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a?V@ Cge !asf few years, the use of microbial systems to screen substances for mutagenic potential has re-
Wt NSiderable attention. Test procedures using the yeast, Saccharomyces cerevisiae, the fungus Neurospora,

9 S
ﬁgggﬂigfferia Salmonella typhimurium and Escherichia coli have been developed. Of these procedures, the
QMT on Mamma | ian microsome mutagenicity assay, developed by Dr. Bruce Ames and co—yorkers, has been used
:hfga”c i'Ve!y. This assay has demonstrated an approximate 90% accuracy in the predlcTFon of a var!efy of car-
%;@eni hemica|s as mutagens. |t is equally accurate in predicting that a nqn-mufagenlc compound is non-car-
G&Wafé MUTagens identified by this assay range from flame retardants used in fabrics to cigarette smoke
hg
Thoe Sho
MP ,T;TBTErm mutagenesis assay developed by Ames employs mutant strains of Salmonella typhimurium designated
) ’ TAISBS, TAI537, and TAI538. Due to a specific mutation in the histidine operon, these strains are
%‘M Ce| gr?w in the absence of histidine. When grown on media containing a level of histidine sufficient for
N IVisions, only cells able to revert to histidine independence are able to form colonies easily vis-
the background lawn. Each of these mutant strains has a fairly constant rate of spontaneous rever-
» the mutation frequency is significantly increased when a chemical mutagen is added to the system.
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Ih Ny O the previously described mutation within the histidine operon, the five tester strains contain ad-

I m 1 - : A :
%#ngnasu*af'oﬂs to increase their usefulness in the assay. All strains contain the rfa mutation which results
hap i + Permeability of the cell wall allowing the entrance of more substances. All of the tester strains

nQe he u 2 . .

e oS VrB mutation which results in defective excision repair of damaged DNA molecules. This mutation en-

US‘VDB N SensiTiviTy of the strains to some mutagens. By incorporating all five tester strains into each assay.
TA;Dath Mutation can be distinguished. Strain TAI535 is useful in the deTeCTion of mutagens whfch cause
OOWepSUbSTifuTions. Strains TAI537 and TAI538 are for detection of frameshift muTagens. STF?IHS TA98 and
derived by the addition of a plasmid to strains TAI538 and TAIS?S, respecT!ngy. Cgrr|age of Thi§
<Pap; o S these two strains more sensitive to certain mutagens in §dd|+|on to prov1d|ng resistance to ampi-
SWE‘”i*y - Mutagens are inactive unless they are metabolized to active forms. Liver enzymes possess the

At Of,mefabolizing many of these compounds fo their mutagenic form. for this reason, a mammalian micro-
't ion (s-9 activation) system prepared from rat liver is included in the test.
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: e§ formats for performance of the assay, the one most frequently used is the plate |?corporaflon.pro-

1), ate 'S is a quantitative test run by combining the test substance W|Th'a§ouf 10 bacT?r|§d§nd raz élver

T hen S-9 activation is desired, in 2 ml of molten 0.6% agar containing 0.05 mM histidine and 0.05 mM

, Arg ? Mixture is poured onto the surface of a minimal glucose agar pIaTe.and hardens as a Thunfov?rléy:

\%Swofh\gubsequenfly incubated at 37 C for 48 hours. Since the medium contains a limited supply o |7|3T|919e

From = ©Ntire population undergoes only a few divisions before the supply ls.exhausfed and ce ivision

OW this point, only cells capable of reverting fto histidine independence w!ll grow and produce macro-

Mg Is ('S on the plate. Following the incubation period, these revertant colonies are scored and their

I Compg i i +rain being used. |f the number of revert-
Uoe "ed with the number of spontaneous revertants for the-strai ) g : ¥ ; I
4 by the test substance is twice that of the spontaneous reversion rate, the test is considered posi-
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ﬁ*QQ’MnTST Procedure is a qualitative test. In this modification, the test substance is placed'on the surfa§e
fWrQSVS#m 9lucose agar plate already containing the agar overlay with the test organism anq mlcrozgmal acti-
0 an* o1 "Nen desired. The test substance diffuses into the agar, setting up a conce?Traflon gra !enlr P
it Poy Shies surrounding the spotted chemical constitute a positive test. Use of this procedure is limite
qﬁ I 'ch diffuse readily.
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fy P In this

by The oeine i ith compounds which do not readily diffuse.
hp% ans tes Ubaflon procedure was Qeve!oped for use wi DIp terial culture are combined in sterile
e SOlution, microsomal activation system, when desired, and bacteria

