Conclusions

Selection for mice resistant or susceptible to fescue toxicosis using the impact on
post-weaning growth rate of a toxin-containing diet as a selection criterion was successful.
Resistant line mice were also able to better withstand toxic challenge later in life, as
measured by reproduction. However, the same mechanisms possibly responsible for less
reduction in growth rate post-weaning, GST and UDPGT detoxification activity, may not
be the mechanisms responsible for less reduction in reproductive measures, though GST
enzyme activity was still higher in R than S mice. Further work may uncover additional
physiological coping mechanisms in R mice.

Two other issues that should be examined are the choice of selection criteria and
the definition of response. In this case, selection for changes in growth rate between lines
also resulted in changes in reproductive abilities under toxic challenge. One would hope
that these results of selection are correlated and changes in one would result in changes in
another, but this may not be true in every case. Selection must change underlying
physiological coping mechanisms common to all aspects of animal biology which we are
seeking to improve.

In addition, selection for susceptibility may involve entirely different
physiological variables than selection for resistance; the two responses may not be

opposite extremes of the same trait. Instead, for example, selection for susceptibility to



toxic fescue may have resulted in mice with higher core body temperatures, which would
cause a severe reduction in feed intake when exacerbated by the vasoconstrictive
properties of toxic fescue.

Examining the true reason for susceptibility within our experiment may prove
challenging. No control line was maintained, and purchasing mice from the original source
may not allow a fair comparison. Our mice have been managed for the past five years
under different environmental conditions than the original population. Slight inbreeding
was unavoidable (Wagner and Hohenboken, 1997) and the population has endured at least

one disease outbreak.

Implications

Fescue toxicosis is a result of the interaction among animal, grass, and endophyte
genomes and the relationship among these three is still poorly understood. Selection for
resistance to fescue toxicosis in cattle may prove effective in reducing the impact of the
condition on the cattle industry. However, as these studies in mice have shown, selection
for response in one clinical sign of fescue toxicosis may improve others, but not
necessarily as a result of the same physiological factors. The impact of these changes

must be studied at each phase of the animals’ life cycle.
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Liver collection

Purpose
To collect and preserve mouse livers for determination of glutathione-S-
epoxytransferase and uridine diphosphate glucuronosyltransferase activities.
Procedure
Kill mice by CO, asphyxiation or other approved, humane method.
Extract liver, seal in labeled plastic biological sample bag, and place immediately
on ice or in liquid nitrogen. Do not keep sample on ice for longer than two hours.
Store at —70°C until needed.
Materials
CO, tank
Dissection kit, including scalpel or scissors
Plastic storage bags

Ice or liquid nitrogen
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Cytosolic and Microsomal Extractions

Purpose
To obtain cytosol and microsome fractions from mouse liver for glutathione-S-
transferase and UDP-glucuronyltransferase assays

Reagents and Buffers
Prepare stock solutions prior to procedure; expiration 3 mo.

Liver Homogenizing Buffer (pH 7.4)

K,HPO, (MW 174) and NaH,PO4, (MW 120) in 0.1 M 1.15% KCI buffer
Prepare 1.15% KCI solution.
11.5 gm KCl per 1 L ddH,0
or
5.75 gm KCI per 500 mL ddH,O
Prepare K,HPO, and NaH,PO, in KCl solution.
B K,HPO, 17.4gm/ 1 L KCI
or
8.7 gm /500 mL KCl
A NaH,PO, 12.0gm /1 L KCIl
or
6.0 gm / 500 mL KCI
Add A to B and check pH. Store at -4 °C; bring to room

temperature before use.

Microsome Resuspension Buffer (pH 7.4)

10 mM Tris-Acetate, 0.1 mM EDTA, 20% wt/vol glycerol
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Tris-Acetate 1.81gm/ 1L
EDTA 292mg/1L
Glycerin 200gm/1L

Add Tris-Acetate and EDTA to 750 mL ddH,O. Adjust pH to 7.4 using
2.5 M NADH. Add 200 gm glycerin. After mixing, bring to 1 L volume
with ddH,0. Check pH. Store in -4 °C; bring to room temperature before
use.

Procedure

Divide livers into manageable groups for processing and record date and group
number

Prepare 25% homogenates in liver homogenizing buffer.
Weigh approximately 1.75 gm mouse liver and place in glass test tube.

Add KCl buffer.
mL of buffer = liver weight in gm x 3. Example: use 1.75 gm liver and 5.25
mL KCl buffer.

