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1.0

INTRODUCTION
EBPI's Muta-ChromoPlateTM kit is a convenient approach for the detection of mutagenic activity and mutagenic materials in environmental water, sediment, air, chemicals, food components, cosmetics and biological fluids.  Mutagenic materials may be hazardous due to their ability to induce cancerous transformation of normal cells.

The Muta-ChromoPlateTM kit is based on the most generally used and validated bacterial reverse-mutation test, known as the `Ames Test' (Ames et al., 1975).  The test employs a mutant strain, or several strains, of Salmonella typhimurium, carrying mutation(s) in the operon coding for histidine biosynthesis.  When these bacteria are exposed to mutagenic agents, under certain conditions reverse mutation from amino acid (histidine) auxotrophy to prototrophy occurs.  Traditionally, reverse-mutation assays have been performed using agar plates, known as `pour plate', `plate-incorporation' or `agar-overlay' assays.  An alternate assay performed entirely in liquid culture is the `Fluctuation test', originally devised by Luria and Delbruck (1943) and was modified by Hubbard et al. (1984).  The Muta-ChromoPlateTM kit provides all the reagents and disposable items, which are necessary to perform the Fluctuation test.

The advantages of the Muta-ChromoPlateTM test are the following:

 It is more sensitive than the plate-incorporation assay in the testing of aqueous samples for low levels of mutagens since up to 75% of the medium may be replaced with the aqueous sample under the test.

 It is more sensitive than the plate-incorporation assay, since the mutagenic reversion to prototrophy of just one auxotrophic bacterium in a tube will eventually produce a scorable positive result.

 In the plate-incorporation assay, the test agent can diffuse into the bottom-agar away from the bacteria held in the top-agar.  The bacteria may, therefore, be exposed to a concentration of the test agent, which varies over time, in contrast to the fluctuation test, where the concentration remains constant during the auxotrophic growth phase.  This is an advantage when dealing with compounds, which are mutagenic only at concentrations which are toxic or near-toxic, where the received dose may be critical.

 Soluble components of the metabolizing system may also diffuse into the bottom-agar in pour-plate assays, which may affect the detection of certain compounds.  In the fluctuation test, however, such an effect cannot occur, since the assay is conducted in a single liquid phase.

The Muta-ChromoPlateTM provides the consumable components required, all rigorously tested for quality, and ready to use in a non‑specialized laboratory.

WARRANTY
EBPI warrants that, at the time of shipment, the product Muta-ChromoPlateTM kit sold by it is free of defects in material and workmanship, and conform to the company's specifications.  Since actual experimental conditions prevailing at user's laboratory are beyond the control of EBPI or its representatives, EBPI makes no other warranty, express or implied, with respect to the product.  Notification of any breach of warranty must be made within 120 days of delivery.  The sole and exclusive remedy of the customer for any liability of EBPI of any kind, including liability based upon warranty (express or implied, whether contained herein or elsewhere) is limited to the replacement of the product or the refund of the invoice price of the product. 

2.0

HANDLING THE MUTA-CHROMOPLATETM KIT 
2.1

Safety First 
The Muta-ChromoPlateTM is used for the detection of mutagenic materials.  The kit contains two positive controls, which are mutagenic and suspected to be carcinogenic agents.   HANDLE THE MUTA-CHROMOPLATETM KIT AND YOUR TESTED SAMPLES AS YOU WOULD ANY POTENTIALLY HAZARDOUS MATERIAL!  Use the biohazard bag included in the kit to collect all used components  and for disposal of all the remains after the completion of the Muta-ChromoPlateTM.

2.2

Handling the Bacteria
Although the Muta-ChromoPlateTM test strains are not known pathogens, the cultures should be handled carefully, just as you would handle any bacterial preparation.  Aseptic technique should be employed throughout the assay procedure. 

