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k d  o.?.!as+ few years, the use of microbial systems to screen substances for mutagenic potential has re-
i. ̂ °ons i derab 

bacteri
e attention. Test procedures using the yeast, Saccharomyces cerevisiae. the fungus Neurospora.

g , a Salmonella typhimurium and Escherichia coli have been developed. Of these procedures, the 
C|n' ®kie^s^amma I ian microsome mutagenicity assay, developed by Dr. Bruce Ames and co-workers, has been used 
citiQ ch78-^' ^his assay has demonstrated an approximate 90jE accuracy in the prediction of a variety of car- 
C0(id̂en'c. Mm 'Cals aS mu"l’a9ens- 1+ is equally accurate in predicting that a non-mutagenic compound is non-car- 
°Srisat^ Mufagens identified by this assay range from flame retardants used in fabrics to cigarette smoke

" W  TA100 rT, mutagenesis assay developed by Ames employs mutant strains of Salmonella typhimurium designated
f6's to "^1535, TAI537, and TAI538. Due to a specific mutat ion in the histidine operon, these strains are 

ib|ew Ce| | d?w . *n +he absence of histidine. When grown on media containing a level of histidine sufficient for 
sl0|) a3a i nst 1 V| s ' °ns, only cells able to revert to histidine independence are able to form colonies easily vis- 

’ °Wgv background lawn. Each of these mutant strains has a fairly constant rate of spontaneous rever- 
L ei~,
O U t

the mutation frequency is significantly increased when a chemical mutagen is added to the system.

°n,ai irig_j_̂ °.̂ be previously described mutation within the histidine operon, the five tester strains contain ad- 
lons to increase their usefulness in the assay. All strains contain the rfa mutation which results"V  ®ased _ _ , ........... -  -------

V ' n  fhe Permeabi I ity of the cell wall allowing the entrance of more substances. All of the tester strains
\  S ^he UvrB mutation which results in defective excision repair of damaged DNA molecules. This mutation en- 

Vpe ensifivity of the strains to some mutagens. By incorporating all five tester strains into each assay.

aktS0|

can be distinguished. Strain TAI535 is useful in the detection of mutagens which cause 
...ns. Strains TAI537 and TAI538 are for detection of frameshift mutagens. Strains TA98 and

derived by the addition of a plasmid to strains TAI538 and TAI535, respectively. Carriage of thiss
So
y°of muta9ens are inactive unless they are metabolized to active forms.

these two strains more sensitive to certain mutagens in addition to providing resistance to ampi- 
V ' l t i  mu+agens are Liver enzymes possess the

Of
ac+ivat|rne+abo' izing many of +hese compounds to their mutagenic form. For this reason, a mammalian micro-

ths t h
is included in the test.(S-9 activation) system prepared from rat liver

the one most frequently used
l % ‘nree f

This ?rrnats for performance of the
ls 3 quantitative test run by combining the test substance with about

assay,

V
V * Th<when

s the plate incorporation pro- 
100 bacteria and rat liver

«Pe
S-9 activation is desired, in 2 ml of molten 0.6^ agar containing 0.05 mM histidine and 0.05 mM

^ ' 0tin(Ŝ Sequently ¡
The e n + ir. r\r-\

fixture is poured onto the surface of a minimal glucose agar plate and hardens as a thin overlay
i h e « - .  . .  . _  . _ . „  .  , ,  _______i__ • ____ ____  I I , ,  ~  X- P, T — 4- ! 4

h0‘ From
ncubated at 37 C for 48 hours. Since the medium contains a limited supply of histidine 

enti re population undergoes only a few divisions before the supply is exhausted and cell division
. lr% r  ?° I on i" point, only cells capable of reverting to histidine independence will grow and produce macro­
n s *  c es on pla"̂"e * Following the incubation period, these revertant colonies are scored and their

with the number of spontaneous revertants for the strain being used. If the number of revert-

C'Qn i^r°cedure Is a qualitative test.
P ̂ ucose agar plate already containing the agar overlay with the test organism and microsoma

by the test substance is twice that of the spontaneous reversion rate, the test is considered posi-

In this modification, the test substance is placed on the surface 
acti-

~ k rT c . when desired. The test substance diffuses into the agar, setting up a concentration gradient.
Pounds ni\  .

