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INTRODUCTION 
 
GENERAL LABORATORY PROCEDURES 
 

The aim of the following set of experiments is to acquaint you with some of the 

facilities available for biochemical research. You will be working with isolated tissue 

components or with intact cells to carry out quantitative analysis or to study cellular 

functions. The equipment which is provided is research grade. You must, therefore, work 

with extreme care. Most of the time, the success of an experiment will depend entirely on 

how careful you work. The followings are some suggestions for good performance in the 

laboratory: 

 

Obey the safety rules: Most of the chemicals used in the laboratory are potentially toxic, 

irritating, or flammable. Such chemicals are hazard, however, only when they are 

mishandled or improperly disposed of. It’s best to think of all chemicals as potentially 

toxic, so you must try not to get in direct contact. Always read the instructions on the 

bottles of reagents or ask to your instructors for information. Always wear a lab coat to 

protect yourself and clothes; wear gloves and use eye-protection glasses if recommended. 

Never eat, drink or smoke in the laboratory. 

 

Make sure that everything you use is clean; Biochemical systems are extremely sensitive 

to contamination. All glassware must be soaked in soap-water immediately after use. At 

the end of the laboratory period, these must be scrubbed with a brush and then rinsed 

with tap water. The washing process is finished by rinsing all surfaces with distilled 

water. The dry product should be spotless. There is a separate washing apparatus for 

pipettes, in which they are taken through a cycle of soap-water/tap water/cleaning 

solution/tap water/distilled water. You will be provided by clean pipettes and are asked to 

return used ones to the soap-water container shortly after use, before they dry out. Never 

get table tops and fingers get involved in a reaction. If you need to lay aside a used 

pipette which you will use again, balance it somewhere, so that the lower half is not 

touching anything. It seems to give students a feeling of security to stroke the tips of 

pipettes before they use them. Avoid doing this. 
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If you need to mix the contents of a tube, by shaking or by inversion, cap the 

tube with a piece of parafilm, which is inert to most chemicals with the exception to 

organic solvents. Again, avoid direct contact with your hands.  

 

Be accurate; if it’s going to affect your results. For example, suppose that you wish to 

determine the extinction coefficient of a compound C, in 0.1 M phosphate buffer, pH 7.0. 

It is important that you know the concentration of the compound exactly, that the pH be 

7.0, but you can afford a 5% uncertainty in the concentration of the buffer. If exact 

concentrations are required, solutions should be made up in a volumetric flask. Where 

approximate concentration are required e.g. to make 1% NaCl, graduated cylinders may 

be used. 

 

Weighing out; Gram quantities may be weighed out on the Mettler top-loading balance, 

using a beaker. For weighing out 10 mg- 1 mg sample, use the Mettler analytical balance. 

If the substance is inert, make a container by cutting out a small rectangle out of a piece 

of glossy white paper and pinching the corners. Weigh out the sample. Make a crease at 

the middle of one side and convert the paper into a funnel. Transfer the material into the 

appropriate container by tapping the paper gently at the top. Samples that are smaller than 

10 mg should be weighed directly into the flask. Learn how to control a spatula to add 2 

mg increments at a time. For this, the spatula must not be over-loaded. The material must 

form a flat layer rather than a heap. Give the spatula a slight slant towards you and tap as 

shown below. 

 
 
 
 
 
 
 
 
Never use tap water in solution preparation: Never use tap water for the preparation of 

any reagent solutions as it includes a variety of impurities like particulate matter (sand, 

silt, etc.), dissolved organics, inorganics and microorganisms. For laboratory procedures 

distilled or purified water is used.  
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Pipetting; the quality of your data will depend largely on how well and reproducibly you 

can pipette. Fill pipettes by putting the tip well below the liquid level and sucking above 

the zero mark. Put your forefinger on the opening. The problem now is to transfer an 

exact amount. If you let the liquid flow out by moving your finger directly, it will be hard 

to control the flow, and you will overshoot. Instead, release pressure by keeping your 

forefinger steady and rotating the pipette back and forth with your remaining four fingers. 

Bring the level of the liquid to the zero mark. Wipe the tip of the pipette with a piece of 

tissue paper. Avoid touching the tip, since the paper will absorb some fluid from inside, 

and you will get an air bubble at the tip. Wipe with a swift downward motion. Transfer 

into the appropriate tube or flask. If the total capacity is to be delivered, just let the fluid 

flow free. To deliver small amounts, use the rotation procedure. There are two types of 

graduated pipettes –Mohr (fixed) and serological (blow-out) types. In Mohr type, the 

markings end a few centimeters from the tip, so the solution should not be allowed to 

move below the last graduated mark on the pipette. The difference of serological pipettes 

is that they are graduated downward to the very tip and designed for blow-out. 

Whichever type of pipette you use, you may be careful about the selection of the proper 

size of pipette; you must use the smallest pipette that is practical (for instance, do not use 

a 5 mL or 10 mL pipette to transfer 0.2 mL, rather prefer a 0.5 mL pipette). 

 

Mechanical pipette fillers (safety pipette fillers, propipettes) which are equipped with a 

system of hand-operated valves can also be used especially for toxic reagents. To suck 

the liquid into the pipette, first squeeze the bulb while pressing on valve A to produce a 

vacuum for aspiration, then fit the mechanical filler to the pipette of desired volume. 

Insert the pipette into the liquid –but do not touch the tip of the pipette to the bottom of 

the bottle- and press on valve S. Suction draws the liquid to the desired level. Place the 

pipette into the flask where you want to deliver the liquid, and then press on valve E to 

expel liquid. To deliver the last drop, cover E inlet with middle finger, and squeeze the 

small bulb. Never allow any solution to enter the pipette bulb.  To avoid this, always 

maintain careful control while using valve S to fill the pipette and never use the valve S 

unless the pipette tip is dipped into a liquid. Otherwise, air will be sucked in and solution 

will be flushed into the bulb. 
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Latex bulbs can be used to perform semiquantitative transfers using Pasteur 

pipettes. 