2.3

Storage
The Muta-ChromoPlateTM kit reagents (packaged in a small box labelled "Reagents") should be stored refrigerated (2 to 8(C) immediately upon receipt.  The S-9 activation-mix components and the mutagenic standards are the most labile components of the Muta-ChromoPlateTM kit and should be preferably stored frozen. 

2.4

Light
The mutagenic standards, the bacteria and some of the reagents are light sensitive and should be stored in total darkness.

2.5

S-9 and Activation of `Pro-Mutagens'
S-9 is a crude liver enzyme extract, which can, under certain conditions, convert materials without any genotoxic activity per se to active genotoxic entities.  The chemical process involved is probably different for different materials.  In addition, the lifetime of the activated moieties is extremely variable:  some may be extremely short-lived.  This is the reason for incubating the S-9 with the bacteria and the tested material at the same time.

Not all S-9 preparations are good for all materials and, for any particular S-9 preparation, different concentrations must be employed for different materials.  A previously untested material should actually be tested with a range of S-9 concentrations.  In addition, Quillardet et al. (PNAS 79: 5971-5975, 1982) reported that S-9 may be less active in the SOS-Chromotest than in the Mutatest, where it is stabilized by the agar. This same effect may be seen in the Muta-ChromoPlate assay. The apparent lack of activity may stem also from lower concentrations of oxygen in the submerged cultures and the deleterious activities of the S-9 enzymes on the bacteria and their products, including beta-galactosidase.  Another source of apparent inactivity is in the solubility of the tested material and its solvent.  If the material comes out of solution when mixed with the bacterial culture, it will demonstrate poor activity.  The organic solvent (e.g., DMSO) may in itself inhibit the activation by S-9 enzymes when its final concentration is too high.

The suggested procedure in this protocol makes use of our findings concerning the optimized conditions for S-9 activation in the Muta-ChromoPlate assay.

The notes below summarize additional information, which was not available to all newcomers to the field of in vitro genotoxicity testing.

2.5.1

Notes on Using S-9
(a)
S-9 is a Biohazard
S-9 is an extract from livers of carcinogen-treated rats.  Therefore, it may contain a certain amount of carcinogen and should be handled as a potentially biohazardous material.

(b)
Working Dilution of S-9
Each lot of S-9 requires testing to determine its proper working dilution.  The dilution cited in the instruction manual can be used as a guideline only and will usually work, although not optimally.

A further complication should be mentioned here:  different genotoxins may exhibit different optimal S-9 concentrations so that, if you use the test for detection and/or quantitation of a known genotoxic agent, you should optimize the S-9 system for that particular compound.

(c)
Storage and Drying
S-9 is extremely labile and thus should be stored preferably at -70(C or below. 

2.6

Kit Contents
Each set contains sufficient quantity of components for ten microplates.  For your convenience, the bottles and vials in the Muta-ChromoPlateTM kit are labelled with clear, bold letters.

Note:  The `Fluctuation test' for reverse-mutation may be designed in many ways, which may involve a number of other S. typhimurium mutant strains (e.g., TA98), each carrying a different kind of mutation in the operon coding for histidine biosynthesis.  The `Fluctuation test' may also be conducted with, or without, metabolic activation with S9 rat-liver enzyme extract.  

2.6.1

Basic Kit Contents
Reagents 
A:
Davis-Mingioli salts (concentrate), 22 mL (1 unit)

B:
D-glucose, 5 mL (1 unit)

C:
Bromocresol Purple, 2.5 mL (1 unit)

D:
D-Biotin, 1.5 mL (1unit)

E:
L-Histidine, 100 (L (1unit)

F:
Sterile distilled water (2 x 100 mL) (2 units)

G:
Growth Medium, 5 mL (1unit)


DMSO (1unit)

Lyophilized Test Strain
 S. typhimurium TA100 (lyophilized) (1 unit)

