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Bacterial Reverse Mutation Test 

 

Tradename: AC Kerazyme® 

 

Code: 16594 

 

CAS #: 69430-36-0 & 999999-99-4 

 

Test Request Form #: 2044 

 

Sponsor: Active Concepts, LLC; 107 Technology Drive Lincolnton, NC 28092 

Study Director: Maureen Drumwright 

Principle Investigator: Monica Beltran 

 

Test Performed: 

Bacterial Reverse Mutation Test 

 

Reference: 

OECD471/ISO10993.Part 3 

 

Summary: 

 

A Salmonella typhimurium/Escherichia coli reverse mutation standard plate incorporation study described by Ames et al. (1975) 

was conducted to evaluate whether a test article solution AC Kerazyme® would cause mutagenic changes in the average number 

of reveratants for histidine-dependent Salmonella typhimurium strains TA98, TA100, TA1537, TA1535 and tryptophan-dependent 

Escherichia coli strain WP2uvrA in the presence and absence of Aroclor-induced rat liver S9. This study was conducted to satisfy, 

in part, the Genotoxicity requirement of the International Organization for Standardization: Biological Evaluation of Medical 

Devices, Part 3: Tests for Genotoxicity, Carcinogenicity and Reproductive Toxicity. 

 

The stock test article was tested at eight doses levels along with appropriate vehicle control and positive controls with overnight 

cultures of tester strains. The test article solution was found to be noninhibitory to growth of tester strain TA98, TA100, TA1537, 

TA1535 and WP2uvrA after Sport Inhibition Screen.  

 

Separate tubes containing 2 ml of molten top agar at 450C supplemented with histidine-biotin solution for the Salmonella 

typhimurium strains and supplemented with tryptophan for Escherichia coli strain were inoculated with 100 µl of tester strains, 

100 µl of vehicle or test article dilution were added and 500 µl aliquot of S9 homogenate, simulating metabolic activation, was 

added when necessary. After vortexing, the mixture was poured across the Minimal Glucose Agar (GMA) plates. Parallel testing 

was also conducted with positive control correspond to each strain, replacing the test article aliquot with 50µl aliquot of 

appropriate positive control. After the overlay had solidified, the plates were inverted and incubated for 48 hours at 370C. The 

mean numbers of revertants of the test plates were compared to the mean number of revertants of the negative control plates 

for each of the strains tested. The means obtained for the positive controls were used as points of reference.  

 

Under the conditions of this assay, the test article solution was considered to be Non-Mutagenic to Salmonella typhimurium 

tester strains TA98, TA100, TA1537, TA1535 and Escherichia coli tester strain WP2uvrA. The negative and positive controls 

performed as anticipated. The results of this study should be evaluated in conjunction with other required tests as listed in ISO 

100993, Part 3: Tests for Genotoxicity, Carcinogenicity, and Reproductive Toxicology.  

 

All Salmonella tester strain cultures demonstrated the presence of the deep rough mutation (rfa) and the deletion in the uvrB 

gene. Cultures of tester strains TA98 and TA100 demonstrated the presence of the Pkm101 plasmid R-factor. All WP2 uvrA 

cultures demonstrated the deletion in the uvrA gene. All cultures demonstrated the characteristic mean number of spontaneous 

revertants in the vehicle controls as follows: TA98, 10-50; TA100, 80-240; TA1535, 5-45; TA1537, 3-21, WP2uvrA, 10-60.   
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Bacterial Reverse Mutation Test 

 

I. Introduction 

 

A. Purpose 

A Salmonella typhimurium/Escherichia coli reverse mutation standard plate incorporation study was conducted to evaluate 

whether a test article solution would cause mutagenic changes in the average number of revertants for Salmonella typhimurium 

tester strains TA98, TA100, TA1537, TA1535 and Escherichia coli WP2uvrA in the presence and absences of the S9 metabolic 

activation. Bacterial reverse mutation tests have been widely used as rapid screening procedures for the determination of 

mutagenic and potential carcinogenic hazards.  