 

Automatic pipetting systems: For the delivery of especially small volumes (0.5µL to 5 

mL) of solutions, automatic pipettors and fitted polypropylene tips can be used. Set the 

digital micrometer to the desired volume using the adjustment knob. Attach a disposable 

tip to the shaft of the pipette. Depress the plunger to the first positive stop, immerse the 

disposable tip into the liquid and allow the push button to return slowly to the up 

position. To dispense the sample, first depress the plunger lowly to the first stop, then 

depress it to the second stop to achieve the final blow-out. Withdraw the pipette tip from 

the liquid and allow the plunger to return to the up position. Discard the tip by depressing 

the tip ejector.  

Whichever type of pipette filler you use (mechanical fillers, bulbs or automatic 

pipettes) never inverse the pipette which may cause the liquid in the pipette (or 

disposable tip) to enter into the bulb or automatic pipette. 

 

Keep good record of what you do, so that when you want to repeat the experiment at a 

future date, you have all the information you need. Laboratory reports are to include: 

a) A background on the system used in the experiment. If you have worked with a 

particular reaction, give its chemistry and uses; if you have worked with a special 

technique, describe its theoretical basis, etc. to do this, you will need to read the 

references given at the end of each experiment. 

b) A section showing the results: Numerical data, any modification of procedure, 

any special observations (such as the formation of an unexpected precipitate), 

charts, graphs, chromotograms etc.  

c)  An evaluation of the results, including calculations, comparisons with literature 

and conclusions. 

 
READ OUT THE EXPERIMENT BEFORE YOU COME TO THE LAB. 
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APPENDIX 1 
 
A REVIEW OF DIFFERENT CONCENTRATION CONCEPTS 
 

Concentration refers to the relative amount of a substance in a given volume of 

solution; but in some cases alternative expressions are used. Different ways of expressing 

concentration are listed below, which are mostly used in biochemical calculations. 

 

1. Percent solution: The concentration of a solution frequently can be denoted in terms 

of percentage, that is in parts per hundred. Some of these percent solutions are “true” 

percent solutions, referring to so many parts out of 100 identical parts; others are 

“hybrid” percent solutions, referring to so many parts out of 100 differing parts. The most 

common three methods for percentage determination are defined as follows: 

 

 
weight percent (%w/w) =                      x 100 w of solution   

 of solute 
eight 

weight

 
 
volume percent  (%v/v)  =                                 x 100 volume of solution  

volume of solute 
  

 
    weight-volume percent (% w/v) =                      x 100 weight of solute (g) 

 volume of solution (mL)  
 

A % (w/w) solution is a “true” percent solution in which a specific number of 

grams of solute contained in 100 g of solution. Thus a 5% (w/w) NaCl solution is the one 

containing 5.0 g of NaCl in 100 g of solution. 

A % (v/v) solution is likewise a “true” percent solution in which a specified 

number of mL liquid are contained in 100 mL of solution. Thus a 5% (v/v) solution of 

ethanol in water is the one containing 5.0 mL of ethanol in 100 mL of solution. 

On the other hand a 5% (w/v) NaCl solution is the one containing 5.0 g of NaCl 

in 100 mL of solution, which may be indicated as a 5% NaCl solution. Strictly speaking, 

this is a “hybrid”, not a “true” percent solution since one refers to 5.0 gm of NaCl in 100 

mL of solution. 

Weight/Volume percent is often used for routine laboratory solutions where 

exact concentration is not too important.  
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2. Concentration expression for very dilute solutions: When we deal with very dilute 

solutions, as is often the case in biological sciences and medicine, we need other 

expressions for concentration. After all, it’s not very convenient to say that drinking 

water should contain no more than 0.000195 percent by weight of sodium fluoride (the 

additive used to prevent tooth decay). 

Milligram percent (mg%) is the number of milligrams present in 100 mL of 

solution.  

 
mg% =  100 mL of solution  

mg of solute  

 
Parts per million (ppm) is frequently encountered in pollution-control work and 

refers to the number of parts of solute per million parts of solution. 

There are two ways of calculating and interpreting the ppm expression, 

depending on whether the solvent is a liquid or gas. In liquids, ppm means the number of 

milligrams of solute per liter of solution. For example 1.0 L of solution that contains 5 

ppm of CdCl2 contains 5 mg of CdCl2. 

 
ppm (liquids) =        =           = 103 g  

mg of solute  
103 mL  

mg of solute  
1 L of solution  
mg of solute  

(if solvent is H2O) 
 
In air-pollution control, the term ppm is based on volume measurements rather 

than weight measurements, and may be expressed as microliters (µL) of solute (1.0 µL = 

0.001 mL or 1.0 x 10-6) per liter of air. For example, 5 ppm of SO2 in the air means 5 µL 

of SO2 per liter of air. 

 
ppm (gases) =     L of air 

µL of solute  

 
 
Example 1: Consider that 0.8 g of solid NaOH used for the preparation of 500 mL 

solution. Express the concentration of this solution in terms of g/L, %w/v, mg %. 

(MWNaOH= 40) 

 

The solution contains 0.8 g/ 500 mL, or 1.6 g/L. 

%(w/v)……… …1.6 g/L = 0.16 g/100 mL = 0.16 % 

mg %………….. 0.16 g/100 mL = 160 mg/100 mL = 160 mg% 
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Example 2: How many grams of NaCl are necessary to prepare 500 mL of a 10% (w/v) 

solution? 

 

%(w/v) = g of solute/100 mL of solution 

10% (w/v) = 10 g NaCl/100 mL. 

0.1 g NaCl/mL; so for 500 mL of a solution: 0.1 x 500 = 50 g NaCl. 