JV'quirt
k ;  V .P r e

es surrounding the spotted chemical constitute a positive test. Use of this procedure is limited
wbich diffuse read My.

■best'ncubation procedure was developed for use with compounds which do not readily diffuse.
!nc! inc ,so|uti°n, microsomal activation system, when desired, and bacterial culture are combined in steri le 

agar a "̂ed with shaking at either 37 C for 20 minutes or 30 C for 30 minutes. Following this preincuba- 
If, 8r| and .'s added and the tube contents are poured onto the surface of a minimal glucose agar plate, allowed 

 ̂ lncubated 48 hours at 37 C before revertants are scored.

earK6 Perf°rmance of each assay are several controls. First, quality control tests are performed to 
"’P+aiw assay strain has retained all of its genetic markers. Second, a short assay is performed with

¡in, to demonstrate the strain's ability to perform properly in

In this

aPpropr assay
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the presence of a chemical mutagen. Third, negative controls are included with the test run and are simp Y 
measure of the spontaneous reversion rate for each tester strain. Fourth, during the scoring of revertan { 
colonies, lawns on plates are examined microscopically (low power I00X). Absence of bacterial lawn from a 
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 e ty 
cess histidine present in the system. Finally, colonies scored as revertants are verified as true revert3 ,\0r 
transferring them to a minimal glucose agar plate containing no histidine (or biotin). Growth on plates 
ing 24-hour incubation at 37 C is indicative of true reversion to histidine independence.

la teThe assay is considered to be operating properly if the strains have their markers, exhibit the appropi"'- 
level of mutagenesis when treated with a known mutagen, and show a spontaneous reversion rate within the  ̂^  
suggested by Dr. Ames. If these conditions have been met, a positive test is indicated when the averags 
vertants on the test plates exceeds the average of revertants on the negative control plates by at leas .
factor of two. Test substances demonstrated to be positive in the Ames assay are usually retested at var 
concentrations to establish a dose response curve.

Foods can and do contain chemical mutagens. Aflatoxin Bj may be found in contaminated corn and peanuts. 
the Ames assay procedure, 100 ng of this toxin generates 1000 histidine revertants in strain TAI00. 
nearly seven times the spontaneous reversion rate for this strain. Other mycotoxins have been i dent i fIe

¡tH

mutagens with the use of the Ames assay.

Following negative tests for carcinogenicity in rats, f ury I f urami de (AF2) was used extensively by Japan^f
965-1973 as an antibacterial food additive. In 1973, AF2 was found to be highly mutagenic in stra 'fs W1’11'

. These findings initiated new animal carcinogenicity +® ^  i11
from
E_. co I i , S_. typh imuri urn, yeast, and Neurospora. These findings initiated new animal card nogen I ci Ty "7 pf2 
revealed that this compound was a carcinogen. Based on these data, Japanese officials banned the use o |p 
foods. It is, however, still too soon to tell if the widespread usage of AF2 will increase the cancer r 
Japan.

d g"
Nitroso compounds are potent carcinogens as demonstrated in animal studies. Many of these compounds ar® ¡fr°5 
tected as mutagens by the Ames test. The most commonly found preformed nitrosamine in foods is dimethy 
amine which has been identified as a potent carcinogen and can be isolated from hot dogs, ham, and lunc 
meats

ndmen
The use of irradiation as a food sterilization process has been defined by the U. S. Food Additive ^mer1igty. 
1958 to the Federal Food, Drug, and Cosmetic Act as adulteration unless the use has been cleared for sa êrgo- 
Thus, foods processed by irradiation must undergo the same rigorous testing that food additives must un,erfŜ ej 
The Ames assay was chosen as one of the tests to be performed on irradiated meats. Experiments were un j b® 
to assess the mutagenic potential of thermally processed, frozen, e lectron-irradiated, and gamma-irra 1 
and chicken. The meat products used in these studies were supplied by the U.S. Army Natick Research an 
Development Command, Natick, MA 01760.

i ¡|<e
Initially, experiments using meat samples diluted and blended with water were conducted. This slurry' 
material was then used both in the standard Ames plate incorporation procedure and in the spot test.