Homogenize mechanically for approximately 10 sec using Polytron
homogenizer with speed set at 5.

Centrifuge 10,000 rpm at 4° C for 10 min after visually balancing tubes. Aspirate
supernatant into ultracentrifuge tubes, carefully avoiding fat layer on surface and
“junk” tissue layer on bottom of tube.

Centrifuge 40,000 rpm at 5° C for 1 hr after carefully balancing pairs to within
0.05 gm. Do not overfill ultracentrafuge tubes- maximum weight should not exceed
7.45 gm.

Mark volume of supernatant on centrifuge tube with marker or thumbnail, then

pour off supernatant (cytosol), leaving pellet (microsomes), into three 1.5 mL
microcentrifuge tubes (Eppendorf) and freeze at -70° C.
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Bring pellet to marked volume using microsome resuspension buffer. Resuspend
pellet by dislodging with a spatula, then homogenize with a glass tissue
homogenizer. Aliquot into three 1.5 mL microcentrifuge tubes (Eppendorf) and
freeze at -70° C.
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Glutathione-S-Epoxytransferase Activity Assay

Purpose

To provide a microassay for glutathione-S-epoxytransferase activity in mouse
liver using the substrate 1,2 epoxy(p-nitrophenoxy)propane

Reagents and Buffers

0.1 M Sodium Phosphate Buffer (pH 6.5)

A NaH,PO, (Sigma # S-0751; mw 120) 6.0 g/ 500 mL ddH,0
(sodium phosphate monobasic)

Swirl before adding full volume to prevent clumping.

B Na,HPO, (Sigma # S-0876; mw 142) 7.1 g/ 500 mL ddH,0
(sodium phosphate dibasic)

Swirl before adding full volume to prevent clumping.
Add B (~270 mL) to A (500 mL) until pH equals 6.5. Store in -4°C;

bring to room temperature before use. Prepare stock solution prior
to assay; expiration 3 mo.

10 mM Glutathione Solution

Glutathione (Sigma # G-4251; mw 307)
18.42 mg / 1 mL sodium phosphate buffer

Prepare on day of assay. Store at -4°C until immediately before use;
discard unused portion.
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0.5 mM 1,2 Epoxy(p-nitrophenoxy)propane Solution

2X: Epoxy (Acros # 40944.0050)
11.70 mg / 10 mL 100% ETOH
Epoxy is difficult to soluablize in ddH,0.

1X: Above epoxy/ETOH solution is diluted 1:2 in sodium phosphate
buffer just prior to assay.

Want final concentration of 0.585 mg epoxy / 1 mL solution and 8.33%
ETOH in system for assay. Prepare on day of assay. May store at -4°C
until needed; bring to room temperature prior to use.
Procedure
Prior to assay
Thaw cytosol samples at -4° C.
Prepare 10 mM glutathione solution and refrigerate.

Bring epoxy solution and sodium phosphate buffer to room temperature.

Warm microplate reader (Spectramax 250, Molecular Devices Corp.,
Sunnyvale, CA) to 37° C.

Set microplate reader parameters using SoftmaxPro program (Version
1.2.0, Molecular Devices Corp., Sunnyvale, CA, 1994).

Choose kinetic run.
Read at 360 nm wavelength.
Run at 37° C.

Include a 3 minute lag time prior to start.
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Set run time of 11 min with 23 readings of 30 seconds each.
Mix one time prior to the run but do not mix in between readings.
Diagram template. Use 3 replicates of each sample, a tissue blank for each
sample, and one reagent blank per tray.
Microplate preparation
In flat bottom plate (ninety-six 300 ul wells), pipette into each well:
25 ul vortexed cytosol
175 ul sodium phosphate buffer
Do not mix in microplate reader.
Pipette into each well:
50 ul vortexed glutathione solution
QUICKLY ADD 50 ul 1X vortexed epoxy solution
Mix in microplate reader for 10 seconds.
Choose Read in SoftmaxPro and run for 11 min.
Protein assay
See Protein Determination Using the Bio-Rad Method (SOP 71-M-05)

Use a 1:100 dilution for this assay.
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Sample Calculations

Twenty-three samples can be run in triplicate per plate with a tissue blank
for each sample and up to 8 reagent blanks (these calculations include 3).

4 wells x 25 ul cytosol = 100 ul cytosol from each sample.

For two plates, only need 0.2 mL from the 1.5 mL microcentrifuge tubes.
91 wells x 50 ul / well glutathione solution = 4550 ul glutathione / plate.