 

II. Materials 

 

A. Storage Conditions: Room temperature (23-25C). 

B. Vehicle:      Sterile DI Water. 

C. Preparation:     Eight different doses level were prepared immediately before use with sterile DI water.  

D. Solubility/Stability:   100% Soluble and Stable. 

E. Toxicity:     No significant inhibition was observed. 

 

III. Test System 

 

A. Test System 

Each Salmonella typhimurium and Escherichia coli tester strain contains a specific deep rough mutation (rfa), the deletion of uvrB 

gene and the deletion in the uvrA gene that increase their ability to detect mutagens, respectively. These genetically altered 

Salmonella typhimurium strains (TA98, TA100, TA1537 and TA1535) and Escherichia coli strain (WP2uvrA) cannot grow in the 

absence of histidine and tryptophan, respectively. When placed in a histidine-tryptophan free medium, only those cells which 

mutate spontaneously back to their wild type states are able to form colonies. The spontaneous mutation rate (or reversion rate) 

for any one strain is relatively constant, but if a mutagen is added to the test system, the mutation rate is significantly increased.  

 

Tester strain  Mutations/Genotypic Relevance 

TA98   hisD3052, Dgal chlD bio uvrB rfa pKM101 

TA100   hisG46, Dgal chlD BIO uvrB rfa pKM101 

TA1537   hisC3076, rfa, Dgal chlD bio uvrB 

TA 1535   hisG46, Dgal chlD bio uvrB rfa  

WP2uvrA  trpE, uvrA 

 

rfa   = causes partial loss of the lip polysaccharide wall which increases   

   permeability of the cell to large molecules. 

uvrB   =  deficient DNA excision-repair system (i.e., ultraviolet sensitivity) 

pKM101  = plasmid confers ampicillin resistance (R-factor) and enhances  

   sensitivity to mutagens.  

uvrA   = All possible transitions and transversions, small deletions. 

 

B. Metabolic Activation 

Aroclor induced rat liver (S9) homogenate was used as metabolic activation. The S9 homogenate is prepared from male Sprague 

Dawley rats. Material is supplied by MOLTOX, Molecular Toxicology, Inc.  
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Bacterial Reverse Mutation Test 

 

C. Preparation of Tester strains 

Cultures of Salmonella typhimurium TA98, TA100,TA1537, TA1535 and Escherichia coli WP2uvrA were inoculated to individual 

flasks containing Oxoid broth No.2. The inoculated broth cultures were incubated at 37°C in an incubator shaker operating at 

140-150 rpm for 12-16 hours.  

 

D. Negative Control 

Sterile DI water (vehicle without test material) was tested with each tester strain to determine the spontaneous reversion rate. 

Each strain was tested with and without S9 activation. These data represented a base rate to which the number of reveratants 

colonies that developed in each test plate were compared to determine whether the test material had significant mutagenic 

properties.  

 

E. Positive Control 

A known mutagen for each strain was used as a positive control to demonstrate that tester strains were sensitive to mutation to 

the wild type state. The positive controls are tested with and without the presence of S9 homogenate.  

 

F. Titer of the Strain Cultures: 

Fresh cultures of bacteria were grown up to the late exponential or early stationary phase of growth; to confirm this, serial 

dilutions from each strain were conducted, indicating that the initial population was in the range of 1 to 2x109/ml.  

 

IV. Method 

 

A. Standard Plate Incorporation Assay:      

Separate tubes containing 2 ml of molten top agar supplemented with histidine-biotin solution for the Salmonella typhimurium 

and tryptophan for Escherichia coli were inoculated with 100 µl of culture for each strain and 100 µl of testing solution or vehicle 

without test material. A 500 µl aliquot of S9 homogenate, simulating metabolic activation, was added when necessary. The 

mixture was poured across Minimal Glucose Agar plates labeled with strain number and S9 activation (+/-). When plating the 

positive controls, the test article aliquot was replaced by 50µl aliquot of appropriate positive control. The test was conducted per 

duplicate. The plates were incubated for 37°C for 2 days. Following the incubation period, the revertant colonies on each plate 

were recorded. The mean number of reveratnts was determined. The mean numbers of revertants of the test plates were 

compared to the mean number of reverants of the negative control of each strain used.  

 

V. Criteria for a Valid Test 

 

For the test solution to be evaluated as a test failure or “potential mutagen” there must have been a 2-fold or greater increase 

in the number of mean revertants over the means obtained from the negative control for any or all strains. Each positive control 

mean must have exhibited at least a 3-fold increase over the respective negative control mean of the Salmonella and Escherichia 

coli tester strains used.  