Yy s in ! . . . N
QhaTGD 3 Cgbéfed with shaking at either 37 C for 20 minutes or 30 C for 30 minufes. Following this preincuba

P . .
Iy fen 'S added and the tube contents are poured onto the surface of a minimal glucose agar plate, allowed
5§ Udg 'Ncubated 48 hours at 37 C before revertants are scored.
y Urg , Wi
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MQmiha* 2 The Performance of each assay are several controls. First, quality control tests are performed to

Mty eCh assay strain has retained all of its genetic markers. Second, a §h9rf assay is performe? w!Th
* appropriate for each assay strain, to demonstrate the strain's ability to perform properly in
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the presence of a chemical mutagen. Third, negative controls are included with the ftest run and are Simplyz
measure of the spontaneous reversion rate for each tester strain. Fourth, during the scoring of rever"ra”T Teﬂ
colonies, lawns on plates are examined microscopically (low power [00X). Absence of bacterial lawn from g
plate is indicative of a toxic test compound. This suggests that a retesting of the compound at a lower .
concentration should be conducted. A lawn which is more dense than the negative control is suggestive of exsby
cess histidine present in the system. Finally, colonies scored as revertants are verified as frue reverfan|ow
transferring them to a minimal glucose agar plate containing no histidine (or biotin). Growth on platfes 2
ing 24-hour incubation at 37 C is indicative of true reversion to histidine independence.

The assay is considered to be operating properly if the strains have their markers, exhibit the appropriaTeng
level of mutagenesis when freated with a known mutagen, and show a spontaneous reversion rate within the 2
suggested by Dr. Ames. |f these conditions have been met, a positive test is indicated when the average ©
vertants on the test plates exceeds the average of revertants on the negative control plates by at leasT aiw
factor of two. Test substances demonstrated to be positive in the Ames assay are usually retfested at vary
concentrations to establish a dose response curve.
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Foods can and do contain chemical mutagens. Aflatoxin B; may be found in contaminated corn and peanutfs- vS
the Ames assay procedure, 100 ng of this foxin generates 1000 histidine revertants in strain TAIQO. Tb's a5
nearly seven times the spontaneous reversion rate for this strain. Other mycotoxins have been idenTif'ed
mutagens with the use of the Ames assay.
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Following negative tests for carcinogenicity in rats, furylfuramide (AF2) was used extensively by the JaPawof
from 1965-1973 as an antibacterial food additive. |In 1973, AF2 was found to be highly mutagenic in s*ra'“sww
E. coli, S. typhimurium, yeast, and Neurospora. These findings initiated new animal carcinogenicity tes in”
revealed that this compound was a carcinogen. Based on these data, Japanese officials banned the use & Tei“
foods. It is, however, still too soon to tell if the widespread usage of AF2 will increase fthe cancer i

Japan.
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Nitroso compounds are potent carcinogens as demonstrated in animal studies. Many of these compounds are ?im5'
tected as mutagens by the Ames test. The most commonly found preformed nitrosamine in foods is dimethy !l
amine which has been identified as a potent carcinogen and can be isolated from hot dogs, ham, and lunche
meats. /

on

)(0
The use of irradiation as a food sterilization process has been defined by the U. S. Food Addifive Ame”dmi&
1958 to the Federal Food, Drug, and Cosmetic Act as adulteration unless the use has been cleared for Safeﬂo'
Thus, foods processed by irradiation must undergo the same rigorous testing that food additives musT unde kel
The Ames assay was chosen as one of the tests to be performed on irradiated meats. Experiments were U?de d be?
to assess the mutagenic potential of thermally processed, frozen, electron-irradiated, and gamma—irrad'a
and chicken. The meat products used in these studies were supplied by the U.S. Army Natick Research an
Deve lopment Command, Natick, MA 01760.
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Initially, experiments using meat samples diluted and blended with water were conducted. This slurrY’llk
material was then used both in the standard Ames plate incorporation procedure and in the spot test. ‘

PRELIMINARY FINDING
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THE SPOT TEST is applicable only to water-soluble compounds. When the spot test was applied to the mQB: afﬂ
there was no indication of mutagenic effect on any of the five ftester strains, but the lawn and revertd TWW; ‘

tern were significantly changed. Normally, revertant colonies are dispersed uniformly over the plate, at 5p°
meats were spot-tested there were no revertant colonies within 2-3 cm of the meat. The lawn near the mom the |
was quite dense when viewed with a low-power microscope. The lawn density decreased as the distance i and ef

meat increased; the lawn density eventually appeared normal. In the area just distal from the meaT spo fhezf
where the plate appeared to have a normal lawn, small revertant colonies appeared. As the distfance fir raﬂ |
spot increased, the size of the revertant colonies increased to what was normally expected. In the ok

of the plate the revertant colonies were normal.

