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Tris hydroxyl methyl) amino methane
Tris base

Tris (hydroxyl methyl)-amino methane hydrochloride (Tris-HCI)
HCI

NaCl

Acetic acid

Sodium acetate

Di-potassium hydrogen orthophosphate
Potassium dihydrogen orthophosphate
NAD* -oxidized Nicotinamide adenine Dinucleotide
NADH - reduced Nicotinamide adenine Dinucleotide
Sodium pyruvate

Sodium lactate

Sodium Carbonate NaCO3

sodium carbonate anhydrous

sodium hydroxide pellets

Ammonium sulfate

Urea

Oxalic acid

SDS

Glycerol

Glycine

Acrylamide

Bisacrylamide

2-mercaptoethanol

Bromophenol blue

Ammonium persulfate

Commasie blue

Methanol

Bovine Serum Albumin

Ethanol

Phosphoric acid

TEMED- N,N,N,N- tetramethylethyldiamine
Bradford Reagent — if available

Folin

Proteins Marker — For electrophoresis
Anion Exchange — DEAS Kit
Sephadex G-25

EDTA

Sodium tartarate

CuS04.5H20

Chemicals

Equipment Centrifuge tubes 50 ml, 15 ml

Eppendorf tubes and rack

Dialysis tape

Anion exchange colum

Cuvettes — Quartz

Cuvettes — Plastic

Plastic Pasteur pipette

Micropipette 10-100, and 100-1000 and Tips

SDS PAGE electrophoresis tank- Power Supply-Comb 1.5 mm- 2 glass
slides 1.5 mm

e Magnetic stirrer




Instruments

Blender
Balance

Centrifuge
Spectrophotometer
Water Bath

PH meter

Shaker

Glassware

Beakers

Volumetric flasks 50 ml, 100 ml, 500 ml, 1000 mli
Measuring Cylinders 10, 50, 100, 200 ml

Test tubes

Brown Bottles

Buchner funnel

Glass wool




Solution

Preparation

Tris buffer (0.1 M, pH 7.4) :

Dissolve 12.114 g of Tris in 50 ml distilled water, adjust pH with
concentrated HCI to pH 7.4, add distilled water to make the total
volume 1000 ml.

9%Normal saline:

Dissolve 1.8 g of NaCl in 200 ml distilled water.

Tris-HCI buffer(0.01M, pH 8.6)

Dissolve 0.1576 g of Tris base in 50 ml distilled water, adjust pH with
concentrated HCI to pH 8.6 , add distilled water to make the total
volume 100 ml.

0.1 M acetic acid solution:

Add 8.8164g of acetic acid in 1000 ml of distilled water.

Acetate buffer(0.1M,pH 4).

Mix 420 ml of acetic acid and 0.615 g of sodium acetate, adjust the
final volume to 500 ml with distilled water, adjust the final pH using
pH meter.

Acetate buffer(0.1M,pH 5).

Mix 185 ml of acetic acid and 2.615 g of sodium acetate, adjust the
final volume to 500 ml with distilled water, adjust the final pH using
pH meter.

1M Di-potassium hydrogen

Dissolve 87.09 g of di-potassium hydrogen orthophosphate in 500

orthophosphate: distilled water.
1M Potassium dihydrogen Dissolve 68.045 g of potassium dihydrogen orthophosphate in 500
orthophosphate: distilled water.

Potassium phosphate
buffer(0.1M,pH 6).

Add 13.2 ml of 1M dipotassium hydrogen orthophosphate to 86.8 ml of
potassium dihydrogen orthophosphate, adjust the final volume to 200
ml with distilled water, adjust the final pH using pH meter.

Potassium phosphate
buffer(0.1M, pH 7).

Add 61.5 ml of 1M dipotassium hydrogen orthophosphate to 38.5 ml of
1M potassium dihydrogen orthophosphate, adjust the final volume to
200 ml with distilled water, adjust the final pH using pH meter.

5 mM NAD" solution:

Dissolve 0.16 g of NAD* in 50 ml distilled water.

5 mM NADH solution:

Dissolve 0.16 g of NADH in 50 ml distilled water.

22.7 mM Sodium pyruvate
solution:

Dissolve 0.12g of sodium pyruvate in 50 ml distilled water.

22.7 mM Sodium lactate
solution:

Dissolve 0.1022 g of sodium lactate in50 ml distilled water.