PRELIMINARY FINDING
meat it«1iii>5'

awn and revertan^
fit ^

The lawn near the fpe

THE SPOT TEST is applicable only to water-soluble compounds. When the spot test was applied to the 
there was no indication of mutagenic effect on any of the five tester strains, but the 
tern were significantly changed. Normally, revertant colonies are dispersed uniformly over the plate 
meats were spot-tested there were no revertant colonies within 2-3 cm of the meat. The lawn near ■ 
was quite dense when viewed with a low-power microscope. The lawn density decreased as the distance ^  apd
meat increased; the lawn density eventually appeared normal. In the area just distal from the meat 5P ^
where the plate appeared to have a normal lawn, small revertant colonies appeared. As the distance ’r r gf'
spot increased, the size of the revertant colonies increased to what was normally expected. In the 0
of the plate the revertant colonies were normal.

The interpretation of the abnormal lawn and revertant colony pattern around the spot is, that near the_ sp°f
"  — .. . . . .  r . ----------------------- — ■ -------- ------------------ ■ ------------ --------- ----------------------------- ----------------1 I------------------------------------------------ -------- - r - -  - - * -------- . foQC

complex substances have diffused from the meat and were supplying nutrients. Thus, the non-revertan^^^api ^
t e[

cells compete with revertant cells for the nutrients contained in the minimal glucose agar and the re ,gr 
cells are unable to overgrow the lawn and form macrocolonies. Revertant colonies appearing at the 
zone of dense lawn were quite small because they were competing with the non-revertant law 
revertant colonies increased in size near the periphery of the plate because there was no compel i'"-, *'\{0

non-revertants for nutrients. The zone beyond where revertant colonies were normal was indicative o 
diffusion of meat substances and the start of proper performance by the test strain. Since the area 
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 technique- A1

and
When positive control mutagens were added to the top agar with tester strain, the same abnormal âwnwaS 
and colony pattern appeared, except that on the outer portion of the plate the number of revertants fte° 
increased. There were no revertant colonies in the zone near the meat spot 
that non-revertants are successfully competing with 
to form macrocolonies because of this competition. In

fl>e
-  ?or n u t r ie n ; - t jV

This helps to verify ^ e u.
revertants for nutrients and that the revertant5 fh®¿p8 

the light of the nutrient effect of the meats ^I O* I W I III II I Cl Vrf | W  V_W | W  I I I O __I U  W '— U  U  O V—. d  I I I I I _i V___VUI I I yj O  I I I I V*/l I • I I I  I I I  w  I I VJ I I I  W I I I I  w  I I '-I I I I *-* I I I w  I I w  w  I V  I i i i V  .  I |

growth of tester strains which were all histidine-dependent for growth, it was theorized that the ’’ ri 
in the meat would permit an increased number of cell generations. Thus, the chances for cells to r 
form non-histidine-dependent macrocolonies would be significantly increased.