1 formulation (10 mL) of glutathione solution can be used for 2 plates.
72 wells x 50 ul / well epoxy solution = 3600 ul 1X epoxy / plate.

Formulate 8 mL of 1X epoxy solution for two plates: 4 mL 2X epoxy
solution + 4 mL sodium phosphate buffer.

Tissue blank- cytosol, glutathione solution, sodium phosphate buffer

Reagent blank- epoxy solution, glutathione solution, sodium phosphate
buffer

Epoxy (for two plates):

2x: make 6 mL

11.70 mg epoxy = 7.02 mg epoxy
10 mL ETOH 6 mL ETOH
1x; make 10 mL

use 5 mL 2x + 5 mL sodium phosphate buffer

Glutathione (for two plates):

make 12 mL
18.42 mg GST = 22104 g GST

1 mL sodium phosphate buffer 12 mL sodium phosphate buffer
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Uridine Diphosphate Glucuronosyltransferase Activity Assay

Purpose

To provide an assay for UDP-Glucuronyltransferase activity in mouse liver

Reagents and Buffers

75 mM Tris-Maleate buffer (pH 7.4)

Prepare 17.79 gm trizma maleate (Sigma # T-3128, mw 237.2) in 800 mL
ddH,0.

Adjust pH using IN or 5N sodium hydroxide.
Bring to 1 L and check pH.

Store at -4° C; bring to room temperature before use. Prepare stock
solution prior to assay; expiration 3 mo.

1.2 M Sodium Phosphate Buffer (pH 2.35 - 2.45)

Prepare 144.0 g NaH,PO, (Sigma # S-0751; mw 120) in 800 mL ddy20.
Adjust pH using (approx. 100 mL) 85% phosphoric acid.
Bring to 1 L and check pH.

Store at -4° C; bring to room temperature before use. Prepare stock
solution prior to assay; expiration 3 mo.

Substrate Solution

0.5 mM 2-aminophenol (Aldrich # A7,130-1; mw 109.13), 1.0 mM
ascorbic acid (Sigma # A-7631; mw 195.1), and 10 mM magnesium
chloride (Sigma # M-0250; mw 406.6) in 75 mM tris-maleate buffer
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Prepare 10.9 mg 2-aminophenol, 39.6 mg ascorbic acid, and 406.6 mg
magnesium chloride in 100 mL tris-maleate buffer.

Aliquot 8-10 mL into freezable tubes (polyethylene) and store at -70° C.

Solution should remain colorless- yellow color indicates oxidation
and solution must be freshly prepared. Expiration 3 mo.

1.0% w/v Ammonium Sulfamate Solution

Prepare 3.0 gm NH4;SO3;NH, (Sigma # A-8670; mw 114.1) in 300 mL
ddH,0.

Store at -4° C; bring to room temperature before use. Expiration 3 mo.

1.0 M Trichloroacetic Acid Solution (TCA)

Prepare 81.7 gm TCA (Mallinckrodt # 2928; mw 163.4) in 500 mL ddH,0.

Store at -4° C; bring to room temperature before use. Expiration 3 mo.

2-Aminophenol-b-glucuronide [or O-Aminophenyl b-D-glucuronide] Standard
Solutions

Prepare from 1 mg/ 1 mL stock solution (Sigma # A-4667; mw 285.3)).

See sample calculations below. Expiration 3 mo.

0.2% w/v Sodium Nitrite Solution

Prepare 0.60 gm NaNO, (Sigma # S-2252; mw 69.0) in 300 mL ddH,0.

Store at -4° C; bring to room temperature before use. Expiration 1 wk
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52 mM Uridine 5’-diphosphoglucuronic acid (UDP-GA) Solution

Prepare 342.9 mg UDP-glucuronic acid (Sigma # U-6751; mw 646.2;
purity 98%) in 10 mL tris-maleate buffer.

If purity or mw differ, prepare using the equation:

(52 mM /L) x (0.01 L) x (mw) x (100 / % purity) =  mg/ 10

Prepare fresh on day of use.

0.2% w/v N-(1-napthyl)ethylenediamine, dihydrochloride Solution

Prepare 0.60 gm N-(1-napthyl)ethylenediamine (Sigma # N-5889; mw
259.2) in 300 mL ddH,0.

Leave at room temperature. Prepare fresh on day of use.

Procedure
Prior to assay
Thaw microsomes, return to -4° C.
Thaw substrate solution, return to -4° C.
Set water bath to 37° C.