18 mM Sodium
Carbonate(Na,CO3) solution:

Dissolve 0.0953 g of NaCO3 in 50 ml distilled water.

0.5 M Sodium Chloride
(NaCl)solution:

Dissolve 1.461 g of NaCl in 50 ml of distilled water

Sodium Bicarbonate stock
solution (18 mM NaCO3,0.5 M
NaCl):

Mix 50 ml of NaCOs solution and 50 ml of NaCl solution together.

2 M urea solution:

Dissolve 0.0113g of urea in and make up to 50 of distilled water.

0.2 mM oxalic acid solution :

Dissolve 0.0018 g of oxalic acid and make up to 500 of distilled water .

1.5M Tris-HCI (PH 8.8), 100ml

18.15g of Tris base + 50ml distilled water + add Conc. HCI slowly to
PH 8.8 (~3.2ml HCI)




Allow solution to cool at room temp. PH will increase, add distilled
water to make the total volume of 100ml.

0.5M Tris-HCI (PH 6.8), 100ml:

6.05g of Tris base + 5050ml distilled water + add Conc. HCI slowly to
PH 6.8 (~7.4ml HCI)

Allow solution to cool at room temp. PH will increase, add distilled
water to make the total volume of 100ml.

10% SDS:

Weight 10g SDS + add distilled water to make the total volume of 100ml

50% glycerol, 100ml:

Pour 50ml 100% glycerol, then make the total volume 100 by adding
50ml distilled water

Electrophoresis buffer, Running
buffer pH 8.3:

Weight 30g of Tris - base+ 144 g glycine +10 g SDS
Then add distilled water to make the total volume 1 liter

Acrylamide stake  solution,

100ml:

Weight 30g acrylamide + 0.8g bisacrylamide
Then add distilled water to make the total volume 100ml

5X buffer, Sample buffer:

Weight 0.6ml 1M tris-HCI (PH 6.8) + 5ml 50% glycerol + 2ml 10% SDS
+ 0.5ml 2-mercaptoethanol + 1ml 1% bromophenol blue + 0.9ml
distilled water, put it on steir then put it in folded tube with foil, then put
it in the refrigerator for 5 days

10% Ammonium persulfate,
5ml: prepare fresh

Weight 0.5g ammonium persulfate + 5ml distilled water

Commasie  blue,  Staining | Weight about 1g commasie blue + 450ml methanol + 450ml distilled
solution for gel: water + 100ml acetic acid
Commasie blue, Destaining | 100ml methanol + 100ml acetic acid + 800ml distilled water

solution for gel:




Extraction and Purification of Lactate Dehydrogenase Tissues

Aim of the experiment:

1.
2.
3.

Learn basic techniques for protein purification.
Prepare crude extract.
Attempt purification of LDH.

Procedure:

Step one: Preparation of crude extract

Note: keep the tissues and fractions ice cold whenever possible

ok wdpE

Make sure the tissue is free of adhering fat and membranes, and wash it in normal saline
Weight the tissue before starting homogenization.

Use a razor blade or scissors to dice the tissue into small pieces.

Homogenize the tissue with cold Tris buffer (0.1 M, pH 7.4), (20% weight/volume).
Record the volume (ml) of homogenate.

Pour the homogenate into centrifuge tubes then centrifuge the homogenate at 3000 X g
for 15 minutes at 4 C°.

Filter the supernatant through cheesecloth to get the crude extract.

Record the volume (ml) of the crude extract.

Step two: Salt Fractionation (I):

w

Add solid ammonium sulphate (NH4)2SO4to the crude extract to get a 40% saturation of
the solution. The required amount of ammonium sulphate can be calculated from the
table shown below. Crude extract (40% (NH4)2S04 fractionation at 40 C°; 22.6
grams/100 ml of the solution)

Add the salt slowly with constant stirring at 4 C° for 30 minutes.

Centrifuge at 14 500 g for 15 minutes.

Record the volume (ml) of the supernatant label it as fraction 1 (F1). Discard the
precipitant.



Step 3: Salt Fractionation (11)

=
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To the F1 add ammonium sulphate at 4 C° to get 60% saturation. (NH4)2S04 (12.0
g/100 ml).
Add the salt slowly with constant stirring at 4 C° for 30 minutes.
Centrifuge at 14 500 g for 15 minutes at 4 C°.
Suspend the precipitant in 20 ml of iced cold Tris-buffer

Record the final volume (ml), and label it as fraction 1 (F2).