Standard Mutagens
 Sodium azide (NaN3, 0.5 (g/100 (L), a direct-acting mutagen (i.e., does not require S-9 activation), 110 (L (1 unit)

Disposables
 Sterile microplates with lids (ten units)

 Sterile multichannel pipet reagent boats (ten units)

 Sterile 50 mL tubes (12 units)

 A membrane filter (0.22 um) unit for sample sterilization (150 mL)

 Zip-lock bags (two units)

 A biohazard disposable bag

2.6.2

Accessory Optional Components (not provided with the `Basic Kit')

Lyophilized S. typhimurium Mutant Strains
 TA98 

2.7

Solutions and Reagents for S-9 Activation
S-9 Activation Mix Components
 S9A MgCl2 + KCl (0.4 mL)

 S9B Glucose-6-Phosphate, 0.1 mL

 S9C Nicotine Amide Di-nucleotide Phosphate (NADP), 1 mL

 S9D Phosphate buffer (pH 7.4), 10 mL

 S9E Sterile distilled water, 7.5 mL

 S9F rat-liver extract

2-Amino-Anthracene (2AA, 10 (g/100 (L) in DMSO, an indirect-acting mutagen (i.e., requires S-9 activation), 100 (L (1unit)

NOTE: S‑9 EXTRACT MAY CONTAIN POTENTIALLY CARCINOGENIC COMPOUNDS; HANDLE IT WITH CARE!

2.8

Required Instrumentation
1.
Micropipettors using disposable tips in the range of 5 to 200 microlitres (e.g., Eppendorf, Finnpipette, Oxford, Gilson, Soccorex).  

2.
An eight-channel multipipettor (200 microlitres).

3.
37(C Incubator.

3.0


THE MUTA-CHROMOPLATETM PROCEDURE
This chapter details the procedural steps of the Muta-ChromoPlateTM assay.  Some materials have to be prepared before the day of the assay.

NOTE:  THE MUTA-CHROMOPLATETM MUST BE CARRIED OUT UNDER ASEPTIC CONDITIONS THROUGHOUT.

3.1


Preparatory Steps on the Day Prior to the Assay
3.1.1

S‑9 Mix Components
If you plan to study S‑9 activation, all components of the S‑9 mix have to be ready (but not mixed) before starting the assay.

3.1.2

Rehydration of the Dried Bacteria and Preincubation
THIS SHOULD BE PERFORMED AS LATE AS POSSIBLE THE EVENING BEFORE THE ASSAY.  Using aseptic technique open one bottle G (Nutrient Broth), then open one vial of lyophilized (dried) bacteria.  Transfer nutrient broth (Bottle G) to the vial of lyophilized bacteria and mix.  Cover with the rubber stopper and incubate the bottle in a 37(C incubator overnight (16 to 18 hrs).  Date and Time: _____________
3.2


Sample Preparation and Setting up the Test Plate (day of the assay)
Sample preparation and dilution should be carried out on the day of the assay.  BEFORE COMMENCING WITH ANY PROCEDURE, VISUALLY EXAMINE THE OVERNIGHT GROWN BACTERIA FOR EXISTENCE OF TURBIDITY.  CONTINUE ONLY IF TURBIDITY EXISTS.
Start the preparation of your sample material and dilution procedures as early as possible on the day of the assay.  Once the samples are properly filter-sterilized and diluted (if necessary), they have to be dispensed into sterile tubes provided with the kit.  Please, proceed carefully:

Aqueous Sample Material
Filter sterilize the sample to be tested using a 0.22 (m membrane filter (one is provided in the kit).  Prepare sample dilutions, if necessary, in sterile distilled water, in the 50 ml sterile tubes supplied with the kit. Sample dilutions maybe prepared by making up a smaller quantity of the sterilized sample material with sterile distilled water to a final volume of 17.5 ml in the sterile tubes.  See Table 3.1 for an example of how this can be done.  (For example the sample to be tested may consist of 10 mL of filter sterilized industrial effluent plus 7.5 mL of sterile distilled water making up to a total volume of 17.5 ml).

