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APPENDIX A

A. Recipes for reagents and media
Vogel-Bonner (VB salts) medium E (50X)
Use: salts for the GM agar plates

Ingredients Per liter
Warm distilled water (about 50 650 ml
Magnesium sulfate (MgSOs. 10g
Citric acid monohydrate O 100 g
Potassium phosphate, dibasic,afthydidus (KyHPO.) 500 g
Sodium ammonium phosphate , 4 175¢g

Add the above ingf lask containing warm water,
bn‘_‘ 0 ron a magnetic stirrer before
*Adjust volume to 1 L. Distribute as
20-ml aliquots into vial and v ‘ apped, for 30 min at 121°C. When the

i ’ .
solutions have cooled, tighten the caps-and sto: oom temperature in the dark.

Glucose solution (1 "’&:‘
Use: as carbon source for-the

J -

Ingredients Per liter

Distilled water ﬂ u Ei ﬁ VI EJ V] %" w EJ‘ 700 ml
Glucose q ’] ﬂ i 100 g
Add tlﬁlucose to the water infa 3-1 flask. Stinon a magnetidistirrer until mixture

s clear. faldaaidel Nt @ e b [vobutd )10pGt ispense som

aliquots intg 250 ml screw-cap bottles. Label as 10% glucose with date. Autoclave 121°¢c

for 20 min making sure the caps are on loosely. When cooled, tighten the caps and store at
4°c.

Minimal glucose agar plates

Use: bottom agar for mutagenicity assay
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Ingredients Per liter
Distilled water 900 ml
Agar 15g
VB salt solution (50x) 20 ml
Glucose solution (10% v/v) 50 ml

Add the agar to the water in a 3-L flask. Autoclave for 30 min at 121 °C. Let cool
for about 45 min to about 65°C. Add 20 erile VB salts and mix thoroughly, then

agar medium in 100x15

ézs ml/plate). When solidified,

the plates can be stored 2 laced in sealed plastic bags.

Before use, the plates sho e and examined for excess

moisture. If too much mqi overnight at 37 °C prior to

use. It takes about 12 L of 3 Petri plates (500 plates).

AN

Note: A precipitate may fo e'ad d. However, thorough mixing

will solubilize the salts. e /*' bg ‘ . ~\’- ed together with the VB salts
and glucose. The GM plates prg . i ,t lly support the growth of the

Salmonella tester strains.

Histidine/biotin solution (0.5 mM,

Use: to supplement topaga .“}“,- t of histidine

Ingredients Per liter
Distilled water 1000 ml
d-b10tm(FW24ﬂuEJqwEJﬂjWEJ’]ﬂi 124 mg
L-Histidine.HCI ( 191.7) 96 mg

B@wq h@lﬂd?iﬂ e biotin a little
while to cofnpletely dissolved; histidine is readily dlssolved If used imm edlately, follow
the procedure for making top agar. If not used immediately sterilize the solution either by
filtration through a 0.45 pm membrane filter or by autoclaving for 20 min at 121°C. Store

at 4°C in a glass bottle.
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Top agar supplemented with histidine/biotin
Use: to deliver the bacteria, chemical and buffer or S-9 mix to the bottom agar

Ingredients Per liter
Distilled water 900 ml
Agar 6 g
Sodium chloride 6 g
Histidine/biotin solution (0.5 mM) 100 ml

Add the agar and sodi w ' k containing 900 ml of distilled
water. Heat for 10 min in an a &, liquig C)é the agar. Then, add 100 ml of
limited histidine and bioti ). Pispense200 ml aliquots in 500 ml screw-

cap bottles. Label as TA -Q\\\'f- ion. Autoclave for 30 °C and

i e, melt the top agar in a

store at room temperatu

microwave oven or in boili

Nutrient broth

Use: to grow the tester strai

Ingredients Per liter
Distilled water ; 1000 ml
Oxoid nutrient broth No. ,,,,,,,,,7;,,—, e L ) 25¢g

Add the nutrient broth powder to the wa \ J ssolve. Dispense 50 ml in
125 ml Erlenmeyer flaskg or 5 ml in T0O0OX16 mm test tubesm\utoclave for 20 min. When

cooled, store in the f‘ark at rbofistemperature

DTS HYR Fiars e sy e

a

o—

Note: Difco nu

dense compared t%] when Oxoid nutgient broth is. used. Follow jthe manufacturer’s
e @RARIHIRLN INY ﬂ d