OT!‘ |
The interpretation of the abnormal lawn and revertant colony pattern around the spot is, that near e Sgwfﬂ
complex substances have diffused from the meat and were supplying nutrients. Thus, the non-revertant rfﬂffﬁ [
cells compete with revertant cells for the nutrients contained in the minimal glucose agar and the revjerofme
cells are unable to overgrow the lawn and form macrocolonies. Revertant colonies appearing at fthe b?r 15 4o
zone of dense lawn were quite small because they were competing with the non-revertant lawn for nutrie” e
revertant colonies increased in size near the periphery of the plate because there was no competition the &po
non-revertants for nutrients. The zone beyond where revertant colonies were normal was indicative © dist?
diffusion of meat substances and the start of proper performance by the test strain. Since the area wit
the zone associated with the spot was smaller than the equivalent area on a pour plate, revertant cou

the spotting procedure were lower than those counts obtained with the plate incorporation techniqué- ew(r
e sy

When positive control mutagens were added to the top agar with tester strain, the same abnormal lawn agdgﬂﬁ{

and colony pattern appeared, except that on the outer portion of the plate the number of revertants wa.meoﬁw

increased. There were no revertant colonies in the zone near the meat spot. This helps to verify e un®

that non-revertants are successfully competing with revertants for nutrients and fthat the revertants 2 fhgdﬁc

to form macrocolonies because of this competition. |In the light of the nutrient effect of the meafs_F‘MET

growth of tester strains which were all histidine-dependent for growth, it was theorized that the fre~ 4 af

In the meat would permit an increased number of cell generations. Thus, the chances for cells 10 il

form non-histidine~-dependent macrocolonies would be significantly increased. ﬂrip
whe a{\'c'

T " : : : jons
Difficulties were also encountered when using the plate incorporation procedure. There were OCC?S'o exwan
vertant counts exceeded twice the spontaneous revertant level. |In every case, there was a plauS'Dle
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?Sno Zuf:rfher investigation, the cause was removed and the test proceeded to show non-mutagenicity. There
L sta

f?T“MIaT inable indication of mutagenic effect by any of the meat items or any of the five tester strains.
an* . WE matter and fat globules from the meats made the plates difficult to count. The particulate matter
“?n ot ole meaTs madg the use of automated colony counting machines impossible. The chemical 2,3,5-tri-
fepem_'"alollum chlorlde,‘when incorporated into the media, causes the colonies to be red and easily
'ated from the debris.
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?*&WiENTS were designed and conducted with modification of the standard Ames assay procedures to el iminate
ot SOurces of false positive results. Those experiments included: (a) eliminating of histidine and/or

?FQUTQPOE top agar, (b) determining the amount of free histidine in the meat items and reducing the amount

A% age € top agar, (c) testing and evaluating the chemical 2,3,5-tripheny| tetrazolium chloride to determine

uﬁr' by Nic P?fenffal and potential as a means of differentiating colonies from debris, (d) removing of meat

wk:}mrmacenfr'f”93+i°” and filtration and testing the filtrate with the standard plate incorporation procedure
i

ng. ' ding and reduced levels of histidine in the top agar, (e) verifying "revertant" colonies by streaking on
v en ree media, (f) pre-incubating of tester strain with meats and meat filtrates, and (g) adding known

FPU Meats and meat filtrates with varying amounts of histidine in the top agar.

iy AND Discuss on
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;wgh nZIST]dIne was added to the top agar, the lawns appeared normal and revertant levels approximated those

mf@r 9ative controls for both meat and meat filtrates. When no biotin was incorporated in the top agar, the
=

QP agreverTanT was reduced and the lawns were reduced. When both biotin and histidine were omitted from
8