Prepare UDP-GA and ethylenediamine solutions daily and sodium nitrite
solution weekly.
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Sample analysis

Prior to initiating sample assays, analyze standards (calculations below) to
provide standard curve and to determine technician proficiency. During all
following sample analyses, use one standard (40 ug/mL) as a positive
control.

During each run, analyze microsome samples, a tissue blank (negative
control), a reagent blank, and a standard.

Add the following to 50 mL beakers:

Sample beakers: Standard beaker:

325 ul substrate solution 325 ul substrate solution

150 ul tris-maleate buffer 150 ul tris-maleate buffer
50 ul UDP-GA solution 50 ul UDP-GA solution

125 ul liver microsomes 125 ul (40 ug/mL) standard

solution

Tissue blank beaker: Reagent blank beaker:

no substrate solution 325 ul substrate solution

475 ul tris-maleate buffer 275 ul tris-maleate buffer
50 ul UDP-GA solution 50 ul UDP-GA solution

125 ul liver microsomes no liver microsomes

Swirl beakers vigorously and incubate in a 37°C oscillating water bath (7-8
opm) (Precision # 668800) for 20 min.

Stop the reaction by adding 650 ul TCA to beakers.

Pour solutions into test tubes and centrifuge for 5 min. in a tabletop
centrifuge (Fisher Centrific) set at speed 7.

Transfer ~1.0 mL of supernatant to new test tubes. Due to evaporation
during incubation, supernatant volume may range from 600 ul to 1 mL.
The available supernatant volume must be recorded for later calculations,
but the following reagent additions do not have to be reduced accordingly;
they are added in excess anyway.
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Add 1.0 mL sodium phosphate buffer. Vortex vigorously.
Add 500 ul sodium nitrite solution. Vortex vigorously. Wait at least 3 min.

Add 500 ul ammonium sulfamate solution. Vortex vigorously. Wait at least
3 min.

Add 500 ul N-(1-napthyl)ethylenediamine solution. Vortex vigorously.
Incubate in the dark at room temperature for 90 min.

Read absorbance at 550 nm in a spectrophotometer (Beckman DU640B)
by vortexing the solution and pouring it into a 3 mL cuvette. Read
immediately to prevent bubble formation on sides of cuvette. Rinse the
cuvette with ddH,0 prior to reading each sample.

Note: Normally standards, especially concentrated ones, will turn purple
before the 90 min. incubation. The pH of standards after incubation should
be 2.2-2.3. After incubation, tissue samples will become various shades of
purple, the reagent blank will be faintly purple, and the tissue blank will
remain clear. However, if the tissue samples turn purple before incubation
the solutions may be too acidic. If the solutions are too basic, they will
turn cloudy yellow-brown or yellow-pink.

Protein analysis
Measure the protein concentration following the protocol titled “Protein

Determination Using the Bio-Rad Method” (SOP 71-M-05). Use a 1:50
dilution.

83



Sample Calculations

Standards

final concentration | vol. of 500 ug/mL | vol. tris-maleate
(ug/mL) solution (ul) buffer (ul)
200 400 600

100 200 800

80 160 840

60 120 880

40 80 920

20 40 960

10 20 980

5 10 990

1030 ul

= 1000 ul

Make 1.0 mL of each standard. Stock solution is 1 mg/mL. Prepare 500
ug/mL solution to create standards.

1050 ul of 500 ug/mL sln =

1000 ul of 200 ug/mL sln =

References

Dutton, G. J.,, J. E. A. Leakey,

525 ul 1 mg/mL stock sln

525 ul 1 mg/mL stock sln + 525 ul tris-

maleate buffer

400 ul 500 ug/mL prepared sln

400 ul 500 ug/mL prepared sln + 600 ul tris-

maleate buffer

and M. R. Pollard. 1981. Assays for
UDPglucuronyltransferase activities. Methods Enzymol. 77:383-391.
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Protein Determinations

Purpose

To determine protein content of liver tissue using the Bio-Rad protein method.

Procedure
A. Preparation of the standard curve
Use Bovine Serum Albumin (BSA) (Bio-Rad Chemical Division, South
Richmond, CA) to prepare 1 mL of a .500 mg/mL solution using V,C, =
V,Cy
For example, if stock solution = 1.42 mg/mL protein:
V] =X Vz =1.00 mL
C;=1.42 mg/mL C,=.50mg

(X) (1.42) = (1.00) (.50)

(X) = .35 mL BSA

Adjust to 1.00 mL with .65 mL distilled water.
Use this solution to prepare a range of standards.

