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Spiral Salmonella Assay: 
Validation Against the Standard Pour-Plate Assay 
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~~~~~~~ ~ ~ ~ 

The spiral Ames assay, an automated approach to centrated 20-fold to increase sensitivity. Thirty-eight 
bacterial mutagenicity testing which simplifies the compounds from a variety of chemical classes, in- 
test procedure and reduces the amount of drug re- cluding both pharmaceuticals and known mutagens 
quired to generate mutagenic dose-response infor- of moderate to strong potency, were tested in both 
motion, has been evaluated and validated for rou- the spiral and the standard pour-plate assays. There 
tine screening. The spiral plater delivers the Salmo- was overall test agreement on positive or negative 
nella bacteria, exogenous metabolic activation results for 82% of the compounds tested. When only - 
system and drug to the surface of a rotating agar 
plate one on top of another in such a way that a 
uniform density of bacteria is exposed to a logarith- 
mically decreasing volume of drug. Following an 
incubation of 48 hr at 37"C, the plates are scanned 
by a laser counter, and the data are subjected to a 
computerized analysis. Petri plates of 15 cm diame- 
ter were used to provide a concentration range of 
about 250-fold per plate. The Salmonella were con- 

the results from strains TA98 plus TA100 were con- 
sidered, the agreement was 87%. When positive 
results were obtained, the fold increase over vehicle 
control was on average twice as great for the spiral 
assay compared to the pour-plate assay. It was con- 
cluded that the two assay procedures generally pro- 
vided comparable results, with the spiral assay being 
somewhat more sensitive in terms of dose-response 
than the pour-plate assay. o 1996 WiIey-Liss, Inc. 
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INTRODUCTION 

The in vitro Salmonella mutagenicity assay, developed 
by Dr. Bruce Ames and co-workers [Ames et al., 1975; 
Maron and Ames, 19831, has become one of the most 
widely used short-term genotoxicity assays for routine 
testing. The Ames assay is rapid, inexpensive and reliable 
and has a large data base. The standard plate assay in- 
volves mixing Salmonella bacteria, various concentra- 
tions of test substance and a metabolic activating system 
(activated tests only) together in a molten top agar and 
pouring the suspensions on top of hardened agar in petri 
plates. After a 48-hr incubation, the number of colonies 
on each petri plate is counted to determine if the test 
substance induced an increase in the number of mutant 
colonies compared to vehicle controls. Recently, an auto- 
mated spiral Salmonella mutagenicity assay was intro- 
duced which simplifies testing and reduces the amount of 
test substance needed to conduct the assay [de Flora, 
1981; Houk et al., 19891. Previous validation studies of 
the spiral assay have found it to have good agreement 
with the standard pour-plate assay [Claxton et al., 1991; 
Mayo and Aaron, 19911, but with increased sensitivity in 
terms of the dose-response obtained [Houk et al., 1989, 
1991, 19921. Previous studies utilized 10 cm culture plates 
and compared results using known standard positive con- 
trol compounds. During our initial work with this new 
assay, we observed that the range of concentrations avail- 
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able (approximately 13:l) with the use of 10 cm plates 
was limited. For our intended use as a screening assay, 
a wider range of concentrations (approximately 242: I), 
which could be provided by using 15 cm plates, was 
desirable. The purposes of this study were to validate the 
assay using 15 cm plates using a series of known standard 
positive control compounds and to assess the performance 
of the assay using a series of pharmaceutical compounds, 
since these are the type of compounds tested in our lab- 
oratory. 

MATERIALS AND METHODS 

Both the standard pour-plate and spiral assays were performed essen- 
tially as previously described [Ames et al., 1975; Maron and Ames, 
1983; Houk et al., 1989; Claxton et al., 19911 with modifications men- 
tioned below. For the spiral assay, a spiral plater (model no. DV2) 
and laser spiral plate colony counter (model no. 500A) with associated 
software (version no. 3.0) from Spiral Biotech, Inc., Bethesda, MD, 
were used. 

