KH.PO., 0.45% (NH.)SO.,
0.35% peptone, 0.5% yeast extract, and 2% dextrose is inoculated with a
loopful of the stock culture and incubated overnight ac 30°C with
shaking.

The ia vitro yeast mitotic recombination assay in suspension is
conducted as follows. The overnight culture is centrifuged and the
cells are resuspended at a concentration of 10° cells/ml in 67 aM
Pphosphace buffer (pH 7.4). To a sterile cesc cube are added:

+ 1.00 ml of the resuspended culture
* 0.50 al of either the metabolic activation mixture or buffer
+ 0.20 al of the test chemical
+ 0.30 31 of buffer.

Several doses of the test chemical are tested in each experiment, and
appropriate controls are included.

The suspension mixture {s incubated at 30°C for 4 hours on a
roller drum. The sample is then diluted serially fn sterile physiologic
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: saline, aad 0.2 al of the 103and 107 dilutions is spread on plates
containing the same ingredients as the broth plus 2.0% agar; five placesare spread wich the 10~* dilution and three plates are spread with the107 dilution. The plates are incubated for 2 days at 30°C, followedby 2 days ac 4°C to enhance the development of the red pigment indicativeof adenine-deficiear homozygosity. Plates containing the 10-* dilutionare scanned wich a dissecting microscope at 10 X magaification, and themumber of mitotic recombinants (red colonies or red sectors) is recorded.The surviving fraction of organisms is deternined from the total mumberof colonies appearing on the plates of the 10? dilution.

The number of mitocic recombinants is calculated per 10° survivors.A positive response in this assay is indicated by a dose-related increaseof more than 3-fold in the absolute number of mitotic recombinants permilliliter as well as ia the relative number of mitotic recombinants per10° survivors.
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RESULTS AND DISCUSSION

Compound T-2616CoC vas tested for mutagenicity in the Ames
Salmonella/aicrosome assay and with the yeast Saccharomyces cerevisiae D3
in the presence and in the absence of a metabolic activation system. The
compound was tested at least twice on separate days in both assays. The
results are presented in Tables 1 through 5.

In the Ames Salmonella/microsome assay, T-2816CoC was initially
tested in a preliminary assay with strain TAL0D over a wide range of
concentrations, from 10 to 5,000 ug/plate. Toxicity was observed at
a dose of 5,000 ug/plate (Table 1). Ethanol was used as the solvent
in all assays.

The results of our tests of T-2816CoC with five strains of S. typhi-
Burius in the Anes Salmonellalmicrosome assay are presented in Tables
2 and 3. No toxicity or dose-related increase in the nusber of revertants
was observed in these assays.

The results of the microbiological assays with S. cerevisise D3 on
T-2816CoC are presented in Tables 4 and 5. The compound was tested
at concencracions from 0.05 to 5.03. No toxicity or significant dose-
related increase in the number of mitotic recombinants above background
was observed.

We therefore conclude that Compound T-2816CoC vas mot mutagenic
wich 5. typhimuriup or recombinogenic with S. cerevisiae D3.
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Table 1
10 VITRO ASSAYS WITH SALYDNELLA TrPHRINcowomo T-2816cecBaperinent Date: 1 February 1980

WactdineMetabolic Amount of Compound Revertants. ser PlateCompound ___ Activation Added per Bate pias
Heative Control
Etat - 0m ne; io ui

Posteive Controls
2-hnticantne - 10 102. 5 0 aSotun tse - 0.5 up ser

Gonpound T-2816coc - 10.04 1250'0 in: 10020 5: 500.0 102: 10000 5: 5000.0 ont
‘ 10.00 im. 50.0 16v 10l0 no: s00l0 108. 10000 10s- . sio000 oxicg232&
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Tobe 2
IN VITRO ASSAYS WITH SALYONELLA TrPDRION

coreounD T-28160cExpertaeat Dace: 20 February 1980
Metall te Amount of Compound Hatidioe Revertants per Plate— Actiuntion Added per Plate TAIT IASI TAS oA ion