Keep the supernatant, and record the volume (ml) and label it as Fraction 3 (F3).

Step Four: Desalting

NG

Suspend F2 in 20 ml of cold Tris buffer

Centrifuge at 3000 X g for 10 minutes at C°.

Record the volume of the supernatant, label it as fraction 4 (F4) and discard the pellets.
Desalt the F4 using Sephadex G-25 column eluting it with 30 — 35 ml 0f 0.1 M Tris,
pH7.4

Label the resulting fraction as Fraction 5 (F5).

Note: The sample volume should not be greater than one-fifth that of the volume of gel in
the column so that the change can be accomplished in one pass.

Dissolve an ammonium sulfate precipitate with a minimal amount of buffer, then dilute
with an equal volume of buffer prior to desalting on a column. Protein concentrations
should not be greater than30mg/ml.

Step Five: Anion Exchange Chromatography

1. Apply F5 on DEAE —Sepharose CL-6B at 40 C° equilibrated with 0.1 M Tris, pH 7.4

N

N Gk W

Elute with a linear salt gradient (Starting with 250 ml 0.1 M Tris, pH 7.4, final buffer 250
ml 0.1 M Tris, pH 7.4 containing 0.4 M NaCl)

Collect the fractions (5 ml).

Read the absorbance of each fractions

Plot the absorbance at 280 nm against the fraction number.

Assay for LDH activity and protein concentration

Pool the fractions with highest LDH activity

Plot the absorbance at 280 nm against the fraction number as shown for a hypothetical
protein.



Purification Table

Purification procedure Volume Protein Total Specific Total Fold % vyield
(ml) concentration | protein activity activity purity
(mg ml?) (mg) (units mg
proteint)
Crude Extract 1 100

Ammonium sulfate
precipitation 40% (sat)

Ammonium sulfate
precipitation 60% (sat)

Dialysis

DEAE ION exchange

Table: A protein purification balance sheet provides the data necessary to measure the efficacy of the chromatographic
(electrophoretic) technique used. It contains information on the volume, the protein concentration and the biological activity (an
assay can be used to determine the presence of the target protein) relative to the amount of protein present (specific activity). It
provides data on the yield (percentage recovery i.e. how much remains after a chromatographic technique when this is compared
with the amount present in the starting material) and the degree (fold) of purification (a measure of the increase in specific activity
after the chromatographic procedure).

Specific activity (SA) (units mg~' protein) =

target protein (total units* of activity in a fraction)

total protein in a fraction protein (mg)

Total protein (TP) = protein mg ml~' x volume (ml)

Total activity (TA) = units* mg™' protein (SA) x total protein (TP)

P ity) = SA Step 2
Degree of purification (fold purity) = SA Step 1

Yield (% recovery) = %i g:zp ? x 100




Enzyme Kinetics

Assay of Lactate Dehydrogenase Activity:

The assay mixture contains 2.7 ml of 0.1 M of Tris, PH7.4, 0.1 ml of 22.7 mM sodium pyruvate
and 0.1 ml of 5 mM NADH (Prepared fresh). Start the reaction by adding of 0.1 ml of diluted
enzyme then monitor the decrease in absorbance at 340 nm as a function of time. Calculate the
total number of units as shown below. Plot the enzyme activity against the fraction number as

shown for a hypothetical protein.

Note: the reference and the control all components except the NADH and pyruvate

respectively.

Total number of units=
(AA sample/min - AA control /min) X 1 unit X DF X V /2.0733A/min X 0.1

e AA/minute is the change in absorbance expected for the disappearance of one
micromole of NADH in 3.0 ml.?

e DF is dilution factor of the enzyme

e Volume is the total volume in ml of enzyme for a given purification step

e 0.1 mlis the volume of enzyme assayed.



The effect of substrate concentration:

Two kinds of substrates are used; one for liver and kidney enzymes and another for muscle
enzyme. These substrates are pyruvate for kidney and liver, Lactate for muscle. The concentration
of Lactate is varying from 5 to 13 mM, while for pyruvate is ranging from 0.05 to 0.5 mM. Reaction
carried out in quartz cuvette of 3 cm light path containing 1.8 ml of 0.1 M Tris, pH 7.4, 0.1t0 1
ml of 1.5 mM sodium pyruvate and 0.1 ml of 5.0 mM NADH (prepared fresh) and 0.1 ml of

enzyme extract and the difference in the volume were compensated by adding distilled water.

