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SRI International examined 3M Company's Compound T-3609 for mutagenic
activity in the standard Ames Salmonella/microsome assay with strains

TALS3S, TALS3, TALS3S, TASS, and TALOD of the bacterius Salsonells
typhimurium. Compound T-3609 was also screened for recosbinogenic sctiv-
ity ta the yeast Saccharomyces cerevisiae D3 assay. Both assays vere
perforned in the presence aad absence of a rat-liver metabolic activation
systea.

Compound T-3609 vas reproducibly monmutagenic and nonrecosbinogenic
When tested according to these procedures.
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INTRODUCTION

SRI International examined 3M Company's Compound T-3609 for
mutagenicity in the standard Ames Salmonella/microsome assay with stratus
TALS35, TALS37, TALS38, TASS, and TALOD of the bacterium Salmonella
typhimuriua. Cospound T-3609 was also tested for recombinogenic activity
4n the yeast Saccharonyces cerevisiae D3 assay. An Aroclor 1254-
stimulated, rat-liver homogenate metabolic activation system was included
in the assay procedures to provide metabolic steps that the microorganisms
etther are incapable of conducting oc do not carry out under the assay
conditions.

The assay procedure with 5. typhimurium has proven to be 80 to 90%
reliable fn detecting carcinogens as mutagens, and it has about the same
Teltabtlity in identifying chemicals that are not carcimogenic. The assay
Procedure with 5. cerevisiae is about 60% reliable in detecting
carcinogens as agents that increase mitotic recombination. However,
because the assay systems do uot alvays provide 100% correlation with
carcinogenicity lavestigations in animals, neither a positive mor a
negative response conclusively proves that a chemical is carcinogenic or
noncarcinogentc to man.

Evaluation of experimental results from the Salmonella assay consists
of comparing the number of histidine-tndependent colonies on the treated
agar plates with the maber observed ou the control plates. Because all
the plated Salmonella indicator organisus undergo a few cell divisions in
the presence of the test chemical, the test is semiquantitative fn
nature. The plate test procedure does not permit quantitative
deterataation of the nusber of cells surviving the chemical treatment. It
1s the demonstration of a mutagenic dose-response relationship that is
iuportant in establishing mutagenicity.
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The test cheateals are assayed at several dose levels within a
nontoxic dose range--vith the exception of the highest dose level, which
sometines exhibits toxicity. Toxicity ia evidenced by several phenomena:
clearing of the background bacterial growth lava, foraation of plupotat
colonies consisting of surviving cells, and a decrease in the muaber of
cevertaat colontes below the spontaneous background.

A cheatcal 1s considered a mutagen in the Saluonella assay if it
elicits a reproducible, dose-related increase in the nusber of histidine
cevertants per plate fn one or mre tester strains.

Ihe yeast Saccharonyces cerevisiae D3 is a eukaryotic alcroorgantsn
capable of detecting mitotic recombination, as expressed through a
autation leading to a defective enzyne in the adentne-aetaboliziag
pathvay, resulting in a red-pignented colony. In this assay, the yeast
cells are exposed to several concentrations of the test cheatcal, usually
cangiag fron a concentration that results fa mo killing to one that cavees
50% killing. Any concentration that induces 90% killing is considered

toxic. When the nuaber of genetically alfered colonies per ailliliter
(yield) and the rato of altered colonies to survivors (frequency) from
the treated cells are unequivocally larger than those of the solvent
treated controls, we conclude that the exposure of the cells to the
compound {nduces mitotic recombination. If this event ls dose-related,
the observation is termed a positive response.
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MATERIALS

o Test Article
- Name: T1-3609
- Date Received: 19 July 198
- Description: Yellow, glue-like liquid
- Storage Conditions: Room temperature
- Spectal Testing Conditions: None
- Stability: Assured by Sponsor

* Indfeator Organtsms

- Spectes: Salmonella typhimurium LT2; Saccharomyces cerevisiae
- Strains: TAS3S, TALSI7, TALS3S, TA9S, and TALOO for

S. Dyphimriun; D3 for S. cerevisiae
~ Source: Dr. Bruce Ames, University of California, Berkeley, for

the Salmonella; Dr. F. X. Ziaseraaaa, W. Germany, for
the yeast

© Metabolic Activaton

Aroclor 1254-induced, rat liver 5-9; SKI Batch ¥-3;
~22.0 ug/al proteta

© Negative (Diluent) Control Material

Acetone
Date Opened: 13 December 1983
Expiration Date: 13 December 198
Manufacturer: American Scientific Products, McGraw Park, IL