 

All Salmonella tester strain cultures must demonstrate the presence of the deep rough mutation (rfa) and the deletion in the 

uvrB gene. Cultures of tester strains TA98 and TA100 must demonstrate the presence of the  

pKM101 plasmid R-factor. All WP2 uvrA cultures must demonstrate the deletion in the uvrA gene. All cultures must demonstrate 

the characteristic mean number of spontaneous revertants in the vehicle controls as follows: TA98, 10-50; TA100, 80-240; 

TA1535, 5-45; TA1537, 3-21, WP2uvrA, 10-60.  To ensure that appropriate numbers of bacteria are plated, tester strain culture 

titers must be greater than or equal to 0.3x109 cells/ml. The mean of each positive control must exhibit at least 3.0-fold increase 

in the number of revertants over the mean value of the respective vehicle control. A minimum of three non-toxicdose levels is 

required to evaluate assay data. A dose level is considered toxic if one of both of the following criteria are met: (1). A >50% 

reduction in the mean number of revertants per plate as compared to the mean vehicle control value. This reduction must be 

accompanied by an abrupt dose-dependent drop in the revertant count. (2). At least a moderate reduction in the background 

lawn. 
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Bacterial Reverse Mutation Test 

 

VI. Results and Discussion  

 

A. Solubility: 

Water was used as a solvent. Solutions from the test article were made from 0.015 to 50mg/ml. 

 

B. Dose levels tested: 

The maximum dose tested was 5000 µg per plate. The dose levels tested were 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000 µg per 

plate. 

 

C. Titer (Organisms/ml):  

5 x 108 UFC/ml plate count indicates that the initial population was in the range of 1 to 2 x 109 UFC/ml. 

 

D. Standard Plate Incorporation Assay 

 

In no case was there a 2-fold or greater increase in the mean number of revertant testing strains TA98, TA100, TA1537, TA1535 

and WP2uvrA in the presence of the test solution compared with the mean of vehicle control value. The positive controls mean 

exhibited at least a 3-fold increase over the respective mean of the Salmonella typhimurium and Escherichia coli tester strains 

used. The results are summarized in Appendix 2. 

 

All Salmonella tester strain cultures demonstrated the presence of the deep rough mutation (rfa) and the deletion in the uvrB 

gene. Cultures of tester strains TA98 and TA100 demonstrated the presence of the Pkm101 plasmid R-factor. All WP2 uvrA 

cultures demonstrated the deletion in the uvrA gene. All cultures demonstrated the characteristic mean number of spontaneous 

revertants in the vehicle controls as follows: TA98, 10-50; TA100, 80-240; TA1535, 5-45; TA1537, 3-21, WP2uvrA, 10-60.   

 

VII. Conclusion 

 

All criteria for a valid study were mete as described in the protocol. The results of the Bacterial Reverse Mutation Assay indicate 

that under the conditions of this assay, the test article solution was considered to be Non-Mutagenic to Salmonella typhimurium 

tester strains TA98, TA100, TA1537, TA1535 and Escherichia coli WP2uvrA.The negative and positive controls performed as 

anticipated. The results of this study should be evaluated in conjunction with other required tests as listed in ISO 100993, Part 3: 

Tests for Genotoxicity, Carcinogenicity, and Reproductive Toxicology.  
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Bacterial Reverse Mutation Test 

 

Appendix 2:  

 

Bacterial Mutation Assay 

Plate Incorporation Assay Results  

 

 

  
Concentration  

µg per Plate 

TA98 

Revertants per plate 

(CFU) 
Mean 

Test Solution w/ S9 

5000 27 33 30 

1500 33 42 34 

500 18 17 18 

150 24 35 30 

50 28 13 21 

15 23 45 34 

5.0 15 18 22 

1.5 36 38 37 

Test Solution w/o S9 

5000 41 42 42 

1500 29 36 33 

500 34 34 34 

150 23 25 24 

50 45 34 40 

15 32 42 37 

5.0 51 52 52 

1.5 43 29 36 

DI Water w/S9 32 45 39 

DI Water w/o S9 45 52 49 

2-aminoanthracen w/ S9 182 133 158 

2-nitrofluorene w/o S9 125 136 131 

Historical Count Positive w/S9 43-1893 

Historical Count Positive w/o S9 39-1871 

Historical Count Negative w/S9 4-69 

Historical Count Negative w/o S9 3-59 

 