Petri Plates 

Petri plates (100 x 15 mm) containing approximately 25 ml of Vogel- 
Bonner agar were used for the standard plate assay. Petri plates (150 X 
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TABLE 1. Positive Control Compounds 

Positive control compounds 
S-9 mix Pour-plate test Stock spiral 
activated concentration concentration Salmonella strains 

N-methyl-N’-nitro-N-nitrosoguanidine No 10 pg/plate 100 yg/ml TA-1535 and TA-100 
Quinacrine mustard No 5 pg/plate 200 pg/ml TA-1537 
2-Nitroflurene No 10 pg/plate 200 pg/ml TA-98 
2-Aminoanthracene Yes 2.5 @plate 200 pg/ml All strains 

I5 mm) containing approximately 50 ml of Vogel-Bonner agar supple- 
mented with 1.5 pg/ml biotin and 0.8 Fg/ml L-histidine HCl were used 
for the spiral assay. 

Salmonella 

Salmonella strains TA-1535, TA-1537, TA-98, and TA-100 were used 
for both the plate and spiral assays. For the plate assay, flasks containing 
approximately 10 ml of nutrient broth were inoculated with Salmonella 
by scraping a sterile wood stick across the surface of a frozen stock 
culture and dipping the stick into the broth. For the spiral assay, flasks 
containing approximately 100 ml of nutrient broth were inoculated with 
0.2 ml of thawed Salmonella inoculation stocks. After overnight growth 
in a 37°C shaking water bath, plate test cultures were used directly. 
Spiral test cultures were transferred into centrifuge tubes and centrifuged 
at approximately 3,OOOg for approximately 20 min. The supernatant was 
withdrawn from each tube, and each pellet was resuspended in 5 ml of 
Dulbecco’s phosphate buffered saline (& dilution) for the spiral assay. 

S-9 Mix 

Aroclor 1254-induced rat liver microsomes (S-9 fraction) from Or- 
ganon Teknika were used in the S-9 mix for both the plate and spiral 
assays. S-9 mix (5% or 10% S-9 depending on the S-9 lot) was prepared 
for the plate assay. S-9 mix (20% S-9) was prepared for the spiral assay, 
and separate vials of S-9 mix were maintained for each Salmonella 
strain. In both assays, S-9 mix contained, in addition to S-9, 0.008 M 
MgCl,, 0.034 M KCI, 0.1 M Na,HPO, H20, 0.005 M glucose-6-phos- 
phate, 0.004 M NADP. S-9 mix was prepared shortly before use and 
kept on crushed ice until it was used. 

Top Agar 

For the standard pour-plate test only, top agar supplemented with 
12.2 pg/d biotin and 10.5 pg/ml L-histidine HCI was used. 

Positive Control Compounds 

The compounds listed in Table I were used as positive controls. 
Positive control compounds were prepared in dimethyl sulfoxide 
(DMSO). 

Test Compounds 

Test compounds were prepared for the pour-plate assay at concentra- 
tions of 1.3, 10, 30, 100,300, 1,OOO, 2,000,5,000, 10,OOO pg/plate. Test 
compounds were prepared in DMSO. Test compounds were prepared 
for the spiral assay to have an stock concentration of up to 34.5 mg/ml 
in DMSO. This would yield a dose range equivalent to 20.6 to 4,990 
pg per standard pour plate. Two milliliters was prepared for each com- 
pound (69 mg/2 ml). If a problem developed with precipitate on the 

first spiral plate, the compound was further diluted with DMSO until 
no precipitate formed on the petri plate. Test compounds used and their 
sources were 9-aminoacridine (Aldrich), cyclophosphamide (Sigma), 
benzo(a)pyrene (Sigma), ethyl-methanesulfonate (Sigma), 4-nitroquino- 
line- 1-oxide (Sigma), 6-mercaptopurine (Sigma), N-methyl-N’-nitro-N- 
nitrosoguanidine (Aldrich), 2-acetamidofluorene (Aldrich), aminoan- 
thracene (Aldrich), mitomycin C (Sigma), sodium azide (Sigma), 2- 
nitrofluorene (Aldrich), menadione (Sigma), dimethylbenzanthracene 
(Sigma), menadione dimethyl-pyrimidinol bisulfite (Abbott). All of the 
coded pharmaceutical compounds were obtained from Abbott Labora- 
tories, and all had 5 98% purity. 