© Positive Control Chemicals
9-Antaoacridine, CAS No. 90-45-9
Manufacturer: Paltz and Bauer, Stamford, CT
2-Anthraatae, CAS Xo. 613-13-8
Manufacturer: Sigma Cheatcal Co., St. Louls, M0
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2Nterofluorens, CAS No. 607-57-8
re ydrich Chentcal Co., Milwaukee, WT

Sodtun Azide, GAS No. 26628-22-8
Soeter: “Difco Laboratories, Detrott, HI

12,3,4-Diepoxybucans, GAS No. 1464-535
en Peales and Bauer, Stanford, CT

Sterigaatocystia, CAS No. 10048-13-2
ee urer:  Calbioches, La Jolla, CA

« Counters Used
ew Brumevick Scientific bioTran IIe Automated Colony
eee wader CLi1, SRI No. 0030 0151 00

— ew Brunswick Setentific Bactronice Colony Couster, Nodel
ior SRE No. 0013 0788 00
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wETHODS

SalmonellstyphimuriumStrainsTALS33,
TALS37, TAI538,TAGG, andTAIO0

The Salmonella typhimuriua strains used at SRI are all histidine
auxotrophs by virtue of mutations in the histidine operon. When these
histidtne-dependent cells are grown on minimal medium agar plates
contatning a trace of histidine, only those cells that revert to histidine
independence (his*) are able to form colonies. The small amount of

histidine allows all the plated bacteria to undergo a few divisions; in
many cases, this growth is essential for mutagenesis to occur. The his

revertants 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, ususlly in a dose-related manner.

We obtatned our S. Eyphimurtum strains from Dr. Bruce Ames of the
University of California at Berkeley. In addition to having mtations in
the histidine operon, all the indicator strains have a mutation (rfa) that
Leads to a defective lipopolysaccharide coat; they also have a deletion
that covers genes involved in the synthesis of the vitamin biotin (bio)
and in the repair of ultraviolet (uv)-induced DNA damage (urd). The rfa
autation makes the strains more permeable to many large molecules, thereby
increasing the mtagenic effect of these molecules. The wd mutation
renders the bacteria unable to use the accurate excision repair mechanisn
to reove certatn chemically or physically induced DNA lesions and thereby
enhances the strains’ sensitivity to some mutagenic agents. Strata TALSS
1s reverted to his* by many mitagens that cause base-pair substitutions.

Strata TALOD ts derived from TALS3S by the Introduction of the resistance
transfer factor, plasaid pRAIOL. This plasaid is believed to cause an
increase ta error-prone DNA repair that leads to many more mutations for a
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piven dose of aust mcagens. In addition, plasstd RIOL conters
festotanc to the sncibiorie smplctiiin, Which 1s & comentent aacker £0
detec the presence of the plasmid fo the cell. The presence of chis
Plasald ais sakes sirsin THIOD sensitive to some frsmeshifc muiagens
[e.g., ICR-191, benzo(a)pyrene, aflatoxin B,, and 7,12-dimethylbenz-
(a)anthracene]. Strains TA1537 and TA1538 are reverted by many frameshift

mutagens. Strain TA98 is derived from TAL538 by the addition of the

Plasaid pRHLOL, which sakes 15 sore sensitive to some mutagenic agente:
ALL tottccor craton sre kept feosen fn mien broth spplementsd

with 10% sterile glycerol at -80°C in l-ml aliquots containing about 10°

Cells. New frosen stock cultures are sade every 3 Sonche frum sisgle
colon teolaces that have been checked for ther gesotypic chasactertatics
(Bla, sta, werk, Ho) ant fo th presence of the plasmid. For each
experinen, the ios frozen cell cultures ace allowed to thew 8c on
ceperature before tsoculscion 1a 50 a1 of glucose siniasl liquid sedsim
cupplensated vith sa sscess of biotin and baciine, The cultuces sre
grown at 37°C, unshaken for 4 hours, then gently shaken (100 rpm) for 11

© 14 hours. AL strains axe genscically analysed whenever expertsents
axe portoraet.