Solid Sample Material
Dissolve the material in water and proceed as described above.  If the material is insoluble in water, dissolve it in dimethyl sulfoxide (DMSO).  When DMSO is required, the volume of DMSO that will be added to the reaction mixture should not exceed 0.5 mL. (For example you may want to dissolve 0.1 g of a test substance in 0.5 mL DMSO and then make it up to 17.5 mL with distilled water prior to filtering to ensure sterility)

3.2.1

Preparation of the Reaction Mixture
The reaction mixture is comprised of the Muta-ChromoPlateTM components "A" to "E" inclusive.  Aseptically measure and mix these components in one of the 50 mL sterile tubes supplied with the kit as follows:


21.62 mL (A) + 4.75 mL (B) + 2.38 mL (C) + 1.19 mL (D) + 0.06 mL (E)

3.2.2

Dispensing the Samples and the Reaction Mixture into Tubes
Preparation of Treatments Not Requiring Metabolic (S-9) Activation
Aseptically dispense 2.5 mL of the `Reaction-Mixture' (3.2.1) to each sterile tube.  To each tube, add a proportion of test material and water to a total volume of 17.5 mL (for example, doses of a test substance in 0.1 mL DMSO plus 17.4 mL water, or 10 mL of industrial effluent plus 7.5 mL of water).  Mix thoroughly.  Refer to Table 1 for an example experimental design for testing in the absence and presence of S-9.

Preparation of Treatments Requiring Metabolic (S-9) Activation
1.
The S-9 components S9A to S9F will be required.  Mix the above components as follows:


0.4 mL (S9A) + 0.09 mL (S9B) + 0.81 mL (S9C) +


9.98 mL (S9D) + 6.72 mL (S9E) + 2 mL (S9F)

2.
Aseptically dispense 2.5 mL of `Reaction-Mixture' (3.2.1) and 2.0 mL of `S-9 Mix' (above) to each tube.  Then, to each tube, add a proportion of test material or standard and water to a total volume of 15.5 mL.  The total volume of the final solution will be 17.5 mL.  Mix thoroughly.  Refer to Table 1 for an example experimental design.

3.3


Starting the Muta-ChromoPlateTM Assay
1.
To each treatment tube, add 5 (L of the S. typhimurium test-strain broth culture, which has grown overnight, and mix thoroughly.

2.
Pour the contents of each tube into a multichannel pipette reagent boat.

3.
Dispense 200 (L aliquots of the mixture into each well of a 96-well microtitration plate using a multichannel pipette.

4.
Cover the plate with a lid and seal in plastic bag(s) to prevent evaporation.

5.
Incubate the plates in an air-tight bag at 37(C for 2-5 days.

4.0

ANALYSIS OF THE RESULTS
1.
Observe the `Blank' (sterility check) plate.  Proceed only if all wells are purple.  If yellow or turbid wells are observed, the assay is contaminated and, therefore, the results are invalid.

2.
Plates are scored visually in the following manner:

 all yellow, partially yellow or turbid wells are scored as positives; and

 all purple wells are scored negative (compare to negative control plates).


Record the number of positive wells for each plate.  The `Background' (i.e., no test material added) plates will show the level of spontaneous or background mutation of the assay organism.  Score the results of each treatment plate against the background mutation, and record the number of wells scored positive in the treatment plates and the number of wells scored positive in the background.  For each treatment-plate, determine the statistical significance of the difference using Table 2.
3.
If a treatment plate contains all purple wells, acute toxicity of the sample to the tester strain may have resulted.