Sodium phosphate buffer, 0.1 mM, pH 7.4

Use: for testing chemicals in the absence of metabolic activation

Ingredients Per liter

Sodium phosphate, monobasic (0.1 M) 120 ml
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To a 1 1 water add 13.8 g NaH,PO4.H,O
Sodium phosphate, dibasic (0.1 M) 880 ml

To a 1 1 water add 14.2 g Na,HPO4.H,0

After mixing the two ingredients, mix well. Adjust pH to 7.4 using 0.1 M dibasic
sodium phosphate solution. Dispense 100 ml aliquots in 2 50 ml screw-cap bottles and
label as “Buffer, 0.1 M, pH 7.4” with date. Autoclave for 30 min at 121°C. Make sure the

caps fit loosely during autoclaving. W ighten the caps and store the bottles at

room temperature in the dark.

Co-factors for §9 mix
Use: to provide the NAD

Ingredients Per liter
Distilled water 900 ml
d-Glucose-6-phosphate 16¢g
Nicotinamide adenine din 35
Magnesium chloride (MgCl, 18¢g
Potassium chloride (KCI) (s < 27¢g
Sodium phosphate, dibasic (NazH 128 g
Sodium phosphate, mongbasic (NaH,PO4.H;0) A 28¢g

To 900 ml of Water, add each ingredi ia 14 making sure that each
ingredient is dissolved be@e adding t! one. This pro@s may take up to 1 h. When

all ingredients are dissolved; filter sterilize the eofactors (0.45 pm filter). Dispense in

sterile glass bottlﬂiuiﬂ)t’s}% Wﬁ w (E}n’v}tﬁ)]e‘sj)f these volumes, for

convenient use whét in need of 30%, 10% or 5% S9, gspectively, in tql:c;: final S9 mix (10

ni i PRI PALHNN 92 A 2]

Note: Prior tp each experiment thaw sufficient co-factors and S9 fraction and keep on ice
as soon as the S9 mix is prepared. A volume of 0.5 ml of the S9 mix is usually added per
plate.
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Enriched MGA agar plates
Use: to provide medium supplemented with essential nutrients and antibiotics for the
strain check or propagation of the strains and preparation of stock culture master plates.
Prior to preparing the 1-L. MGA agar plates (see recipe above) add the following
item(s) as required to the flasks containing the MGA agar medium; mix well before
dispensing.
¢ Biotin (B) plates: 8 ml of 0.01% ¢
e Histidine (H) plates (exce ‘
e Biotin/Histidine (B
e Biotin/Histidine/A

% solution.

d 0.5% histidine solution.

s BH plates but add 3 ml of
ampicillin solutio tration of ampicillin of 24
mg/ml. \

plates but add 0.25 ml of

e Biotin/Histidine/Tetra
tetracycline solution y Winchwill give .\- concentration of 2 mg/ml.
¢ Biotin/Histidine/ Ampigillig/ Tetrae - HAT) plates: same as BH plates but

add 3 ml of ampicillin solutiond# mg/n s \ 1 of tetracycline (8 mg/ml), to
AT \
give a final concentration of24 axn respectively.

Biotin solution (0.01 ,‘f.;gﬁt

i 1‘-‘
Use: to enrich MGA agac.pla f"« of strain and stock culture

master plate.

Ingredients Per 100 ml
Distilled water ﬂuﬂ‘q ﬂﬂﬂjw EJI]ﬂ‘j 100 ml
d-biotin 10 mg

QAANIATRNLT A G Bhrion

0.45 um filfér. Store at 4°C.

Histidine solution (0.5%, w/v)

Use: to enrich MGA agar plates for strain check, reisolation of strain and stock culture

master plate.
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Ingredients Per 100 ml
Distilled water 100 ml
L-histidine 500 mg

Dissolve the histidine in the water. Autoclave for 15 min at 121 °C. Store at 4 °C.

Ampicillin solution (0.8%, w/v)
Use: to confirm the presence of pla mid pKM101 in strain TA97, TA98, TA100 and

TA102 and preparation of master ITYing strains

Ingredients Per 100 ml

Distilled water 100 ml

Ampicillin \ 8 mg
Dissolve the ampigallin j o ter sterilize using a 0.45 pm

filter. Store at 4 °C.

Tetracycline solution (0.8
Use: to confirm the presenc
for strain TA102. : 4
Note: the stock culture master ég{": 3

102 and preparing master plate

2 should contain boih ampicillin and

tetracycline. 4.