Aroclor 1350-3stautated vassboltc hettvation system
Sone carctsopentc hanieals (e5., of the aromatic amine type oF the

potyeyetic spdsacasbon type) ae dnaceive unless they ace sucabolised <0
tctive torus. Tn aniasle snd an, 43 ensyse system fn che Liver of other
erttns Coupe dung ox Kidaey) ie capable of setaboleing « lacge susber of
these chenteals to carctsogens. Some of these intersediate setsbalites
are vey poten mutagens fn the 5: Eyphisurtum test. Amen bas denceided
the ver metabolic sciivacion yutem that ve ase. In brief, sdulc sale
Sprague-Dawley rats (200 to 250 g) are given a single 500-mg/kg intra-

peritoneal injection of Aroclor 1254 (a mixture of polychlorinated

biphenyls). This treatment enhances the synthesis of enzymes involved in the

asiabolic somareion of chemicals. Tour days steer the infection, the
wniaals’ food 1s removed but dciakis vater fa providedsd ibicum. On the
£16ch day, the sate axe Willed and the ver homogenate fs prepeced os
tollon.
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The Livers are removed aseptically and placed in a preveighed sterile
8lase beaker. The organ veight is deterained, and all subsequeat operations
are conducted fn an ice bath. The livers are vashed vith an equal volume of
cold, sterile 0.15 KC, minced with sterile surgical scissors in three
Volumes of 0.15 M XC1 (3 ml/g of wet organ), and hoaogentzed vith a Potter
Elvehjen apparatus. The houogenate fs centrifuged for 10 minutes at 9000 x 5,
and the supernatant, referred to as the 5-9 fraction, is quickly frozen on dry
tee and stored at -80°C.

The metabolic activation mixture for each experiment consists of, for
50 a1:

© 5.0al of 59 fraction
© 1.0 al of MgCl, (0.4 1) and KGL (1.65 ¥)
© 0.25 a of glucose-6-phosphate (1 4)
© 2.0 a1 of MDP (0.1%)
© 25.0 al of sodiun phosphate buffer (0.2 ¥, pi 7.4)
© 16.75 al of sterile 8,0.

The amount of 5-9 fraction delivered to each plate 1s 50 pl.

Plate Incorporation Asssy
Prior to testing, the test article fs serially diluted from an tniclal

stock. The article fs usually tested over a minimum of six dose levels, the
highest nontoxic dose level being 10 mg/plate unless solubility, mutageatetty,
or toxicity dictates a lover upper lint. When extracts are made, various
undiluted aliquots are tested, usually over a dose range of 5 to 100 or
200 1/plate. Occastonslly, liquids are tested; the sample Ls moc diluted,
and various aliquots are used. All assays are repeated at least once on a
separate day.

The plate facorporation assay is perforsed in the following vay. To a
sterile 13 x 100-m test tube placed fn a 43°C heating block ve add:

(13 2.00 a1 of 0.67 agar containing 0.6% NaCl, 0.05 ut
blotia, and 0.05 = histidine

(2) 0.05 al of indicator organisms (about 10° bacteria)

7
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(3) 0.05 al of a solution of the test article
(4) 0.50 ml of metabolic activation mixture (if appropriate).

This mixture is stirred gently and thea poured on plates containing about
25 81 of minimal glucose agar. After the top agar has set, the plates are
incubated for 48 hours at 37°C. The number of his’ revertant colonies 1s
counted using a BioTran II automated colony couater when possible. When
accurate counts cannot be obtained (e.g., because of precipitate), the plates
are counted manually using an electric probe colony counter.

Concurrent sterility, negative (solvent), and positive controls are run
with every experiment. Sterility controls include plating out separately
steps (3) and (4). For negative controls, we use steps (1), (2), (4), and
0.05 ul of the solvent used for the test article. For positive controls, we
test each bacterial culture with the following mutagens using steps (1), (2),
@), and (4):

© Sodius azide for the base-pair substitution mutants TALSIS and
M100.

© 9-Antnoacridine for the frameshift mutant TALS37.
© 2-Nitrofluorene for the frameshift mutants TALSIS aod TAS.
© 2-Anthraadne for all tester strains, in the presence of

metabolic activation.

Saccharomyces cerevistae D3

The yeast S. cerevisiae D3 is a diploid microorganisa heterozygous for a
mutation leading to a defective enzyme in the adenine-metabolizing pathway.
When grown on medfun containing adenine, cells homozygous for this mutation
produce a red pigment. These homozygous mutants can be generated fron the
heterozygotes by mitotic recombination. The frequency of this recoabinational
event may be increased by incubating the organisms with various catcinogenic
of recoabinogenic agents. The recombinogentc activity of a cospound or its
metabolite is deternined frou the number of red-piguented colonies appearing
on test plates.

A stock culture of S. cerevisiae is stored at 4°C. For each experiment,
broth containing 0.05% MgS0,, 0.15%KH PO, 0.45% (NH,),S0,, 0.35% peptone,
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0.5% yeast extract, and 2% dextrose 1s fnoculated with a loopful of the stock
culture and incubated overnight at 30°C with shaking.