5.0

SELECTED REFERENCES 
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TABLE 1(S-9):
A SUGGESTED SET-UP OF THE MUTA-CHROMOPLATE ASSAY


WITH AND WITHOUT S-9 ACTIVATION

                                                  Volume Added (mL/tube)          


Treatment plate
Standard
Sample
H2O
S-9 Mix
Strain TA100

1
Blank 
-
-
17.5
-
-

2
Background I
-
-
17.5
-
+

3
Background II
-
-
15.5
2.0
+

4
Standard Mutagen (NaN3) 0.1
-
17.4
-
+

5
Standard Mutagen (2-AA) 0.1
-
15.4
2.0
+

6
Test Material I (with S-9)
-
15.0
0.5
2.0
+

7
Test Material I (no S-9)
-
15.0
2.5
-
+

8
Test Material II (with S-9)
-
15.0
0.5
2.0
+

9
Test Material II (no S-9)
-
15.0
2.5
-
+

10
Test Material III (with S-9)
-
15.0
0.5
2.0
+

In addition 2.5 ml of reaction mixture is added to each tube for a total of 20 ml/tube. Before adding the material to the wells in the plates 5 uL of bacterial suspension is added to each of the tubes that will be used to fill the 96 well plates marked by a + sign above.            

TABLE 2:
THE NUMBER OF POSITIVE WELLS SCORED IN A 96-WELL MICROPLATE


LEADING TO CLEAR SIGNIFICANCE IN THE FLUCTUATION TEST


No. Wells

No. Wells


Positive in
No. Wells Positive
Positive in
No. Wells Positive


Background
     in Treatment Plate     
Background
     in Treatment Plate     

Plate
0.05
0.01
0.001
Plate
0.05
0.01
0.001


0
3
6
10
36
48
53
58


1
5
8
12
37
49
54
59


2
7
10
14
38
50
55
60


3
9
12
16
39
51
56
61


4
10
14
19
40
52
57
62


5
12
15
20
41
53
58
63


6
13
17
21
42
54
59
64


7
15
18
23
43
55
60
65


8
16
20
25
44
56
61
66


9
17
21
26
45
57
62
67


10
19
23
27
46
58
63
68


11
20
24
29
47
59
64
69


12
21
25
30
48
60
63
70


13
22
27
32
49
61
66
70


14
24
28
33
50
62
67
71


15
25
29
34
51
63
67
72


16
26
30
36
52
64
68
73


17
27
32
37
53
65
69
74


18
28
33
38
54
66
70
75


19
30
34
39
55
67
71
76


20
31
35
40
56
68
72
77


21
32
36
42
57
68
72
77


22
33
38
43
58
69
74
78


23
34
39
44
59
70
75
79


24
35
40
45
60
71
75
80


25
36
41
46
61
72
76
81


26
37
42
47
62
73
77
71


27
39
43
49
63
74
78
82


28
40
44
50
64
75
79
83


29
41
45
51
65
76
80
84


30
42
47
52
66
77
80
84


31
43
48
53
67
78
81
85


32
44
49
54
68
78
82
86


33
45
50
55
69
79
83
87


34
46
51
56
70
80
84
87


35
47
52
57
71
81
84
88


72
82
85
89
84
91
94
95


73
83
86
89
85
92
94
96


74
83
87
90
86
93
94
96


75
84
87
90
87
93
95
-


76
85
88
91
88
94
95
-


77
86
89
92
89
94
96
-


78
87
89
92
90
95
96
-


79
87
90
93
91
96
-
-


80
88
91
93
92
96
-
-


81
89
91
94
93
96
-
-


82
90
92
94


83
90
93
95

Reference
Gilbert, R.I.  1980.  The analysis of fluctuation tests.  Mutation Research 283: 289

THE MUTA-CHROMOPLATETM S-9

Laboratory Bench Short Protocol for use with S-9
THE MUTA-CHROMOPLATEM ASSAY MUST BE CARRIED OUT UNDER ASEPTIC CONDITIONS.