 

3. Molarity: The molarity, M, of a solution defines the number of gram molecular weight 

(or moles) of a species in 1 L of solution or the number of millimolecular weights in 1 

mL of solution. A 0.2 M solution of BaCl2 contains 0.2 mole of the salt barium chloride 

in a liter of solution. Molarity is a very convenient unit for laboratory work since aqueous 

solutions of known molarity can be prepared by weighing out small amounts of solute 

and measuring the volume of solution in calibrated containers. 

Molar concentrations are usually given in square brackets, for example, [H+] = 

molarity of H+ ion. To calculate M, we need to know the weight of dissolved solute and 

its molecular weight (MW) such as, 

 
 
          = number of moles; ight 
  s  

 molecular we
mass in gram

 
                  = number of millimoles; 
   m c eight 
 ma  i igrams  

ole ular w
ss n mill

 
      = number of micromoles. 
    molecular weight 
 mass in micrograms  

 
The following are the fundamental relationships: 

 
volume (L) x molarity (M) = number of moles  
 
volume (mL) x molarity (M) = number of millimoles  
 
volume (µL) x molarity (M) = number of micromoles  
 
Dilute solutions are often expressed in terms of millimolarity, micromolarity 

and so on, where; 
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1 mmole= 10-3 moles  1 nmole = 1 mµmole = 10-9 moles 
1 µmole = 10-6 moles 1 pmole = 1 µµmole = 10-12 moles 
 
Therefore;  
 
1 mM = 10-3 M = 1 mmole/liter = 1 µmole/mL 
1 µM  = 10-6 M = 1 µmole/liter  = 1 nmole/mL 
1 nM  = 10-9 M = 1 nmole/liter  = 1 pmole/mL  
 
 

Example 3: How many grams of solid NaOH are required to prepare 500 mL of 0.04 M 

solution? Express the concentration of this solution in terms of %(w/v). (MWNaOH= 40). 

 

M=    
 

                volume (L) 
 number of moles of NaOH required   

 
Therefore;  

liters x M = number of moles of NaOH required 

0.5 x 0.04 = 0.02 mole. 

 
Number of moles =                = 0.02 =   40 

Wtg  
         MW 
  mass in grams   

 
Wtg (mass in grams) = 0.8 g 
 
Therefore, weigh out 0.8 g NaOH, dissolve in water and dilute to 500 mL. The solution 

contains 0.8 g /500 mL or 1.6 g /L NaOH. 

%(w/v) = g per 100 mL. 1.6 g/L = 0.16 g/100 mL = 0.16%. 
 
 
Example 4: How many moles of NaCl are present in 150 mL of a 1.5 M solution? 
 
number of moles = M x V 
 
where  V =   = 0.15 L and M = 1.5 moles/L 

   150 ml  
1000 mL/L  

number of moles  = 1.5 moles/L x 0.150 L 
 = 0.225 mole NaCl; MWNaCl= 58.5 
 
which is also equal to 0.225 x 58.5 = 13.1125 g NaCl. 
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4. Normality: Normality refers to the concentration of a solution expressed in terms of 

the number of equivalent-weights (gram-equivalent weights, equivalents e.g.) of solute in 

1 L of solution. This is same as the number of milliequivalent weights (milligram-

equivalent weights, milli equivalents “meq”) in one mL of solution. Normality is 

indicated by the symbol N and is used, in calculations involving acid-base 

(neutralization) and oxidation-reduction (redox) reactions. 

One equivalent weight (EW) of an acid or base is the weight that contain 1g-atom 

(1 mole) of replaceable hydrogen, or 1 g-ion (1 mole of replaceable hydroxyl. The EW of 

a compound involved in an oxidation-reduction is the weight that provides or accepts 1 

Faraday (1 mole) of electrons. In general; 

 
EW =      where n : the number of replaceable H+ or OH- per molecule (for                    

acids and bases) 

 M  W
  n 

                            or n : the number of electrons lost or gained per molecule (for 

oxidizing and reducing agent) 

 
As an example the equivalent weight of HCl is identical to its molecular (formula) 

weight and a 1.0 M HCl solution is also a 1.0 N solution, but the equivalent weight of 

H2SO4 is equal to one half of its molecular (formula) weight. Hence, a 1.0 M H2SO4 

solution is a 2.0 N H2SO4 solution. Likewise, 1.0 M NaOH is also 1.0 N NaOH but 1.0 M 

Ba(OH)2 is 2.0 N Ba(OH)2. As a result, it can be stated that the molarity and normality 

are related by N = nM 

 
Example 5: What is the normality of 1.0 L of an aqueous solution of 98.0 g of H2SO4 

(MW of H2SO4 = 98 g/mole)? 

 

EW of H2SO4 =      = 49.0 g/mole 
  98.0 
    2

 
 
Number of equivalent of H2SO4 =                  = 2  

      98.0 g 
 49.0 g/mole  

 
N =              = 2  2 equiv. 

 1.0 L  
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5. Ionic Strength: Ionic strength measures the concentration of charges in solution and 

formulated as: 

 
Ionic Strenght (      ) =     Σ Mi Zi

2  
 µ  1 
2 2  

where; Mi = the molarity of the ion 

 Zi = the net charge on the ion (regardless of sign)  

 
Only the net charge on an ion is used in calculating ionic strength. Thus unionized 

compounds (e.g. unionized acetic acid) or species carrying an equal number of positive 

and negative charges (e.g. a neutral amino acid) do not contribute toward the ionic 

strength of a solution. 

 
Example 6: Calculate the ionic strength of a 0.02 M solution of Fe2(SO4)3. 
  