Plating for the Pour-Plate Test 

For the standard pour-plate assay, single plates were used for each 
concentration. The vehicle control (DMSO), positive control and test 
compound solutions were placed in tubes. Top agar supplemented with 
histidine-biotin was added to each tube. S-9 mix was added to the 
activated test tubes. Each tube was swirled and the contents were poured 
into a petri plate containing Vogel-Bonner agar. 

Plating for the Spiral Test 

For the spiral assay, all tests were done in duplicate. The spiral plater, 
a specialized dispensing instrument, was used to plate the bacteria, 
compounds and exogenous metabolic activation system. The bacterial 
strains were plated in a spiral pattern at a constant concentration using 
the uniform cam. Control, positive control and test compounds were 
plated in the same spiral pattern at logarithmically decreasing concentra- 
tions using the variable cam. The S-9 mix was plated using the variable 
cam on all activated assay plates. For all spiral plates the bacteria were 
plated first, the compound second and the S-9 mix (activated assays 
only) third. The spiral plater was operated in the semi-automatic mode 
for all plating. Positive control compounds were plated after all of the 
vehicle control and test compounds had been plated. 

Incubation and Plate Reading 

Petri plates were incubated at approximately 37°C for approximately 
48 hr before mutant colonies were counted. For the pour-plate test, the 
colonies on the petri plates were counted using an Artek 880 colony 
counter. For the spiral assay, the colonies were counted using a laser 
counter, and the results were collected and analyzed via computer soft- 
ware from Spiral Biotech. 

Interpretation of Results 

A result was considered positive if colony counts in test compound- 
treated cultures were three times the vehicle control colony counts for 
strains TA-1535 and TA-1537 and two times vehicle control colony 
counts for strains TA-98 and TA-100. Although the presence of a dose- 
response is always sought in the interpretation of pour-plate assays, in 
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TABLE II. Comparison of Lowest Positive Concentration Amounts (pg/Petri Plate) in Pour-Plate and 
Spiral Ames Assays-Standard Positive Compounds 

Pour-plate assay Spiral assay Compound and 
Salmonella strain Non- activated Activated Non-activated Activated 

9-Aminoacridine (1 - 10,000/10-2,495)” 

TA-1535 
TA-1537 
TA-98 
TA-100 

h - 
100 (93)’ 
- 

- 

- 

100 (95) 
- 
- 

- 
32 (268) 

- 
- 

- 
32 (373) 

- 
- 

Cyclophosphamide (1 - 10,000/20-4.990) 

TA- I535 
TA-1537 
TA-98 
TA- 100 

207 (74) 
- 
- 

2,628 (3) 

538 (18) 
- 
- 

2,628 (2) 

Benzo(a)pyrene (1 - 10,000/0.6- 156) 

TA-1535 
TA- 1537 
TA-98 
TA-100 

0.6 (67) 
- 

- 

- 

Ethyl methanesulfonate (10- 150,O00/20,620-4,990,000) 

TA- 1535 
TA- 1537 
TA-98 
TA-100 

337,000 (4) 
- 
- 

538,000 (2) 

116,000 (4) 

207,000 (5) 
- 

- 

4-Nitroquinoline- 1 -oxide (1 - 10,000/2-499) 

TA-1535 - 

TA-1537 - 

TA-98 3 (4) 
TA-100 3 (3) 

6-Mercaptopurine (1 -300/0.8-200) 

TA-1535 
TA-1537 
TA-98 
TA- 100 

10 (12) 
- 

- 
- 

Methyl nitro nitrosoguanidine (1 - 10,000/21-4,990) 

TA-1535 
TA-1537 
TA-98 
TA-100 

207 (266) 
869 (16) 

207 (30) 
2,628 (5) 