Difficulties were also encountered when using the plate incorporation procedure. There were occasional 
vertant counts exceeded twice the spontaneous revertant level. In every case, there was a p I aus i t>

an"

wh0n flo"
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art(j , .
'»as nltfl fu rthe r ik 0̂ . . I .. . ww . . J,« , , w,,, .,io v-uuoc was I cmuvtiu dllU me T
frr*lcu|atBai! ! f^ 6 in d iira+ion mutagenic e f fe c t  by any o f the meat
h,L?° S u ,;L ;^ r . :nr ^ t l ? ! t i 0n' , +he, CaUSe was; , removed a" d +he tes t proceeded to show non-mutagen!city

gi ■ —  ■ —  ■ w 1 '"“ 'uyciiK, ci I c c  I uy a n y  ur
matter and fat globules from the meats made the

There
rn "are ma++ . , , . . .  - - / - —  ---  .terns or any of the five tester strains.
O  Wh0; r  t r l  !++r ules/ r°^ +h! ? a+? made +he Pla+es difficul+ +° count. The particulate matter 
iffV1 +etra7ni- kTad?a+he Use 0f au+oma+ed colony counting machines impossible. The chemical 2,3,5-tri-

Srsn+iated jromCiherdebris n inc°rpora+ed 'n+° +he media- causes the colonies to be red and easily

&(F>|
ntalERlM£|

PofER| mENTS w
bCfia, *®re de® 1 gned and conducted with modification of the standard Ames assay procedures to eliminate; S o i i r r n r  _  r  r  , . . .  , ,  _L. ---------------- u o o c y  p i ^ c u u i  e s  i u  « I  i m i n a i e
«drt 'n from +r̂  f fa's® positive results. Those experiments included: (a) eliminating of histidine and/or 
'V d +0 the + a9ar’ b de+ermlnin9 +he amount of free histidine in the meat items and reducing the amount 
V - Uta9 e n i r (c) f-estmgand evaluating the chemical 2,3,5-tr i pheny I tétrazolium chloride to determine 
k'ltKls bY centr°Ien+ia a0d P°ten+laJ as a means °f differentiating colonies from debris, (d) removing of meat 
^Sf-bormai 1 u9ation and f i Itration and testing the filtrate with the standard plate incorporation procedure 
W d'ne frpc reduced I eve I s of histidine in the top agar, (e) verifying "revertant" colonies by streaking on 

to edla’ (f> pre-incubating of tester strain with meats and meat filtrates, and (g) adding known 
Ts and meat filtrates with varying amounts of histidine In the top agar.

\  S AND Discuss|°N

°f thn° b i st i H
\(j 6 ne9atl vI1"* W?S aaaea To The top agar, the lawns appeared normal and revertant levels approximated those 
V ® r of reVpr+=°+ r° IS f°r b°+h mea+ and meat filtrates- When no biotin was incorporatedrevpr+ j. 101 uuvn meaT ana meaf f i ITrates. When no biotin was incorporated in the top agar, the
%  ?  a9ar +h n+ WaS reduced and +he l^ns were reduced. When both biotin and histidine were omitted from 
Sgf f ¡ T|?e " te a ta  6  r e v e r t a n t  count was quite low and the lawns were quite sparse. These results appear to indi- 
v C|ent bio+i mea+ fil+ra+es may supply sufficient histidine for the assay, but that they do not contain
1)6 h- 

ft):s.Ififr
'Sf|dine 

The level of the meats was determined by the use of an amino
'bL+„®n + h e level of histidine in the top agar was reduced by 15?, approximately the same level that was

acid analyzer and by microbiological

V“K' d|lan WKby the meats. The lawn was still more dense when meat and reduced histidine were added to the top

'96.

■ VJ rj I W • I no lunu w

'^5? counf^ the normal amount of histidine was added without meat (as on the negative control plates). Re- 
11 or̂ PI a1"es w i th reduced h ¡si-¡dine and "fesl" meats were within the normal range for all strains.