Negative Control
Banal - 50.001 Bows wow ow ow ow wmM so Boa sow 9 8 A on ip sn+ 500 Aomoowon wow wos moa+ 500 Bow om 8% 6% we de

Positive Controls
2-Aathraatne - 10 ons on ous ous+ 10 3 WW we 55 : 2s a2 os: hd moa no 10sSedumArtde - 0.5 wus: 0 3 50
S-tntnoacetdiae, - 50.018 0 19utroivorene, - 5.0m 0 40 doz am

Cospound T-281608 - 5.008 moms om sow ow ow om ow: 00 2m 7 9 8a 3a om»z 50.0 BoA 13a ow o1 3% 8 ws am: 1000 33 a6 9 1 1 3 4 do sp: 5000 30 6 5 13 1 Bow dn am- 1.00000 EEE EO8 + 5.0 2% woz won aos wm oai : 100 BoM 1 on ok ona 5 am3 + 50.0 Boo eon won BW lo ss2 1 1000 ® 0% 16 ou 19 om 4 5 de aon5 + 500.0 » ono on x ow ea ua+ 10.0 ¥ 0 6 0 oe soe mons



Tote 3
IH VITRO ASSAYS WITH SALWONELLA TreunRIONcomo T-2816coeExperiacat Dates 25 February 1980

Hetabollc Amount of Compound Mistidine Revertants per PlateCompound Activation _ndded perPlate TRIE IAFASHTmoorNegative Control
Eehanol : WOMB 16 7 9 au us wsi slo ®NAL 3 WBN oe aoaPostive Concrol
ZAatheamtne - Lowe Bow 6d am se: 25 now+ Lo 10 4 30 20 ee 10= + 25 9 16 1m aeSodtin Aside - 034g wo: ve 00 am-Antraacetding - 2.048 37 5062Meroftuorene - sou wow su aaCompound Tabac SOB M8 was oy ow mow- 100 wow oe 5 5 RH HN: 50.0 BAL wn osm om mw: 10000 ZB oe os noon koa mow: 50010 DB wos ow doa oa- 10000 Zo eo wom Goa min+ SOX Mw 9% nm moa ee8 + 100 DB ew Bou us os 1 ag ‘ 500 ? ok 90s wom sos je dn2 ‘ 10000 Zw own wou bon nha . 500 0 Wow won won aya ‘ 1a :0 BB 9m mom Hou usa

“Retented on 6 Maxch; control values of 25 Februncy vere fnvalid.



Te 6
IN VITRO ASSAYS WITH saccusomces centvisiarcommon T-2016eacExpectant Date: 13 Pebsunry 1980

percent Survivors Mitotic RacosbinmnteHetabolle Concentration Gols per a TernperioConpouns Actuation Gvorv/) G0) percent (10%) eviNegative Control
Ethanol < 63 am 0 5.0: ss am To nJ Postetve control

| 1.2. 3.4-Dieporybucane - 0.025 wm 980 1300: 002s ue 10m 14%Compound T-2816C0c - 0.05 33 so 70 25 : or es am 56 1.6: o's 57 % 13 2: j=] 50 7 70 iz so 5 i“ so n+ 0.05 54 a 3.0 ss: or sia 70 a+ os 53 55 ou a+ To sam ho 1.0+ so 52 ” a a

3
@



Tables
I VITRO ASSAYS WITH sconces censvisiacoPoumD T-z816eacExperiment Date: 21 February 1980

Percent Survivors Mitotic RecosbnsstsMetsbolle Concentration CETTE pert reruntpiGospound Activation (uly or vi 1107) recent (210) ServiversNetactve Control
Ehanal - se wm ws 5s: ss aw 0 fia—
1,2,34-Diegorsbutane - 0.025 sew Lm L300+ ozs S10 wie 13%Compound T-2816cac - 0.05 seam 1 n© : or am 16 7: os CE 2 1: To £m 5.0 i: 50 91 im 20 2+ 0.05 0 2.0 u+ or a0 slo ry+ os ses Slo 58i To Fr] 1 2+ so in to we
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