       =       Σ Mi Zi

2 =       MFe3+ . Z2
Fe3+ + MSO4-2 . Z2

 SO4-2        1   1   µ 

     
 
0.02 M Fe2(SO4)3 yields 0.04 M Fe3+ and 0.06 M SO4

-2 

 
 
       =                =          =          =   
 
 
       = 0.3  
 
 

Changing concentrations: It is often necessary to change the concentrations of one 

solution to that of a more dilute solution. This can be done by utilizing the fundamental 

relationship just discussed for molar and normal solutions. It is clear that, in the process 

of dilution, the total amount of solute remains unchanged, only its concentration is 

decreased. Hence, it follows that; 

 
V1 x C1 = V2 x C2
  
where: V1 = volume of initial solution 
 C1 = concentration of initial solution 
 V2 = volume of desired (final, diluted) solution 
 C2 = concentration of desired (final, diluted) solution   
 

2 2 2 

 (0.04)(+3)2 + (0.06)(-2)2   0.36 + 0.24   µ 
2  2  

 (0.04)(9) + (0.06)(4)   0.6  
2  2  2 

 µ 
2 
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This equation can be used regardless of the units in which concentration is 

expressed. If the entire volume of the solution has to be diluted, the actual initial volume 

is used for V1. If only an aliquot (a part or fraction of the whole) of the solution has to be 

diluted (and it is not clear how much will be needed), 1.0 mL is used for V1 for purposes 

of calculations; then one decides how many multiples of 1.0 mL are to be used. 

 
 

Example 7: Dilute a 1 mL of 12.0 M solution to a 3.0 M solution. 

1 x 12.0 = V2 x 3.0 

V2 = 4 mL.  

For every 1.0 mL of initial solution; add 3 mL of diluent, or V2 = 4 times of V1. 

 
 
Example 8: Prepare 50.0 mL of a 2.0 N solution from  a 5.0 N stock solution. 

V1 x 5.0 = 5.0 x 2.0 

V1 = 20.0 mL 

To 20.0 mL of stock solution add 30.0 mL of diluent. 

 
 
Example 9: Dilute 7.0 mL of a 5.0% (w/v) solution to a 3.0% (w/v) solution. 

7.0 x 5.0 = V2 x 3.0 

V2 = 11.7 mL 

To 7.00 mL of initial solution add 4.7 mL of diluent. 

 

Example 10: Describe he preparation of 2 L of a 0.4 M HCl starting with concentrated 

HCl solution: 28% (w/v) HCl, ρ (s.g.) = 1.15 g/mL. 

Liters x M = number of moles. 

1 x 0.4 = 0.8 mole HCl is needed 

Wtg  = number of moles x MW 

         = 0.80 x 36.5  

 = 29.2 g pure HCl is needed 

The stock solution is not pure HCl but only 28% HCl by weight. 
 
therefore,           = 104.3 g stock solution is needed.  29.2  

0.28 
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Instead of weighing out 104.3 g stock solution, we can calculate the volume required. 
 
VmL =               =      = 90.7 mL stock solution is needed. 

   Wtg  104.3  
ρ (g/mL) 1.15  

Therefore measure out 90.7 mL stock solution and dilute to 2 L with water. 
 
 
 
QUESTIONS 
 
1. What is the % (w/v) of 1.0 L solution that contains 5.0 g of NaCl? 

2. Find the percent volume of ethanol in a solution prepared by diluting 30.0 mL of 

ethanol to 250 mL. 

3. Carry out the following calculations: 

a) What is the concentration in mg % of a solution that contains 5.0 mL of water? 

b) How many ppm of NaCl is present in the solution? 

4. a)  How many moles of NaCl (MW = 58.5) are required to prepare 100 mL of a 1.6 

M solution? 

b) How many grams of NaCl are required? 

5. How many moles of HCl are present in 50 mL of 3.0 M HCl solution? 

6. What are the normalities of (a) 0.213 M HCl, and (b) 0.010 M Ca(OH)2? 

7. How would you prepare 200 mL of a 1.0% (w/v) solution of glucose from a 6.0% 

(w/v) solution? How would you prepare 2.5 L of a 2% (w/v) glucose solution from 5% 

(w/v) aqueous glucose? 

8. A solution contains 15 g of CaCl2 in a total volume of 190 mL. Express the 

concentration of this solution in terms of (a) g per L, (b) % (w/v), (c) mg%, (d) M, (e) 

What is the ionic strength of the solution? (MW of CaCl2 = 110.986 g/mole) 

9. What is the molarity of pure ethanol; that is, how many moles are present in 1 L of 

pure ethanol? The density of ethanol is 0.789 g/mL. The MW of ethanol is 

46.07g/mole. 
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APPENDIX 2 
 
AMINO ACID STRUCTURES AND pKa VALUES 

 
Table of α-Amino Acids Found in Proteins 

 

Amino Acid Symbol Structure* pK1 
(COOH) 

pK2 
(NH2)

pK R 
Group

Amino Acids with Aliphatic R-Groups 

Glycine Gly - G 
 

2.4 9.8   

Alanine Ala - A 
 

2.4 9.9   

Valine Val - V 

 

2.2 9.7   

Leucine Leu - L 

 

2.3 9.7   

Isoleucine Ile - I 

 

2.3 9.8   

Non-Aromatic Amino Acids with Hydroxyl R-Groups 

Serine Ser - S 
 

2.2 9.2 ~13 

Threonine Thr - T 

 

2.1 9.1 ~13 

Amino Acids with Sulfur-Containing R-Groups 

Cysteine Cys - C 
 

1.9 10.8 8.3 
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Methionine Met-M 
 

2.1 9.3   

Acidic Amino Acids and their Amides 

Aspartic Acid Asp - D 
 

2.0 9.9 3.9 

Asparagine Asn - N 
 

2.1 8.8   

Glutamic 
Acid Glu - E 

 
2.1 9.5 4.1 

Glutamine Gln - Q 
 

2.2 9.1   

Basic Amino Acids 

Arginine Arg - R 1.8 9.0 12.5 

Lysine Lys - K 
 

2.2 9.2 10.8 

Histidine His - H 

 

1.8 9.2 6.0 

Amino Acids with Aromatic Rings 

Phenylalanine Phe - F 

 

2.2 9.2   

Tyrosine Tyr - Y 

 

2.2 9.1 10.1 
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Tryptophan Trp-W 

 

2.4 9.4   

Imino Acids 

Proline Pro - P 

 

2.0 10.6   

*Backbone of the amino acids is red, R-groups are black  
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EXPERIMENT 1 

 

PREPARATION OF BUFFER SOLUTIONS AND TITRATION OF AMINO 

ACIDS 

 

INTRODUCTION 

 
The proper functioning of biological systems largely depend on pH (-log 

[H+]). The pH optima of enzymes are important factors in estabishing what range of 

pH an intracellular or extracellular compartment have. Cells maintain a given 

hydrogen ion concentration eventhough acids or bases may be produced internally or 

the pH of the environment may change. They do this inpart by active mechanism but a 

complex of buffering agents also play important roles. 