207 (355) 
517 (9) 

1,472 (10) 
207 (29) 

2-Acetamidofluorene (1 - 10,000/3-624) 

TA- 1535 - 
TA-1537 - 

TA-98 - 

TA-100 - 

- 
109 (6) 

- 

Mitomycin C (1 -300/2-499) 

TA-1535 
TA-1537 
TA-98 
TA-100 
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TABLE II. Continued 

Compound and Pour-plate assay Spiral assay 

Salmonella strain Non-activated Activated Non- activated Activated 

Aminoanthracene (1  -5,000/1-299) 

TA- 1535 
TA-I 537 
TA-98 
TA-100 

Sodium azide (1 - 10,000/1-299) 

TA-1535 
TA-I 537 
TA-98 
TA-100 

1 (112) 
toxic 
- 

1 (26) 

2-Nitrofluorene (1 - 10,000/0.0006-0.1559) 

TA-1535 
TA-1537 
TA-98 
TA-100 

- 
0.0006 (56) 
0.0006 (101) 
o.Oo06 (1 I)  

- 
0.0006 (43) 
0.0006 (105) 
0.0006 (12) 

Menadione (1 -10,000/0.04-9.98) 

TA-1535 

TA-98 
TA-1537 

TA-100 

Dimethylbenzanthracene (1 - 10,000/0.002-0.039) 

TA-1535 
TA-1537 
TA-98 
TA- 100 

- 
300 (18) 
30 (27) 

300 (6) 

- 
10 (15) 

100 (8) 
3 ( 5 )  

- 
0.0016 (8) 
0.0009 (8) 
0.0016 (8) 

- 

- 
- 

- 

- 
0.0005 (20) 
0.0003 (17) 
0.0009 (9) 

Menadione dimethyl-pyrimidinol bisultite (1 - 10,000/0.4- 100) 

TA-1535 
TA-1537 
TA-98 
TA-100 

"Concentration range tested, vg/plate (pour-platelspiral). 
'Negative. 
'Fold increase over concurrent vehicle control. 

the case of the spiral assay, the presence of a positive dose-response 
curve was mandatory in order to conclude a positive result. The spiral 
assay yields a continuous dose-response curve as opposed to the results 
at discrete concentrations in the pour-plate assay. Accordingly, more 
weight can be placed on the presence or absence of a continuous, posi- 
tive dose-response. In working with the assay, it was found that occa- 
sional points on the dose-response curve may exceed the criterion of 
two or three times the vehicle control. However, isolated data points of 
this nature cannot represent a positive result unless they are surrounded 
by other data points which demonstrate a positive trend with increasing 
concentration, or a positive trend followed by a decreasing trend with 
toxicity at higher concentrations. Occasionally, in our early trials with 
the assay, a seemingly positive, but non-sensible dose-response curve 
was observed at the low-concentration end of the dose-response curve. 
This was found to be due to excessive meniscus in the hardened agar 

at the outer edge of the petri plate. This problem was overcome by 
using a larger volume of agar, i.e., 50 ml. Accordingly, a positive dose- 
response curve occurring only at the lower concentrations should be 
viewed with caution. A true positive dose-response occurring in this 
region should be confirmable by repeat with a lower initial concentration 
of test compound so that the positive portion of the curve is shifted 
away from the edge of the plate. 

RESULTS 

The results of the comparison of commercially avail- 
able chemicals in the standard pour-plate and the spiral 
Salmonella assay are summarized in Table 11. The results 
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TABLE 111. Comparison of Lowest Positive Concentration Amounts (pg/Petri Plate) 
for Pharmaceutical Compounds in Pour-Plate and Spiral Ames Assays 

Pour-plate assay Spiral assay 

Compound and Salmonella strain Non-activated Activated Non-activated Activated 

Compound 1 (1- 10,000/2-499)” 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 2 (1 - 10,000/21-4,990) 

TA- 1535 
TA-1537 
TA-98 
TA-100 

Compound 3 (1- 1,000/23-299) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 4 ( 1 - 10,000/2 1 -4,990) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 5 ( 1 - 10,000/2 1 -4,990) 