Ingredients Y A Per 100 ml
Hydrochloric acid (0.02 !\m — ﬁ 100 ml
Tetracyclme 8 mg

e U PHIIEINE RE Going 045 g

Dispense in 10 ml iquots in sterile tes&tubes Store at 4°C in the to protect against

= QIRIRAAT NI NN a

Crystal violet solution (0.1%, w/v)
Use: to confirm the presence of the rfa mutation in all the tester strains

Ingredients Per 100 ml
Distilled water 100 ml

Crystal violet 100 mg
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Dissolve the crystal violet in the 100 ml of water. Mix well and store at 4°C in a
brown glass bottle to protect against light.

Nutrient agar plates
Use: (1) to streak newly received cultures for single colonies, (2) to test for crystal violet
sensitivity (rfa) in lieu of using MGA agar plates supplemented with excess histidine and

biotin, (3) to test for viability of bacteri

Ingredients Per liter
Distilled water 1000 ml
Agar 15g
Oxoid Nutrient Broth No.2 ‘ 25g
Add the agar to thef¥ agef ifi, e ¥ d'heat'to dissolve. Add the nutrient

broth powder and stir until 1 at 121 °C. Let the agar cool to

about 65 °C. Dispense 2 ore upside down in sealed

plastic bags at 4 °C.

Table 5.1 Spontaneous reverta

ber of revertants

e Y. L7 Withso
TA97 7 100-200
TA98 | U 20-50
TA100 75200, 75200
TA102 200-400
s ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ v
TA1535
- Q W ﬁNﬂ‘ﬁﬂJ WWNINY as?zb
TA1538 5-20 520

Ref; Mortlemans and Zeiger, 2000
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B. Procedure for isolation and bacterial culture

B.1) Reisolation of tester strains

overnight culture of the -~‘f:i'*; {}I si 3 0f

Take one frozen permanent of the standard tester strains, S.Typhimurium TA98

and TA100 from freezer, thaw at room temperature.

Apply of s mall aliquot (0.05 m1) thawed culture into 12 m1 of Oxoid Nutrient

Broth No.2

Incubate the plates at 37°
nies of each strain are picked

er water bath at 37 °C for 14

The cultures are reisola
Incubate the plate a
up and grown in
hours.

The cultures are plate and confirming of the

Master plates are us ng bacteria for inoculating the

se plates should avoid the problems

that arise when the frezén p ermanents are opened frequently.

Each of the overfiig
Ampicillin plates. ‘

“colony isolation spread on

Incubate the plate at §72€ for 24 hours. &/
The masteﬂil)

1 &) ol KL Q&L 2 ot o oo i

the number of spontaneous revertant colonigs, per plate falls,out of the range

QEHRAN TN TINY 1

B.3) Procedure for growing cultures

Taking a single sweep from the master plates with a sterile wire loop, and grow in

a 50 ml flask containing 12 ml Oxoid Nutrient Broth No.2
Incubate the flask at 37 °C with shake 120 rpm in shaking water bath for 14-16

hours.
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e The culture will grow to density of 1-2x10° CFU/ml (O.D.s4 between 0.1 to 0.2)

e Remove the culture to an ice bath and dark place until it is required for the assay.

B.4) Confirming genotypes of tester strains
The genotypes of b acterial strains used in mutation assay should be determined
from time to time. Checks are necessary when strains are first received or the results of

positive control assays fail to meet the stand:

ccepted by the particular laboratory. A
good compromise would be to determined s_at regular intervals such as two
month. Confirming genotype 18 ed-wit &éatlon; histidine requirement, R-
factor, rfa mutation, wuvr. ing cultures, spontaneous

reversion and the respons

. istiding-and biotin dependence (his’, bio’); Stfeak a loopful of the culture

excess of histidine and

e Incubate at 37 °Gfor 24 hours.

. BN T AR T s s

on histidine-minusg plate. (Figure 5.1)
QRANIN I UNINLE
Tester strain TA98 and TA100 contain R-factor plasmid (pKM101) should
be test for the presence of the amplicilin resistance factor because the plasmid is
some what unstable and can be lost from the bacteria which can be determined as
follow;
e Streak a loopful of the culture across a MGA agar plate supplemented with

an excess of biotin and histidine.