In subsequent experiments of this laboratory course buffers will aid the 

efficient functioning of several biological reactions and will also serve as the media 

for various separation and analysis. 

 

1. Buffer Design: The first requirement of a buffer is that it allows only a 

small change in pH with additions of acid or base. A buffer solution consists of a 

mixture of a weak acid and its salt or a weak base and its salt. Consider acetic acid-

acetate buffe f we write the dissociation of a weak acid: 

 

HOA         H+ + OAc-  (1.1) ⇋ 
(acid

 

 

Ka =

 

 

[H+] 

 

Takin

 

log [H

 

r; i

c    
 

)  

  
[

= 

g

+

 
   Ka
             (base) 

    (1.2) 
H+] [OAc-] 
[HOAc] 

 [HOAc] 
Ka  [OAc-] 

 the logarithm of each side of this equation we have: 

] = log Ka – log   (1.3) 
 [HOAc] 

[OAc-] 
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pH = pKa – log    (1.4) 
 [HOAc] 

[OAc-] 
 

Upon inverting the last “log” term, it becomes positive  

 

pH = pKa – log   (1.5) 
 [OAc-] 
[HOAc] 

 

This form of the ionization constant is called the Henderson-Hasselbach 

equation. It is useful for calculating the pH of a weak acid solution containing its salt. 

 

Example 1: What is the approximate composition of a 0.15 M sodium acetate buffer, 

pH 5.06? the pKa of acetic acid is 4.76. 

 

Set the values in equation (1.5)  

 
 [OAc-] 

5.06 = 4.76 + log  
[HOAc] 

 

0.3 = log             and take the antilog of 0.3  [OAc-] 
[HOAc] 

 

 

                   = 2 
 [OAc-] 

     
[HOAc] 

 

Since total concentration is equal to 0.15 M. 

[HOAc] + [OAc-] = 0.15 M 

 

    = 2,      =    means;  2 parts [OAc-], 1 part [HOAc]. 
 [OAc-]  [OAc-]  2 

 
[HOAc] [HOAc] 1 

0.15/3 = 0.05 M; therefore 0.05 M HOAc and 0.1 M Oac-. 

 

So prepare the bufer making a solution 0.1 M in NaOAc and 0.05 M in acetic acid, or; 

by making a solution 0.15 M in acetic acid and 0.1 M in NaOH (total volume 1L). 
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2. Measurement of pH: Since all biochemical reactions depend strongly on 

pH, it is important to be able to measure the pH accurately. This is accomplished with 

a commercial pH meter (Figure 1.1) by simply immersing the electrodes into a 

solution and reading the pH value on a dial. However, it is important to know how the 

instrument measures pH, because several factors can cause the observed value to 

differ from the actual pH. 

 
At one time, pH measurements 

required two electrodes, a pH-dependent 

glass electrode sensitive to H+ ions and a 

pH independent colomel reference 

electrode. The potential difference that 

develops between the two electrodes 

immersed in the solution is measured as a 

voltage. 
Figure 1.1. A pH meter 

 

Most pH measurements today are obtained using a single combination 

electrode in which both the reference and the pH-dependent electrodes are contained 

in a single glass or plastic tube. The action of the electrode is based on the fact that 

certain types of borosilicate glass are permeable to H+ ions but not to other cations or 

anions. Therefore, if a thin layer of such glass is interposed between two solutions of 

different H+ ion concentrations, H+ ions will move across the glass from the solution 

of high to that of low H+ concentration. Because passage of a H+ ion through the glass 

adds a positive ion to the solution of low H+ concentration and leaves behind a 

negative ion, an electrical potential develops across the glass. The magnitude of this 

potential is given by the equation: 

 

E= 2.303        log       (1.6)  RT  [H+]1 

[H+]2 F 
 

In which E is the potential, R is the gas conctant, T is the absolute temperature, F is 

the Faraday constant, and [H+]1 and [H+]2 are the concentrations inside and outside of 

the glass respectively. Clearly if the [H+] concentration of one of the solutions is 

fixed, the potential will be proportional to the pH of the solutions. 

 20



3. Titration of amino acids: It is known that common amino acids are simply 

weak polyprotic acids and conforms to the general formula RCH(NH�)COOH. The 

amino group has a pKa in the region of 9.0-10.5 and the carboxyl group has a pKa 

between 1.7 and 2.4 (see Appendix 2, pp 15), and the calculations of pH and buffer 

preparation are done exactly as shown in the preceding sections. 

The precise state of ionization of amino acids in aqueous solutions varies with 

the prevailing pH in a manner expressed by the Henderson-Hasslbalch equation. If we 

write the ionization pattern of an amino acid: 

 

 
CH―N+H3
| 
COO- 

R 
| 

CH―NH2
|
COO-

R
|

CH―N+H3

R 
| 

| 
COOH 

pKa1 pKa2 
 

 
net positive 

charge 
(cation)

zero net 
charge 

(zwitterion)

net negative 
charge 
(anion)

 

 

 INCREASING pH 

 

Thus at low pH values an amino acid exists as a cation and at high pH values 

as an anion. At a particular intermediate the amino acid carries no net charge and is 

called zwitterion. The pH at which the zwitterion predominates in aqueous solution is 

referred as the isoelectric point ( pI ) since the molecule carries no net charge. The 

numerical value of this pH is related to the acid strength by the equation: 

 

 

pH = pI =         (1.7) 
 pKa1 + pKa2

2 
 

In the case of glycine, pKa1 and pKa2 are 2.3 and 9.6  respectively so that the 

isoelectric point is 6.0. At pH values below this, the cation and zwitterion will coexist 

in a ratio determined by the Henderson-Hasslbalch equation where as at higher pH 

values the zwitterion will be predominant.  