TA-1535 
TA- 1537 
TA-98 
TA-100 

Compound 6 (1-10,000/21-4,990) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 7 (1 -2,000/21-4,990) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 8 (1 - 1O,O00/10-2,495) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 9 (1-10,000/1-312) 

TA- 1535 
TA-1537 
TA-98 
TA-100 

- 
- 
- 

- 

- 
- 

- 
- 

138 (7) 
138 (103) 
175 (6) 
138 (9) 

- 
- 

- 
- 

- 

- 
116 (30) 

- 

- 
21 (29) 
- 

116 (3) 

- 
- 
- 
- 

- 
10 (62) 
58 (5) 

343 (2) 

- 

- 
- 
- 
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TABLE 111. Continued 

Pour-plate assay Spiral assay 

Compound and Salmonella strain Non-activated Activated Non-activated Activated 

Compound 10 (1-5,000121-4,990) 

TA- 1535 - 

TA- 1537 - 

TA-98 
TA- 100 

- - - 
- - - 

- - - - 

- - - - 

Compound 11 (1 -5,000/21-4,990) 

TA-1535 
TA-1537 
TA-98 
TA-100 

- 

21 (29) 
- 

- 

Compound 12 (1 

TA-1535 
TA-I 537 
TA-98 
TA-100 

10,000/5- 1,247) 

10,000/1-3 12) Compound 13 (1  

TA-1535 
TA-1537 

TA- 100 
TA-98 

Compound 14 (1-10,000/7-1,663) 

TA-1535 

TA-98 
TA-1537 

TA- 100 

Compound 15 (1 - 10,000/10-2,502) 

TA-I 535 
TA-1537 
TA-98 
TA-100 

Compound 16 (1 

TA-1535 
TA-1537 
TA-98 
TA-100 

10,000/7- 1,663) 

10,000/21-4,990) 

10,000/21-4.990) 

Compound 17 (1 

TA-1535 
TA- 1 5 37 
TA-98 
TA-100 

- 
- 

5,000 (3) 
- 

Compound 18 (1 

TA-1535 
TA-1537 

TA- 100 
TA-98 

(continued on next page) 
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TABLE 111. Continued 

Pour-plate assay Spiral assay 

ComDound and Salmonella strain Non-activated Activated Non-activated Activated 

Compound 19 (1- lO,OOO/lO-2,495) 

TA-1535 
TA- 1537 
TA-98 
TA-100 

Compound 20 (1 - 10,00012 1-4,990) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 21 (1-10,000/5-1,247) 

TA-1535 
TA-1537 
TA-98 
TA-100 

Compound 22 (1 - 1O,OOO/21-4,990) 

TA-1535 
TA-1537 
TA-98 
TA- 100 

Compound 23 (1 - 10,000/21-4,990) 

TA-1535 
TA-1537 
TA-98 

30 (47) 30 (48) 21 (116) 21 (125) 
100 (1 1) 300 (10) 337 (11) 337 (10) 
300 (7) (4) 207 (8) 116 (7) 

TA-100 100 (5) 300 (5) 21 (13) 21 (12) 

"Concentration range tested, pg/plate (pour-plate/spiral). 
bNegative. 
'Fold increase over concurrent vehicle control. 
dMD, missing data. 

of the comparison of some early-development pharma- 
ceutical compounds in the standard pour-plate and the 
spiral Salmonella assay are summarized in Table 111. 
There was complete agreement for negative or positive 
mutagenic responses in all strains in both the standard 
pour-plate assay and the spiral assay for 23 of the 38 
compounds tested. For eight compounds, both assays gave 
qualitative positive responses, although there was dis- 
agreement between the two assays with regard to which 
strains of Salmonella showed the positive responses. For 
seven compounds there was disagreement between the 
two assays with regard to positive and negative responses. 
In five cases, compounds 9, 11,16,21 and 22, the positive 
responses were seen in the spiral assay only and in only 
one strain, TA-1535 or TA-1537, with activation. The 
other two compounds gave positive responses in the pour- 
plate assay but negative results in the spiral assay. One 