117

e Place a strile 6 mm. filter paper disc containing 10 pl/ml ampicillin in the
center of the streak .
e Incubate the plates at 37 °C for 24 hours.

e The Salmonella strain should show a zone of growth inhibition

surrounding the disc only with strain carrying pKM101. (Figure 5.2)

Figure 5.1 Confirmation the genotypes (his ~ gbio ") of S Typhlmurlum strains TA98

o P LIPS A0 o ar i

and stfidaked on (a and c) I}dGA plate w1th histidine and blotm then (b and

QW\‘]T’TW%W‘T”J‘% H8 Y

B.4.3) rfa mutation

Tester strain TA98 and TA100 as carrying the rfa mutation are more
permeable to large molecules. Thus, this characteristic is confirmed by testing
their sensitivity to the lethal effect of a high molecular weight which the crystal

violet dye was used which can be determined as followed;



Figure 5.2
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J A:J-':"' G(-&A
eqquges (p% rﬁz uvrB ") of S. Typhimurium
strains TA98 and TAI‘(ESmglq?gvertant colony from MGA plate with

.-'_-__'

Amp’ 1nclut§ng histidine and 'bwtm was clﬂq_f on MGA plate containing

Confirmation the

a ‘F'téchmque and was also

streaked on Jhe same kind of plate (b and' d). No inhibition zone

surrounding Aer disc (on the left of a and c¢) was detected. But clear zones

w6143 PGB ) o s

growthjof bacteria after exposure to UV light as shown on the right- streaked

iRl Angnas

Add 0.1 ml of fresh overnight culture of each tester strain TA98 and
TA100 into a tube containing 2 ml of molten top agar and held at 45 °C
and vortexed for 3 sec at low speed and poured on a nutrient agar plate.
Rotate the plate to distribute the top agar evenly, place it on a level surface.

Allow several minutes for the agar to become firm.
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e Place a sterile filter paper disc in the center of the streak and apply 10 pl of
sterile 0.1 % crystal violet solution.

e Incubate the plate at 37°C for 12 hours.

e All Salmonella strain should grow on overlay, except around the disc, and
showed a clear zone of inhibition (approximately 14 mm). Therefore, the

result indicated the presence of rfa mutation as permitting large molecules

permeate into the cells 11 death (Figure 5.2).
B.4.4) uvrB mutation
Tester strain

sensitive to the ultraviolet li : llow

vrB mutation that make them
agar plate in the parallel
. i oazd 5 acovered plate so that the halfof
e icidal lamp at a distance of 33

e Incubate the plates a é‘:- 24
e The salmonella % --., , th on the uncovered slide of the

plate (F I
B.4.5) Spontaneo : X
spontaneous reversion of thEtester strains to histidine
independence as \.ﬁ ? olv O) instead of the test
chemicals was UE uﬂ ﬂﬂ% wﬂiﬁ ifferent frequency as
shown in Table 5. 1 the numbers might slightly besdifferent on plates which could be

detemeqsmmmm dR1INEIaE

Taking the solvent (DMSO) 0.1 ml to sterile capped culture tubes as placed

The condition of

in ice bath.

e 0.5 ml the S9 mix or NaPO,;-KCl buffer pH 7.4; in case of without S9

activation

e 0.1 ml of fresh overnight culture 14-16 hours was added.
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e 2 ml of molten top agar was added, vortex the tube gently and pour on GM
agar plates.

e Rotate the plates then left it to become harden.

e Incubate at 37°C for 48 hours.

e The histidine revertant colonies of each strain were counted as shown in

Figure 5.1

B.4.6) The response to standardicar

The standard carcinogens were.used to conf nsitivity and specificity of each

& expetificat.are B(a)P for TA98 and TA100

strain and the efficacy of the
strains in the presence of DO strains in the absence of S9
mix. Testing as well as the'methed u's Ataneous reversion but 0.1 ml of B(a)P for TA98
(10 pg/plate) and TA10045 V | nix and AF, for TA98 (10
pg/plate) and TA100 (5 pgfpla are used instead of 0.1 ml of

DMSO (Figure 5.3)
C. Preparation of mammalian

C.1) Induction of mam
Liver homogenates_ phenobabital and 5,6-
benzoflavone. The indue

(Massushima et al., 1976);

e A single (i) i 'r\q, ‘f i ital in saline solution, at
a dosage ﬂoﬁﬁj& m gmﬁ ﬁ}?

e A single (i.p) injection of 20 mg/ml of sodi enobabital infsaline solution, at a
LA b RrEio) ) £

e A single (i.p) injection of 20 mg/ml of sodium phenobabital in saline solution, at a

as described as follows

dosage of 60 mg/kg B.W. in the morning as second day and a single (i.p) injection
of 10 mg/ml of 5,6-benzoflavone in the corn oil at dosage of 80 mg/kg B.W. in the
afternoon of the third day.
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e A single (i.p) injection of 20 mg/ml of sodium phenobabital in saline solution, at a

dosage of 60 mg/kg B.W. in the morning of the fourth day as second day, and the

animal are given drinking water adlibitum until 12 hours before sacrificed.