Upon titration the isoelectric form of the amino acid with an acid, it will 

behave as a base and upon titration with base, it will behave as an acid (a compound 

that can act as either an acid or a base is known as an amphoteric compound).  
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Thus for glycine, 

 
+H3N―CH2―COO- + HCl              +H3N―CH2―COOH + Cl-  (1.8) 

            (base)              (acid)                         (acid) 

 
+H3N―CH2―COO- + NaOH               H2N―CH2―COO- + Na+ + H2O (1.9) 

             (acid)               (base)                        (base) 

 

 

Hence the pH can be calculated for any point in the titration curve from the 

known amounts of initial amino acid and the amount of standard NaOH or HCl added, 

by means of the Henderson-Hasslbalch equation. 

In this experiment, the amino acid represents either the [A-] or the [HA] form 

in the Henderson-Hasslbalch equation, depending on the titration. As an example, if 

25 ml of a 0.1 M amino acid solution are titrated according to Equation (1-10), then 

there are initially 2.5 millimoles of the [A-] form present. The addition of 10 ml of 0.1 

M HCl ( 1.0 millimole) would lead to the formation of 1.0 millimole of the [HA] 

form, leaving 2.5- 1.0 = 1.5 millimole of  [A-]. At that point in the titration curve, the 

ratio of [A-] / [HA] is therefore, 1.5 /1.0. Knowing the pH or the pK of the group 

being titrated, the desired pK and pH can be calculated respectively from the 

Henderson-Hasslbalch equation. 

Data for a titration curve can be plotted in different ways as shown in figure 

1.2 for a triprotic acid. The pK is the pH at the midpoint of the buffer region (where 

the pH changes only slightly upon addition of either acid or base). The pK is the pH 

corresponding to the inflection point in the curve. The end point of a titration curve 

represent the observed end of the titration. The equivalence point is the theoretical end 

of the titration (when exactly one equivalent of acid or base has been added for every 

equivalent of functional group being titrated). 
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Figure 1.2. Titration curve for a triprotic amino acid 

 

 

 

4. Formol Titration: The titration of an amino acid in the presence of 

formaldehyde (HCHO) is known as the Formol titration. 

Formaldehyde reacts with amino groups to form methylol derivatives. 

 

 COOH 

H―N―C―H 
|

HOH2C
|
R

COOH
|

HOH2C―N―C―H 
|

HOH2C
| 
R 

COOH 
| 

 H―C―NH
| HCHO HCHO (1.10)2
| 
R  

 

The methylol derivatives are stronger acids (weaker bases) than are the 

original unsubstituted amino groups. In other words, the pKa2 value for the original 

amino acid. It is also noticible that formaldehyde has no effect on the amounts of 

KOH required to titrate the amino acid to pKa1, pKa2 (or  pK’a2) and the equivalence 

points. Also note that only the pKa2 value is shifted; formaldehyde has no effect on 

the α-COOH group. 

 

 

 

 23



MATERIALS 

 

Equipments 

 

● pH meter,  ● magnetic stirrer,  ● burette (70 mL), 

● beaker (50 mL), ● erlenmeyer (250 mL) 

 

 
Figure 1.3. The equipments and experimental setup for titration. 

 

Reagents 

a) pH standard solutions (pH 4.0, pH 7.0) 

b) 0.05 N HCl  : 100 mL 

c) 0.05 N KOH : 100 mL  

d) 0.05 N NaOH  : 100 mL  

e) 0.5 M Glycine : 100 mL  

f) 0.5 N HCl  : 100 mL  

g) 0.5 N KOH : 100 mL  

h) 37% formaldehyde; it should be adjusted to pH 7.0 with KOH. 
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PROCEDURE 

 

A. The Operation and Calibration of a Glass Electrode 

Calibrate the pH meter with the two standard buffers supplied. One buffer will 

be pH = 7.0 and the other pH = 4.0.  

 

1. Use 5 mL or 10 mL beakers and add enough “pH = 7.0” standard buffer to  cover 

the end of the electrode. 

2. Two adjusting controls, one usually labelled “calibrate” or “buffer adjust” and a 

second labelled “temperature”, are required to match the meter reading to the two 

buffers. Adjust the meter needle with the “calibrate” control to the pH listed on 

the bottle while the electrode is immersed “pH = 7.0” buffer.  

3. Rinse the electrode (the tip of a glass electrode is delicate and care must be taken 

to avoid breaking this expensive piece of apparatus). The electrode must be 

rinsed with distilled water and touched (not rubbed) with absorbent tissue 

between measurements of different solutions. Immerse the electrode into “pH = 

4.0” buffer and and adjust the needle to match the “pH = 4.0” buffer using the 

temperature control. 

4. Repeat the “pH = 7.0” and “pH = 4.0” steps until the pH meter reading matches 

both buffer without urther adjustments. 

5. Discard standard buffers; do not return them to stock bottles. 

 

Measure the pH of the following solutions with the pH meter with directly 

dipping the electrode into the desired solutions; tap water, distilled water, 0.05 N HCl, 

0.05 N KOH, 0.05 N NaOH; record the results in the notebook. At the end of an 

experiment the electrodes should be left in a slightly acidic (0.1 N HCl) aqueous 

solution 

 

B. Titration of Glycine Buffer 

Prepare 0.5 M glycine buffer (pKa1 = 2.36, pKa2 = 9.6, MW = 75.1). 

 

1. Estimate the pH with a properly calibrated pH meter, compare the measured 

pH with the calculated pH. Record the results in the notebook. 
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2. Put 25 mL of your buffer and and 25 mL water in a 100 mL beaker. Stir with a 

glass rod and record the pH. 