The reaction starts by addition enzyme extract and mixing by inverting the cuvette. The final
volume of the reaction mixture is 3 ml. The blank contained all components except NADH. For
muscle LDH, reaction carried out in quartz cuvette of 3 cm light path containing 0.2 ml of sodium
bicarbonate, 0.4 ml of NAD", different volumes from lactate stock solution (0.1 M) and the
difference in the volume were compensated by adding 0.1 M Tris, pH 7.4, The reaction starts by
addition 0.1 ml enzyme extract and mixing by inverting the cuvette. The final volume of the
reaction mixture was 3 ml. The blank contained all components except NAD".
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Liver and Kidney

[S] mM Substrate — pyruvate | diS. wate ml 0.1 M Tris,pH 7.4 5 mM NADH Activity
volume ml
0.05 0.1 0.9 1.8 ml 0.1ml
0.1 0.2 0.8 1.8 ml 0.1ml
0.15 0.3 0.7 1.8 ml 0.1ml
0.2 0.4 0.6 1.8 ml 0.1ml
0.25 0.5 0.5 1.8 ml 0.1ml
0.3 0.6 0.4 1.8 ml 0.1 ml
0.35 0.7 0.3 1.8 ml 0.1ml
0.4 0.8 0.2 1.8 ml 0.1ml
0.45 0.9 0.1 1.8 ml 0.1ml
0.5 1 - 1.8 ml 0.1ml
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The effect of inhibitors:

Urea has been used as a competitive inhibitor that competes with lactate on the active site of LDH

and its concentration was 2 M. For LDH in kidney and liver, oxalate was used also as a competitive

inhibitor that compete with pyruvate on the active site of LDH in both tissues, oxalate

concentration was 0.2 mM . Same enzyme assay except adding of inhibitors were employed here.

Liver and Kidney

[S] mM Substrate-pyruvate | diS. wate ml 0.1MTris,pH7.4| 5mM NADH | 0.2 mM Oxalate
0.05 0.1 0.9 1.8 ml 0.1 ml 0.1ml
0.1 0.2 0.8 1.8 mi 0.1ml 0.1ml
0.15 0.3 0.7 1.8 ml 0.1ml 0.1ml
0.2 0.4 0.6 1.8 mi 0.1ml 0.1ml
0.25 0.5 0.5 1.8 ml 0.1ml 0.1ml
0.3 0.6 0.4 1.8 ml 0.1 ml 0.1ml
0.35 0.7 0.3 1.8 ml 0.1ml 0.1ml
0.4 0.8 0.2 1.8 mi 0.1ml 0.1ml
0.45 0.9 0.1 1.8 mi 0.1ml 0.1ml
0.5 1 - 1.8 ml 0.1ml 0.1ml

12




The effect of pH on enzyme activity:

Enzymes are active only within a limited range of PH. But the limits may be wide, e.g. pH 5 to 10,
or narrow over 1 pH unit. Within the range there will be an optimum at which the maximum
activity is attained. This could be a short range in itself. Six different PH buffers ranged from 4 to
9 have been used (PH 4,5 were Acetate buffers, PH 6,7 were potassium phosphate buffers and Tris

buffer for PH 8,9 for preparation see appendix).
The effect of Temperature on enzyme activity:

Temperature affects enzyme activity in much the same way as it affects other chemical reactions.
Thus it is important when carrying out an enzyme assay to ensure that the temperature remains
constant, and also that you know exactly what it is. Enzyme activity has been studied at different
temperature 20, 30, 40, 50, 60 and 70 °C.

13



Determination of Protein Concentration

Protein concentrations are determined according to Lowry et al with bovine serum albumin as

standard.
1. Add 1.5 ml from each sample to 3 ml of doubled distilled water.

2. Add 1.5 ml from reagent C and 0.5 ml from (sample and DDW) has incubated for 10 minutes at

room temperature.

3. Add 150 pl from diluted folin phenol reagent and incubate for 45 minutes at room temperature

4. Measure the absorbance by spectrophotometer at 660 nm.

Procedure
Sample + DDW ——+—— 0.5 ml + 1.5 ml of Reagent C

l

Incubate for 10 minutes at room temperature
Add 150 pl of Folin Phenol reagent (diluted 1:1)

Incubate for 45 minutes at room temperature

l

Absorbance at 660 nm

Reagent A:

Reagent A 500 ml

Na2CO3 10 g

NaOH 2

Sodium tartarate 0.89

SDS 509

Reagent B:
CuS04.5H20 - 2 9/50 ml

Reagent C:
1ml of Reagent B+ 100 ml of Reagent A (Prepare fresh before use).