Sy “the m:r the revertant count was quite low and the lawns were quite sparse. These results appear to indi-
f'menT ETS and meat filtrates may supply sufficient histidine for the assay, but that they do not contain

lotin

e .

e Msts

LIS tig:

%ﬁy, s level of the meats was determined by the use of an amino acid analyzer and by microbiological

~allj 5

LR Ibufesn the level of histidine in the top agar was reduced by 15%, approximately the same level that was
’%*Tha by the meats. The lawn was still more dense when meat and reduced histidine were added to the top
the normal amount of histidine was added without meat (as on the negative control plates). Re-
on plates with reduced histidine and test meats were within the normal range for all strains.
were tested using top agar that had only 50% of the normal amount of histidine and the lawn was
More dense than the lawn on negative control plates. Revertant counts were again in the normal

Pot 98k lonies were tested and verified as frue revertants by their subsequent inoculation onto minimal glu-
o Otrg aTes without histidine or biotin. Growth on such plates is indicative of the return of organism to
+ Y ang can be used as a quality control measure. Due to the difficulty in counting plates, this type
%GTWHﬁ 3SSurance procedure should be used when foods are assayed. True revertant rates ranged from 20 to

Thy S mgh © lowest Jevels of true revertants coming from meat or meat filtrate plates with revertant colony

”%gevwﬁ ST than the negative control. Negative control true revertant rate was about 95%. In some cases,
”‘Srﬂon of counts were high enough to incriminate the test compound as a mutagen, but when the extremely high
‘wn'gng false revertant was taken into consideration, the meats could not be considered mutagens. Also on

"y Undgp. N few cells are present, there is more histidine available for each cell; hence, the background
”%s“@ Agzes More generations and may produce non-revertant microcolonies. When testing food for mutagenicity

) > assay, it is imperative to verify revertant colonies and make suitable allowance for false posi-

ra )

g 'S wges Were exposed to tester strains with S-9 before top agar was added. After exposure, the filtrates
y oy NSO e centrifuged. The liquid was decanted and the cells were reconstituted and used in the standard
ﬂ%n:phnaiéranoﬂ procedures. Revertant counts were lower than the spontaneous revertant counts in all cases.
[ﬁeqh? n 'ON was theorized that cells were lost or destroyed during centrifugation and washing so that fewer
‘m%nmxed € required for optimum sensitivity survived. The addition of known mutagens to the filtrates pro-

f‘%ThETioreS“'*S, ranging from toxicity, mutagenicity, to no effect. The toxicity was probably re!afed TQ )
:Wb%er.jng'f he reason for no effect was probably insufficient or unavailable mutagen because of insolubility
LR VT

ient amount of mutagen added or it was chemically bound and not acffve. The chemical 2,3,5-

i ium chloride (TTC) was an effective means of dyeing revertant colonies red so that fbey could

VW}Q Plat efeﬁ*iafed from the meat debris. Thus, the mutagenic potential of TTC was assayed by using the

B S, Whie '?Corporafion procedure. The compound showed no mutagenicity but revertant counts were lower than
Mgy h is indicative of toxicity.
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Gy o Undertaken to determine the mutagenic activity of beef and chicken that had been frozen, thermally

iy "on irradiated, and gamma irradiated. The Salmonel la/mammmalian microsome mutagenicity assay,
Juslffere o Ames and with several modifications, was performed on beef and chicken that had und?rgone the
»%*gere proCeSSing procedures. Considerable difficulty in performing the test énd interpreting the re-
wﬁgpéeXDEF?O“”*ered. After experiencing high counts of revertants from the homogenized meats ani meat ex-T
kfhiv?ﬂhn ments were conducted that showed on some occasions up to 80% of the apparent reyerTaTis Yirefvi. y
0 1 It was presumed that the meats contained water-soluble growth factors, sPecxfnca y i 92'| |$h
is1iwhlch apparently supported greater than normal growth and macrgcolony formation. . Subsequently, 3 e
'"e in the media was reduced by an amount equal to that contributed by the meats. Also, extracts
€ substituted for whole meats as test material for evaluation. Particulate matter from the whole
Mated colony counting impossible and complicated manual counting. Data collected failed fo

any of the meats or processing techniques as producing mutagens. We concluqed ThaT the test
Cabili‘ry to whole food items and that the use of thermal, frozen, electron-irradiated, and
prOCeSSing do not induce mutagenic potential in chicken or beef.
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