The in vitro yeast mitotic recombination assay in suspension is conducted
45 follows. The overnight culture Ls centrifuged and the cells are
resuspended at a concentration of 108 cells/al tn 67 m4 phosphate buffer (pi
7.4). Toa sterile test tube are added:

© 1.00 al of the resuspended culture
© 0.50 al of either the metabolic activation mixture or buffer
© 0.20 ul of the test chenteal
© 0.30 al of butter.
Several doses of the test cheatcal are tested fn each experiacnt, and

appropriate controls are included.
The suspension mixture is tacubated at 30°C for 4 hours on a roller

drus. The sample is then diluted serially fn sterile physiologic saline, and
0.2 ul of the 10% and 102 dilutions is spread on plates contatntng the same
ingredients as the broth plus 2.0% agar; five plates are spread with the 10
dtlution and three plates are spread with'the 1075 dilution. The plates are
tacubated for 3 days at 30°C, followed by 1 day at 4°C to enhance the  -
development of the red pignent indicative of adenine-deficient homozygosity.
Plates contatning the 107% dilution are scanned with a dissecting microscope
at 10 magnification, and the number of mitotic recombinants (red colonies or
red sectors) is recorded. The surviving fraction of organisms is determined
from the total mumber of colontes appearing on the plates of the 1075
dtlutton.

Statistical nalyats
No statistical analysis vas perforned for any of the assays. The results

of the plate ncorporation assay are a tabulation of the nuaber of colonies
appeartag on the plates. A positive response is indicated by a reproducible,
dose-related increase fn the nuaber of histidine-independent colonies pec
plate. The results of the S. cerevisiae D3 assay are tabulated by calculating
the number of mitotic recombinants per 10% survivors. A positive response in
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this assay is indicated by a dose-related increase of more than 3-fold in the
absolute number of mitotic recombinants per milliliter as vell as fn the
relative mmber of mitotic recombinants per 107 survivors.
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RESULTS AND DISCUSSION

3K Conpany's Compound T-3609 was screened for mtagentc activity in
the Anes Salmonella/aicrosome in vitro mutagenicity assay using the five
standard strains of Salmonella typhimurium: TAIS35, TALS, TAIS3S, TASS,
and TAI00. The assays were performed in duplicate, both in the presence
and sbaeace of a rat-liver metabolic activation system. Acetone was used
as the diluent.

The microbial mitagentcity testing of this sample was performed on 26
July and 3 August 1986. Dose levels ranging from 10 to 5000 pg/plate were
used for both assays (Tables 1 and 2). No dose-related increases in the
number of histidine-independent revertants vere observed in either assay.

Compound T-3609 was also tested for recosbiuogenic activity fa the
yeast Saccharomyces cerevisiae D3 assay for mitotic recombination. This
assay vas perforaed on 27 July and 10 August 1984, both with aad without
metabolic activation. A dose raage of 0.05 to 5% vas used for both assays
(Tables 3 and 4). No dose-related tacreases in the mumber of mitotic
recosbinants per 105 survivors were observed in either assay.

In conclusion, Compound T-3609 was reproducibly monmutagentc and
nonrecoabluogentc when tested according to these procedures.
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Tabte1

IN VETO AssaYs ITH sAusOWELLA TYPHINRIDY
anon 1-3609

Bxpectacat Dace: 26July 1984
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| Tube 2

| IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
| TT commrae
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| . ote 3

IN veri ASSAYS ITH sucousonces crrevisIAR 3
coro 1-3609

Expertaens Date: 27 July 1984

Morte wicottePercent Suevtvtog Reconbinaate RecominagtsMetabollc Concentration Cella peal Survivors pero] bec 105,cospousa Rettcion 0 ahd 8 El sufvivos '
Negative Contzol
Heaton - 42 100 s nu: pi) 10 5 3

Postive canerots
1,2, Dlepombucane = 0.025 wr 10 wwe .Stetigmtocpetin = 000s us 10 i 5.3» : 503 +] 100 wm

Compound 1-3609 - 0.05 o 100 7 1z or ps 100 ‘ 1> : os is 10 7 3 iz : 3 ue 100 i 58 : 5 us 1% ‘ 1 |
8 + 0.05 wt 10 “ 18 or a 10 ‘ 133 os we 100 5 n: 1 os 10 ¢ 1: 5 pit 10 5 5)

Fealculations are expressed ustog tvo stgatttcant figures.
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Tate 4

0 IRD asst wim saconmsowtcas cearvistay 0)
coro 1-3609

Saperiaent Date: 10 upc 1984
weoese corterorcene survives Recombinaate RecompinagesMetabolic Contemseacion Celia peal Survivors per or 105 .conpouns Me ON Eh Fie sian
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