3. Arrange pH meter, 25 mL burette and buffer solution for titration. Titrate with 

standard HCl (0.5 N) to pH 1.0. add acid in increments of 0.5 mL or less in 

weakly buffering regions. In regions where bufering is strong, add larger 

increments of acid and measure at pH intervals of approximate 0.3 pH nits. 

Stir the buffer solution after each addition of HCl to ensure equilibrium 

4. Titrate a fresh aliquot of your buffer with standard 0.5 N KOH to pH 12.5 

using the above procedure. 

5. For correction titrate 50 mL of water withhcl, repeat with KOH. Add the 

titrant in fractional drop quantities at first, because very large shifts in pH will 

occur. Titrant is added in 1.0 mL aliquots (as before) to the appropriate 

volume of solvent and the corresponding pH values are measured. The 

titration data for the aminoacid solution and the solvent are then plotted on one 

graph. Smooth curves are drawn through the points. The titration curve of the 

solvent is then subtracted graphically from that of the amino acid solution, 

resulting in a “corrected” titration curve. 

6. From this plot, estimate the isoelectric point and the pKa’ for each of the two 

ionizing groups of glycine. Compare these values with the calculated ones 

again using same titration curves and Henderon-Hasselbalch equation. 

 

C. Formol Titration 

Use freshly prepared 0.5 M Glycibe buffer (containing no HCl or KOH). 

 

1. Mix 25 mL of this solution with 15 mL water and 10 mL of neutralized 37% 

formaldehyde, and record the resultant pH. 

2. Titrate this mixture with standard 0.5 N KOH to pH = 10.0 

3. For correction again titrate an approximate Formaldehyde water blank to the 

same pH. 

4. Plot the corrected curve and from this plot estimate the pKa of the glycine 

amino group in the presence of formaldehyde. 
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D. Titration of an Unknown Amino Acid 

Carry out the amino acid formol titration according to the procedure which 

was described above for the unknown sample supplied for you. Draw the titration 

curve and estimate the pKa values for each ionization, then find th unknown amino 

acid by using the table given in Appendix 1. 

 

QUESTIONS 

 

1. What are the average net charges on the glycine molecules in your buffer 

at pH 1.0, pH 6.2, pH 9.8, pH 11.0? What is the net charge in 10% formaldehyde at 

each of these pH values? 

2. Calculate the isoalectric pH of an amino acid from the pKa’s determined 

by your titration curves. 

3. What would have been the pH  (i.e the theoretical value) upon addition of 

10 mL of 0.1 M NaOH to 3.0 mL 0.1 M solution of isoelectirc glycine (pKa’s for 

glycine are 2.3 and 9.6)? 

4. How many mL of 0.1 M NaOH are required to titrate 0.3 g of isoelectirc 

arginine (molecular weight = 174)? 

5. Describe the preparation of 10 L of 0.045 M potassium phosphate buffer 

pH 7.5 (MW of K2HPO4 = 174 g, MW of KH2PO4 = 136 g, pKa2= 7.2) 
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LABORATORY REPORT 

 

Name_________________    Date __________________ 

 

A. Title of the Experiment: Preparation of Buffer Solutions and Titration of Amino 

Acids. 

B. Purpose of the experiment: ___________________ 

C. Theory of the Experiment: ________________ 

D. Procedure: _______________ 

E. Calculations and Observations: 

 

1. pH measurements: 

a)  

 

pH  Tap water 0.05 N HCl 0.05 N NaOH 0.05 N KOH 

Theoretical 

pH (-log [H+]) 

    

pH, measured 

with pH 

meter 

    

 

b) Calculate the true concentration of HCl, NaOH and KOH by using the pH 

value which is measured by pH meter. 

 

2. Titration curves: Attach a plot of the raw data; then draw the “corrected” 

titration curves as pH vs added volume of HCl and KOH. 

a) pH of the aqueous glycine buffer before titration 

b) use the “corrected”  (regular, not formol) titration curve to find the 

following values: 

pKa1 = 

pKa2 = 

pH of the isoelectric point =  
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fill the following table: 

pKa Net mL HCl or 

KOH used 

Net mM HCl or 

KOH used 

pKa1   

pKa2   

 

c) compare these values with the calculated ones again using the same 

titration curves and Henderson-Hasselbalch equation. 

 

3. Formol Titration: Attach a plot of raw data; then draw the “corected” titration 

curves as pH vs added volme of KOH, then esitmate pKa2 value. 

 

4. Unknown: Carry out all the calculations given in part 2 for unknown sample 

then estimate the unknown amino acid. 

 

F. Conclusion: _______________________ 

 

REFERENCES 
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3. Williams B.L. and Wilson K., Principles and Techniques of Practical 

Biochemistry, Arnold, London, 1979. 
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EXPERIMENT 2 

 

COLORIMETRIC METHODS FOR THE DETERMINATION OF AMINO 

ACIDS AND PROTEINS 

 

INTRODUCTION   

 

Photometric and colorimetric analysis depend on the light absorbing properties 

of either the substance being analyzed or their colored complexes. In 

spectrophotometers the intensity or energy of light which passes through a cuvette 

containing a solution of the substance to be analyzed (the sample solution), is 

measured. All light absorption measurements are made relative to a blank solution 

which contains all the components of the sample solution except the substance being 

analyzed. Instrument and procedures are designed to the intensity of light transmitted 

by the blank. 

 

A spectrophotometer is an instrument used to measure the amount of light of a 

given wavelenght that is transmitted by a sample. The essential components of a 

spectrophotometer and their function is shown in figure 2.1. The electromagnetic 

spectrum and the radiation sources used in spectrophotometers is given in figure 2.2. 
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Figure 2.1 Essential components of a spectrum. 
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Hydrogen/Deuterium lamp Tungsten lamp 
 

Radiation source 

 

Figure 2.2 Electromagnetic spectrum 

 

 

Basic Laws of Light Absorption 

 

The functional relationship between the quantity in an absorption analysis (A) 

and the quantity sought (the concentration, C) is known as Beer-Lambert’s law – a 

composite of two laws; Beer’s Law and Lambert’s (or Bouguer’s) Law. 