Figure 5.3 The spontaneoug revertant colonics on MGA plaﬁe (a,d) and on MGA added
with standard rﬂulzagen AF 2, 0 1 .ng/plate (b) 0.01 pg/plate (e); B(a)P 10

g/platq(c{) 5 pg/ptdte (d> of s, Tyfghlmurrum sdralds TA98 and TA100.
C2) Remove of lzver

AlI.sPrgmd E St mts giaS’sland] soﬁutlon were #terxllzeﬁ Mes The rats were

killed by cefvical dlsldcatlon on the fifth day The llvers must be removed with sterile

technique, as followed;
e Flooded the for around the abdominal with 70% ethanol and the cut through skin

with sterile scissor.

e Swabbed the muscle layer with 70% ethanol and then cut through it with a fresh

pair of sterile scissor.
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e The livers were removed by cutting through the blood vessels and connective

tissue.

C.3) Liver homogenate S9 fraction (Garder et al.,1972)
All steps of the procedure were carried out at 0-4 °C using cold, sterile solutions

and glasswares as followed;

e The freshly excised livers wer in the preweighed beaker containing

approximately 1 ml Of chil \ y er weighing, the liver will be
washed several times i rest illed L

e Transferred the w ing three volume of0.15 M

KCl1 (3 ml/g of w

e Chop the livers zed in the Potter-Elvehjem

apparatus with a te

e The homogenate wa #d for iinutes,at 9,000 x g at 4°C.

e The supernatant (S9 ) iately and distributed in 1-2

ml portions into cryogeni€ t
The sterility of S9 prepar afion was determined by plating 0.1 ml on minimal

l-' .l‘;."'fia‘a‘i )
glucose agar plate containi sre should have no growth of

i —

bacteria on the plates. Y x ‘

C.4) Determine protfm of §9 fraction ( Lowry et al.,1951)

The stoc for protein content in
S9 prepared froklﬂn ian’ liver. rotei mgas approximately 40
mg/ml an, P450 w assay.
Reagents mﬁﬁﬁ ‘;ﬁ ﬁii??l m ﬁd\g},

ReagentA

Ingredients Per liter
Distilled water 1000 ml
Na,COj3 (Sodium carbonate anhydrous) 20g
NaOH (Sodium hydroxide) 4¢g

NaKC4H40.4H,0 (Sodium potassium tartrate) 02g
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Reagent B

Ingredients Per 100 ml
Distilled water 100 ml
CuS04.5H,0 ( Copper sulfate pentahygrate) 05¢g

Reagent C (Phenol reagent)

Ingredients Per 100 ml
Distilled water 50 ml
Folin-Ciocateu’s phenol reage 50 ml
Reagent D
Ingredients
Reagent A 50 ml
Reagent B v \ 1 ml
e Add sample 1 ml @iluted ».5 and \l old of S-9 fraction sample.
e Add reagent D 3.0 velt andEwai inutes before adding 0.3 ml of
reagent C. ] |

e After 30 minutes, measure e ¢ at 650 nm and calculated protein

content from calibration curve by usin o bovine serut o

ibration curve by bumin as standard protein

concentrate at 016 20
|

0.600

0 20 40 60 80 100 120 14C 160 180 200
Protein (ug/ml)
Figure 5.4 Protein content of S9 fraction sample calculated from standard protein curve,

the S9 fraction sample contains 41.86 mg/ml protein.
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APPENDIX B

A. Recipes for reagents and media

Tryptic Soy Agar (TSA)
Use: medium agar for mutagenicity and anti-mutagenicity assay
Ingredients Per liter
Distilled water 1000 ml
Agar 15¢g
Tryptic Soy Broth ~ 30g

Add the agar to thewater'in a 2- ,\,__%, to dissolve. Add the nutrient

broth powder and stir until d /- A min at 121°C. Let the agar cool
(]

| > f
\‘\ -
to about 65°C. Dispense \\\ tore upside down in sealed

plastic bags at 4°C and Keep

Mec. Farland No. 0.5

Use: calibrate density of cuy

Ingredients e .-‘-.', Per 10 ml
1% Barium chlo:ide (Bacl,) #’, A; 0.5 ml
1% Sulfuric acid (H ;, 4 9.5 ml

Dissolve 1% B7r id. Mix well and store at 4 °C

in the dark. :|
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