Preparatory Steps on the Day Prior to the Assay
Rehydration of the Dried Bacteria and Preincubation (day prior to the assay)
THIS SHOULD BE PERFORMED AS LATE AS POSSIBLE THE EVENING BEFORE THE ASSAY.  Using aseptic technique open bottle G (Nutrient Broth), then open the vial of lyophilized (dried) bacteria.  Transfer nutrient broth (Bottle G) to the vial of lyophilized bacteria and mix.  Cover with the rubber stopper and incubate in a 37(C incubator overnight (16 to 18 hrs).  Date and Time: _____________
Sample Preparation and Setting up the Test Plate (day of the assay)
EXAMINE THE BACTERIA GROWN OVERNIGHT FOR EXISTENCE OF TURBIDITY.  CONTINUE ONLY IF TURBIDITY EXISTS.

1. Filter Sterilize approximately 20 ml of the aqueous solution samples to be tested using the 0.22um sterile filter supplied in the kit.

2. Makeup the quantity of sample to be tested with sterilized distilled water (to achieve the appropriate dilution to be tested) to 17.5 ml in the 50 mL sterile tubes, which have been labelled as to contents and dilutions.  See table 1 for an example of how the 10 tubes (containing reaction blanks, standards and samples) could be made up.

3. Prepare the muta reaction mixture by aseptically measuring and mixing 21.62 mL from bottle (A) + 4.75 mL from bottle (B) + 2.38 mL from bottle (C) + 1.19 mL from bottle (D) + 0.06 mL from bottle (E) into one of the 50 mL sterile tubes supplied with the kit. This is enough reaction mixture for the 10 plates supplied with the kit.

                                                      Continue Over 

4. Prepare the S-9 mix by combining 0.4ml S-9A + 0.09ml S-9B + 0.81 ml S-9C + 9.98 ml S-9D + 6.72ml S-9E + 2ml S-9F into a 50 ml sterile tube. 

5. Add 2 ml of this mix to the tubes with S-9 background, 2AA S-9 mutagenic standard and the test materials to be activated by the S-9 enzymes.

6. Aseptically dispense 2.5 mL of the `Reaction-Mixture' from the tube to each sterile tube containing 17.5 ml of a sample to be tested and mix thoroughly. The tube will now contain 20 ml total volume.

7. Withdraw 5uL of bacterial suspension from the culture grown over night and add 5ul of the suspension to each of the sample tubes (with the exception of the reaction blank tube) and mix thoroughly. 
8. Pour the contents of each tube into a sterile multichannel pipette reagent boat.

9. Dispense 200 (L aliquots of the mixture into each well of a 96-well microtitration plate using a multichannel pipette.
10. Cover the plate with a lid and seal in airtight plastic bag(s) to prevent evaporation.

11. Incubate the plates in an airtight plastic bag at 37(C for 2-5 days. 
12. Remove from the incubator and score the plates.

Table 3:     MUTA ASSAY REPORT (Suggested Guide)






ASSAY DATE:      _____________




BY: _____________

READING DATE: _____________




BY: _____________

PURPOSE: 

Components: Batch #


S9 Reagents

BACT./STRAIN#:
_____________
S9 A

_____________

GROWTH MED.:
_____________
S9 B

_____________

DAVIS-MING Salts:
_____________
S9 C

_____________

D-GLUCOSE:
_____________
S9 D

_____________

BC-PURPLE:
_____________
S9 E

_____________

D-BIOTIN:

_____________
Rat Liver
_____________

L-HISTIDINE:
_____________


_____________

Positive Control:
_____________


_____________

Positive Control:
_____________


_____________

Describe the contents of each plate:

	Num
	Plate
	Pos. Control
	Bacteria
	Day 2
	Day 3
	Day 4
	Day 5

	1
	Blank
	-
	-
	
	
	
	

	2
	Background
	-
	+
	
	
	
	

	3
	Pos. Control
	+
	+
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Remarks:___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Note: Though final readings should be made on day 5, results could be taken through days 3-6