Storage at -70° C for <6 mo.
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Standard

Final Concentration (mg/mL) BSA (.5 mg/mL) (ul) Volume H,O (ul)

S8
S7
S6
S5
S4
S3
S2
S1

.50
40
.30
.20
.10
.05
025

500
400
300
200
100
50
25
0

B. Preparation of Bio-Rad dye reagent

Dilute Bio-Rad protein dye reagent (Bio-Rad Chemical Division, South

Richmond, CA):

1 part Bio-Rad protein dye and 4 parts water (Ex: 25 mL Bio-Rad +
100 mL H,0)

Filter through #1 Whatman paper

0
100
200
300
400
450
475
500

Protect from light; can be stored at room temperature for 12 d.

C. Read samples in microplate reader (Spectramax 250, Molecular Devices Corp.,

Sunnyvale, CA)

Samples:

Add 120 ul BioRad solution to microplate wells

Add 130 ul BioRad solution to microplate wells

Add 10 ul sample* to microplate wells

Mix in microplate reader

Mix in microplate reader

* Samples may be diluted prior to analysis to fall on

absorbance curve defined by standards. A 1:100 dilution
was generally best (25 ul sample + 2475 ul PBS buffer)

86



Blank:
Add 250 ul Bio-Rad solution to microplate wells
Add 10 ul buffer to microplate wells
Mix in microplate reader

A correlation above .97 is acceptable

Sample Calculations

Example:
Absorbance: .566
Dilution Factor: 100
Slope: 2.02

Protein in mg/mL: ((.566) / (2.02)) (100) = 28.01 mg/mL
On microplate reader printout, multiply mean result by dilution factor for same
answer.
References
Procedure modified from SOP 71-M-05, Toxicology Laboratory, Virginia-Maryland

Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State
University, Blacksburg, VA.
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Glutathione-S-Epoxytransferase Activity Calculations

Definitions

AA=¢bc
AA: change in absorbance, measured in OD/minute
¢ = absorbtivity, a constant for GST measured in millimolar

b = cell length, a constant for GST measured in centimeters
c¢: concentration, measured in nanomoles/mL/minute

AA: .008015 OD/minute
protein: 13.0 milligrams/milliliter
total well volume: .3 milliliters
cytosolic well volume: .025 mL
€ .5 /millimolar
b: .86 cm

Example

To find the change in absorbance per minute:

AA=¢ebc
(.008015) = (.5) (.86) (¢)
¢ = 18.6 nanomoles/mL/minute

To find the activity per incubation:

(18.6 nanomoles/mL/minute) (.3 milliliters/incubation)
= 5.59 nanomoles/minute/milliliter

To find the enzyme activity per milliliter:

5.59 nanomoles/minute/milliliter / (.025 milliliter) (13.3 milligram/incubation)
= 16.8 nanomoles per minute per milligram protein
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Uridine Diphosphate Glucuronosyltransferase Activity
Calculations

Definitions

AA=¢bc
AA: change in absorbance, measured in OD/minute
¢ = absorbtivity, a constant for UDPGT measured in millimolar

b = cell length, a constant for UDPGT measured in centimeters
c¢: concentration, measured in nanomoles/mL/minute

AA: .1349 OD/minute
protein: 5.9 milligrams/milliliter
total tube volume: 650 microliters
microsomal tube volume: 125 microliters
TCA volume: 650 microliters
supernatant volume: 750 microliters
post water-bath volume: 4 milliliters
€ 39 /micromolar
b: 1 cm

Example

Absorbance = (AA) (Factor)
(g) (protein)

Factor = (Volume of tubes into water bath / Volume of microsomes) ((Volume of
tubes into water bath + Volume of TCA)/Volume of tubes into water bath))
(Volume of supernatant + volume of post-water bath additions / Volume of
supernatant)

Factor = (650 ul / 125 ul) (650 ul + 650 ul/ 650 ul) (750 ul + 4000 ul / 750 ul)

Factor = 32.9

90



Absorbance = (.1556 OD/minute) (32.9 ul)
(39 micromolar) (5.9 milligrams/milliliter)

= 2.2 nanomoles per minute per milliliter
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Dutton, G. J., J. E. A. Leakey, and M. R. Pollard. 1981. Assays for
UDPglucuronyltransferase activities. Methods Enzymol. 77:383-391.
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Appendix 11

Data Listing
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Catherine Ann R. Wagner
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