S1 i9ht|v W6re tested usin9 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

" N t col .
tl'0fo?ar Pla+ni8S were tested and verified as true revertants by their subsequent inoculation onto minimal qlu- 
“f / T ' W  a+®s without histidine or biotin. ~ '' ■Growth on such plates is indicative of the return of organism to 
, . . "y at._ can be used as a quality control measure. Due to the difficulty in counting plates, this type
S +  ,1V t h  Urance procedure should ■
S5j%a|>  and'ty

th.
9he\

' < > / of

be used when foods are assayed. True revertant rates ranged from 20 to0. ■ — ujouyou . iiuc icvci igm i ci i co I anycu I Ulll £. I (J
r. aner +hWeS' 'eve ŝ of true revertants coming from meat or meat filtrate plates with revertant colony 
tk>K?rtan+ an +be ne9a+ive control. Negative control true revertant rate was about 95?. In some cases,.. 1 llr,. 1 1 CO I I n + ________ ....... . . . . . . .  . '

S ‘

counfs were hjgh enough to incriminate the test compound as a mutagen, but when the extremely high 
whSn * se rever+an+ was taken into consideration, the meats could not be considered mutagens. Also on 
goes ieW cells are present, there is more histidine available for each cell; hence, the background 

Aines m°re 9enerations and may produce non-revertant microcolonies. When testing food for mutagenicity 
assay, if ¡s imperative to verify revertant colonies and make suitable allowance for false posi-

K i N t e s  we,'s Wer^ were exposed to tester strains with S-9 before top agar was added. After exposure, the filtrates 
V  ^uî^rpor 5?ndT' f u9ed- "fbe liquid was decanted and the cells were reconstituted and used in the standard 
0  fh nafion IOn Procedures. Revertant counts were lower than the spontaneous revertant counts in all cases. 

^  dumber W9S f'heorized that cells were lost or destroyed during centrifugation and washing so that fewer 
res re9u 'red for optimum sensitivity survived. The addition of known mutagens to the filtrates pro- 

V^fsh^'on Sui^s' ranging from toxicity, mutagenicity, to no effect. The toxicity was probably related to
nsijff. 8 reason f°r no effect was probably insufficient or unavailable mutagen because of insolubility 

Sjj ■ re+„_ 'c 'ent amount of mutagen added or iH:

Wh • ch

or it was chemically bound and not active. The chemical 2,3,5- 
revertant colonies red so that they could

ris.
ncorporation procedure. The compound showed no mutagenicity but revertant counts were lower than 
ls indicative of toxicity.

j j - p p  -----' > ..u  ■ i u u  u o o  I i i n u j  C I IO I IM  cj i i y

T  diff 20  ̂' urn chloride (TTC) was an effective means of dyeing,, 'te rn n + I.x . j , ,, . . . .  _. . 3
'■glS.PI>.e id p|a^ eî en+iated from the meat debris. Thus, the mutagenic potential of TTC was assayed by using the

\  .............

^  on
6 lec+Sr+al<en Ps+ermine the mutagenic activity of beef and chicken that had been frozen, thermally 

C d ,  'bed bv »°n irradiated, and gamma irradiated. The Sa Imone I I a/mammma I ¡an microsome mutagenicity assay, 
H  " Wg rent /'rnes aRd with several modifications, was performed on beef and chicken that had undergone the 
V'T. r® enCoPr°cess'ng procedures. Considerable difficulty in performing the test and interpreting the re- 

Af+er exPe riencing high counts of revertants from the homogenized meats and meat ex- 
bi ®rtan ents were conducted that showed on some occasions up to 80? of the apparent revertants were not

* f ! V S e  ,+ ------------------ --------------------------------- -------------------------- --- .................. .................wh. If was presumed that the meats contained water-soluble growth factors, specifically identified 
: ..lcb aDDarf?n+lv cunnor+oH nroator +u=.n nnrmai nrow+h and macrocoIonv formation. Subsequently, the*^6 fn̂ îsfî 'T ch . apparent I y supported greater than normal growth and macrocolony formation.

n 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 wholeWen

au+omated cotha .̂'aTed colony counting impossible and complicated manual counting. Data collected failed to 
app| -anT of the meats or processing techniques as producing mutagens. We concluded that the test 

/ ^ abi I i+y to whole food items and that the use of thermal, frozen, electron-irradiated, and'a+eq Processing do not induce mutagenic potential in chicken or beef.
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