of the compounds, compound 17, was weakly positive in 
strain TA-98 with S-9 activation at 5,000 and 10,000 pg 
per petri plate in the pour-plate assay. The weak positive 
response in the pour-plate assay was repeatable. This 
compound was negative in the spiral assay; however, sol- 
ubility limitations for the spiral assay prohibited com- 
pound 17 from being assayed at concentrations higher 
than equivalent to approximtely 5,000 pg per petri plate. 
Menadione dimethylpyrimidinol bisulfite showed a weak 
positive response in strain TA-98 with activation over a 
wide range of concentrations from 1 to 2,000 pg per petri 
plate in the pour-plate assay. The response was not dose- 
related but was relatively constant throughout the range 
of concentrations, a phenomenon which is not commonly 
seen in the pour-plate assay. This compound was negative 
in the spiral assay. Solubility problems prevented this 
compound from being assayed at higher than equivalent to 
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TABLE IV. Agreement Between Spiral and 
Pour-Plate Assays 

Overall TA-98 plus 
-s9 +s9 test result TA-100 only 

Agreement 93% 88% 82% 87% 
N 149 145 38 38 

W t- 
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Fig. 1. Dose-response curves for MNNG with strain TA-100. 0, spiral 
assay without S-9; 0, spiral assay with S-9; W, pour-plate without 
S-9; 0, pour-plate with S-9. 

approximately 100 pg per petri plate, but concentrations 
assayed were still in the range seen to be positive in the 
pour-plate assay. Compound 1 was weakly positjve in 
strains TA-1537 and TA-100 with activation, and gave a 
definite positive response in strain TA-98 with activation 
in the pour-plate assay. An initial spiral assay showed a 
weak positive response in strains TA-1535 and TA-98 
with activation, but a repeat of the spiral assay showed 
a negative response in all strains. This dye was an old 
compound, having been initially tested in the pour-plate 
assay in 1981, and may have been losing its potency with 
time. It was not possible to obtain a fresh source for this 
material. 

The agreement between the two assays is given in Ta- 
ble IV. In terms of overall outcome in concluding a com- 
pound to be positive or negative using all four strains, 
the agreement was 82%. However when only results from 
strains TA98 and TAlOO were considered, the agreement 
was 87%. 

As previously reported, we found the spiral assay 
tended to give a more pronounced dose-response with 
positive compounds. This is illustrated by results with N- 
methyl-N’-nitro-N-nitrosoguanidine (MNNG) in Figures 
1 and 2. Analysis of the ratio of the maximal fold increase 
over controls for the spiral assay divided by the maximal 
fold increase over controls for the pour-plate assay re- 
vealed that on average the fold increase over controls was 

w 
t- < 2 
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W 

v) I- z 

t- U 
W 

U 

a 

a 

a 

2 

70 TA-1537 

0 1000 2000 3000 4000 5000 

MICROGRAMS PER PLATE 

Fig. 2. Dose-response curves for MNNG with strain TA-1537. 0, 
spiral assay without S-9; 0, spiral assay with S-9; W, pour-plate without 
S-9; 0, pour-plate with S-9. 

TABLE V. Fold Increase Over Controls (Ratio of Spiral/ 
Pour-Plate) 

Mean ratio N 

-s9 2 31 
+s9 2 37 

twice as great for the spiral assay compared to the pour- 
plate assay (Table V). 

An analysis of DMSO vehicle control data are given 
in Tables VI and VII. Because a given experiment may 
have included multiple test compounds, the numbers of 
vehicle control data sets were somewhat less than the 
total number of compounds tested. Comparison of Tables 
VI and VII reveals that 1) in general, mean counts of 
revertants per plate tended to be slightly lower for the 
spiral assay, 2) the inter-experiment variability (CV) 
tended to be somewhat higher for the spiral assay, while 
3) the intra-experiment variability (CV) was comparable 
for the two assays. 