*CFU = Colony Forming Units  

*Mean = Average of duplicate plates 
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 Concentration  

µg per Plate 

TA100 

Revertants per plate 

(CFU) 
Mean 

Test Solution w/ S9 

5000 210 192 201 

1500 176 165 171 

500 208 201 205 

150 176 203 190 

50 145 166 156 

15 156 165 161 

5.0 133 162 148 

1.5 144 153 149 

Test Solution w/o S9 

5000 123 145 134 

1500 125 127 126 

500 156 188 172 

150 166 135 151 

50 214 166 190 

15 132 147 140 

5.0 147 166 157 

1.5 141 156 149 

DI Water w/S9 201 215 208 

DI Water w/o S9 152 126 139 

2-aminoanthracen w/ S9 585 576 581 

Sodium azide w/o S9 645 656 651 

Historical Count Positive w/S9 224-3206 

Historical Count Positive w/o S9 226-1837 

Historical Count Negative w/S9 55-268 

Historical Count Negative w/o S9 47-250 

 

*CFU = Colony Forming Units  

*Mean = Average of duplicate plates 
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 Concentration  

µg per Plate 

TA1537 

Revertants per plate 

(CFU) 
Mean 

Test Solution w/ S9 

5000 19 21 20 

1500 21 15 18 

500 25 20 23 

150 13 12 13 

50 15 16 16 

15 10 15 13 

5.0 19 25 22 

1.5 21 12 17 

Test Solution w/o S9 

5000 13 16 15 

1500 17 21 19 

500 15 16 16 

150 25 21 23 

50 15 16 16 

15 19 22 21 

5.0 18 19 19 

1.5 22 22 22 

DI Water w/S9 32 33 33 

DI Water w/o S9 35 42 39 

2-aminoanthracen w/ S9 482 510 496 

2-aminoacridine w/o S9 235 246 241 

Historical Count Positive w/S9 13-1934 

Historical Count Positive w/o S9 17-4814 

Historical Count Negative w/S9 0-41 

Historical Count Negative w/o S9 0-29 

 

*CFU = Colony Forming Units  

*Mean = Average of duplicate plates 
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 Concentration  

µg per Plate 

TA1535 

Revertants per plate 

(CFU) 
Mean 

Test Solution w/ S9 

5000 35 23 29 

1500 26 24 25 

500 26 20 23 

150 12 15 14 

50 33 27 30 

15 23 16 20 

5.0 17 25 21 

1.5 35 35 35 

Test Solution w/o S9 

5000 28 35 32 

1500 21 21 21 

500 36 21 29 

150 16 12 14 

50 21 19 20 

15 32 33 33 

5.0 12 23 18 

1.5 18 18 18 

DI Water w/S9 42 56 49 

DI Water w/o S9 56 25 41 

2-aminoanthracen w/ S9 210 166 188 

Sodium azide w/o S9 702 715 709 

Historical Count Positive w/S9 22-1216 

Historical Count Positive w/o S9 47-1409 

Historical Count Negative w/S9 1-50 

Historical Count Negative w/o S9 1-45 

 

*CFU = Colony Forming Units  

*Mean = Average of duplicate plates 
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 Concentration  

µg per Plate 

WP2uvrA 

Revertants per plate 

(CFU) 
Mean 

Test Solution w/ S9 

5000 25 23 24 

1500 43 43 43 

500 15 25 20 

150 12 35 24 

50 25 16 21 

15 21 32 27 

5.0 45 33 39 

1.5 15 23 19 

Test Solution w/o S9 

5000 40 31 36 

1500 12 33 21 

500 18 17 18 

150 33 32 33 

50 25 30 28 

15 26 23 25 

5.0 12 33 23 

1.5 30 23 27 

DI Water w/S9 45 55 50 

DI Water w/o S9 56 32 44 

2-aminoanthracen w/ S9 215 123 169 

Methylmethanesulfonate w/o S9 245 312 279 

Historical Count Positive w/S9 44-1118 

Historical Count Positive w/o S9 42-1796 

Historical Count Negative w/S9 8-80 

Historical Count Negative w/o S9 8-84 

 

*CFU = Colony Forming Units  

*Mean = Average of duplicate plates 
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