14



Standard for protein determination using BSAin 0.1 M Tris, pH7.4

Stock: 1 mg/ml BSA in 0.1 M Tris, pH7.4 (1000 ug/ml)
Working standard: 0.2 ml of stock A + 1.8 ml of 0.1 M Tris, pH7.4 (100 pg/ml)

Volume of Concentration | Volume | Reagent | Folin | 660 nm
standard/stock | ug of DDW ( | C (ml) | Phenol
(ul) ul) reagent
(1)

Working
standard
100 10 400
200 20 300
400 40 100 1.5 150

A A
Stock
50 50 450
100 100 400
200 200 300
Blank - 400

15



SDS-Poly acrylamide gel electrophoresis (SDS-PAGE)

In this system, two sequential gels are actually used; the top gel, called the stacking gel, is slightly

acidic (pH 6.8) and has a low acrylamide concentration to make a porous gel. Under these

conditions proteins separate poorly but form thin, sharply, defined bands.

The lower gel, called the separating (resolving gel) is more basic (pH 8.8), and has a higher

polyacrylamide concentration which causes the gel to have narrower channels or pores.As a

protein, concentrated into sharp bands by stacking gel, travels through the separating gel, the

narrower pores have a sieving effect, allowing smaller proteins to travel more easily, and rapidly

than larger proteins.

Gel preparation
e Separation gel contents

components Amount
1.5 M Tris-HCL PH 8.8 2ml
H20 2.8 ml
10% SDS 80pl
10% Ammonium persulphate (fresh) 100 pl
TEMED 20 pl
Acrylamide stock 3.2ml

e Stacking gel contents
components Amount
1.5 M Tris-HCL PH 6.8 1mi
H20 3ml
10% SDS 80 ul
10% Ammonium persulphate (fresh) 100 pl
TEMED 20 pl
Acrylamide stock 1ml

e SDS-PAGE Running buffer pH 8.4 (5 X)
components Amount
Tris 15¢g
Glycine 729
SDS 5¢

Made up to 1L with distilled water

16



e SDS- PAGE Disruption buffer

components Amount
20% (w/v) SDS 1ml
1M Tris HCL pH 0.5ml
Glycerol 1ml
B- mercaptoethanol 0.5 ml
Bromophenol blue 0.01g
Made up to 10 ml with distilled water

Sample Preparation
For best results, all samples should be in identical, low ionic strength buffers.
1) Mix 40 pl of each sample with 10 pl of disruption buffer.
2) Heat in a boiling water bath in for 2 min. in most cases, brief boiling 3 min improves

denaturation, but it may also cause the protein to precipitate.

Electrophoresis

1) Remove the comb and clamp the gel to the electrophoretic apparatus.

2) Fill thr top electrolyte compartment with running buffer.

3) Check for leaks from thr top into bottom compartment, if there are no leaks, fill the
bottom compartment.

4) With a plastic Pasteur pipette, thoroughly rinse each well in the stacking gel with
running buffer.

5) Apply the sample by using a micropipette to carefully add up to 25 pl of protein to
bottom of a well.

6) Replace the cover of the electrophoretic cell, with the (+) symbol on the cover
connected to the (+) on the cell, so that the anode (+) is the bottom electrode.

7) Apply 15 mA/gel until the proteins are well into the stacking gel, then 35mA/gel until
the tracking dye reaches the bottom of the gel (about 45 min).

8) Always turn down the power and unplug the wires from the power supply before

removing the cover.

17
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» Reversible inhibitors
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COMPETITIVE INHIBITORS " 3 T O

As the name implies, the inhibitor compete with the

substrate for active site of the enzyme.

» The substrate and inhibitors have resemble structures
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» Have the same Vmax (with | OR without I}

= Km high and affinity low (with [)

» This type of inhibition can be overcome by sufficiently

high concentrations of substrate by out-competing the

inhibitor
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NONCOMPETITIVE INHIBITORS
G Ch

= The inhibitors bind with site on the enzyme

other than active site

= They can bind with E or ES complex.

= Have the same Km (with | OR without I)

= low Vmax (with |)
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UNCOMPETITIVE INHIBITORS

® The inhibitor binds only to the substrate-

enzyme complex

= BothVmax and Km are low (with I)
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