DISCUSSION 

The set of chemicals tested was more balanced than 
usually encountered in mutagenicity assay validation 
studies since 42% of the compounds were previously 
found to be negative in the standard pour-plate assay. The 
results of the spiral Salmonella mutagenicity assay agreed 
qualitatively with those from the standard pour-plate 
assay with 31 of the 38 chemicals (82%) tested. Possible 
reasons for the few discrepancies between the assays may 
have been related to the greater concentration of S-9 used 
in the spiral assay and to differences in solubilities of 
compounds under the conditions of the two assays. The 
20% S-9 concentration was recommended by Dr. Virigina 
Houk (personal communication) to help increase the sen- 
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TABLE VI. Spiral Assay DMSO Control Data 

Mean revertants Intra-experimental 
Strain 2 s 9  per plate cv (%) N mean CV (%) N 

TA-98 -s9 11.5 31.2 20 16.4 20 
+s9 11.2 30.6 20 22.7 20 

TA- 1 00 -s9 53.8 40.1 18 8.0 18 
+s9 52.7 34.2 17 15.0 17 

TA-1535 -s9 7.8 59.6 19 21.5 19 
+s9 8.3 49.4 19 18.0 19 

TA- 1537 -s9 4.2 56.3 20 23.2 20 
+s9 4.2 29.0 20 24.3 20 

TABLE VII. Pour-Plate Assay DMSO Control Data 

Strain kS9 per plate cv (%) N mean CV (%) N 
Mean revertants Intra-experimental 

TA-98 -s9 
+s9 

TA- 100 -s9 
+s9 

TA-1535 -s9 
+s9 

TA- 1537 -s9 
+s9 

16.2 
21.5 
91.7 

102.6 
12.3 
11.0 
6.6 
7.2 

23.4 25 
25.6 23 
24.1 25 
20.2 23 
44.2 25 
31.0 23 
34.7 25 
33.3 23 

18.8 
17.0 
7.6 
6.2 

16.4 
12.4 
24.2 
18.2 

11 
11 
11 
11 
11 
11 
11 
11 

sitivity of the assay. Differences in solubility limitations 
may have arisen due to different ratios of components, 
i.e., drug, S-9 and bacteria. Compounds which are more 
water soluble tend to give a less pronounced dose-re- 
sponse in the spiral assay due to diffusion of test article 
in the agar across spirals [Houk et al., 19891. In addition, 
the highest concentration tested in the spiral assay was 
usually lower than in the pour-plate assay due to either 
solubility limitations or increased toxicity of the com- 
pound. A compound can be tested even in the presence 
of precipitate in the pour-plate assay by manual counting 
of the colonies. This is not possible in the spiral assay 
because the plates cannot be counted manually, and the 
laser counter will mistake precipitate particles for colo- 
nies. There was a tendency for compounds to be more 
toxic in the spiral assay. This was most likely due to some 
of the factors mentioned above such as different ratios of 
test compound, bacteria and S-9 between the two assays. 
Also, the different growth environment, i.e., plating on 
top of bottom agar rather than suspended in top agar, 
may have played a role in toxicity differences observed 
between the two assays. These factors may have contrib- 
uted to the few discrepancies in responses of specific 
strains between the two assays as well. In our experience 
the formation of pin-point colonies resulting from toxicity 
has not presented a problem in the presence of compound- 
induced toxicity. This seems to be much more of a prob- 
lem with the pour-plate assay. Our conclusion is that 
this performance justifies the use of the spiral assay as a 

substitute for the standard pour-plate assay in a screening 
mode. We currently use this assay as an initial screen 
for mutagenicity when limited amounts of compound are 
available. A spiral assay using four strains with duplicate 
plates per straidactivation condition can be conducted 
with about 70 mg of compound compared to 200 mg 
usually required for a screening pour-plate assay using 
one plate per treatment condition. If only twostrains, e.g., 
TA-98 and TA-100 were used, about 35-40 mg would be 
required. Until we gain more experience with the assay, it 
would usually be followed up with a standard pour-plate 
assay when sufficient quantities of drug material are made 
available. 
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