 

 
Lambert’s Law states that the intensity 
of monochromatic light passing through 
an absorbing medium decreases 
exponentially with increasing thickness 
of the absorbing material: 
 
Ι = Ι0 e-K’ℓ  (2.3) 
 where  
 K’ = constant 
 ℓ = length of the light path through the 

solution  
 
or: 
 
ln        = K’ ℓ   (2.4) 
 

Ι0
Ι 

 

 

 

 

 

 

 

 

 

 

 

 

Beer’s Law states that the intensity of 
monochromatic light passing through an 
absorbing medium decreases exponentially 
with increasing concentration of the 
absorbing material: 
 
Ι = Ι0 e-Kc            (2.1) 
 where  
 K = constant 
 Ι0 = Intensity of the incident light 
 Ι = Intensity of transmitted light 
 c = concentration  
Upon conversion to the logarithmic form, 
one obtains: 
 
ln        = K c   (2.2)Ι0

Ι 
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In the Beer-Lambert Law, these two laws are combined so that,  

 

Ι = Ι0 e-kcℓ            (2.5) 

 

ln       = k c ℓ           (2.6) Ι0
Ι 

 

 where  k = extinction coefficient. 

 

The last expression is generally converted to natural logarithms to those of base 10, so 

the common form of the extinction coefficient, ε is obtained. The extinction 

coefficient Є, thus included the factor 2.303, is required for conversion of natural 

logarithm to those of base 10. 

 

ε =    (2.7) 
   k 

   2.303 
 

According to the last equation (2.7), the formula (2.6) turns out to be: 

 

log      = ε c ℓ  (2.8) Ι0
Ι 

 

as log Ι0 /Ι term is called absorbance, A, the equation (2.8) can be rewritten as: 

 

  A = ε c ℓ   (2.9)     

 

The ratio of Ι /Ι0 represents the fraction of incident light which is being transmitted; 

which is known as transmittance or transmission (T). Thus,  

 

T =    (2.10)       or   A = -log T   (2.11)  Ι 
Ι0

 

The extinction coefficient is a key parameter of absorption, it may be defined as the 

absorbance of a solution having unit concentration and measured with a unit light 

path. The units of the extinction coefficient can be many, but they must always relate 

to the units of concentration and the lenght of the path so that ε c ℓ is a dimensionless 

quantity. The extinction coefficient may be expressed for example as follows: 
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ε       = 500 ; ε260 = 500 M-1 cm-1  (2.12) 1 M 
1 cm 

 

This means that a 1 M solution of the compound, analyzed in a cuvette having a 1 cm 

light path, has an absorbance of 500 at 260 nm. The extinction coefficient may also be 

expressed as:             

 1 mM 
1 cm 
275 nm 
ε  ,  ε 

1 % 
1 cm 
275 nm etc. where % = wtg/volume, that is the one containing 1g of 

solute in 100 mL of solution. 

 

The quantity         is known as the molar extinction coefficient and is often denoted by 

the symbol ε. 

ε 1cm 
1M 

 

The Chemical Basis of Laboratory Assays 

 

Many substances which donot absorb light in the visible region reacts 

quantitatively with some other reagent to give a colored product. This property is used 

as a basis for assaying such substances. 

The most important part of every colorimetric analysis is the standard 

(calibration) curve – plot of A (absorbance) versus C (concentration) of the 

standards of known concentration. The ε.ℓ value can be determined from the slope of 

the curve, which in turn, is used to calculate the concentration of unknown sample. 

The data for the standard curve are obtained by mixing varying quantities of a stock 

solution of standard (e.g. bovine serum albumin in a protein assay) and a diluent (e.g. 

water or buffer) to the same final volume. The colorimetric reagent is then added and 

the absorbance is measured after color development. Once the standard curve has 

been constructed, the concentration of unkown solution may be determined from the 

absorbance of an unkown solution. It’s important that the measurements are made in 

the linear part of the standard curve (at high concentrations the straight line becomes 

curved). The straight region of the standard curve is the region which “Beer’s Law” is 

obeyed. 
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Biuret Method 

Proteins consisting wholly of amino acids donot absorb visible radiation, but 

in an alkaline solution of cupric ions, proteins show a pink to purple color. This color 

is named for the compund biuret, H2HCONHCONH2, which gives the same color 

reaction. Almost any substance containing two or more peptide bonds gives the biuret 

clor. The chromophore –light absorbing center- seems to be a complex between the 

peptide backbone and cupric ions (Cu++) which gives absorption maximum at 540 nm. 

The method has a sensitivity of about 1-10 mg of protein/mL. The peptide-copper 

complex is indicated in Fig 2.3 

 
 

 
 

W = water 

 

Fig 2.3 Peptide-Copper complex 

 

Lowry Method 

There are two color forming reactions in this method: 

(1) Reaction of protein with copper in alkaline solution (Biuret reaction) 

(2) Reduction of phosphomolybdic-phosphotungstic acid (Folin Reagent) by tyrosine 

and tryptophan residues present in Cupper-treated protein. 

The intensity of the resulting blue color is measured at 650-660 nm, and the 

sensitivity of the method is about 10-200 µg protein/mL. 
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Bradford Method  

The binding of Coomassie Brilliant Blue dye to proteins in acidic solution  

causes a shift in wavelenght of maximum absorption of the dye from 465 nm to 595 

nm, which is directly related to the concentration of the protein. The method has a 

sensitivity range of 1-20 µg. 

 

 The BCA Assay 

The principle of the assay is similar to Biuret and Lowry assays. The protein 

to be analyzed is reacted with Cu++and bicinchoninic acid (BCA). The Cu++ is 

chelated by BCA, which converts the apple-green color of the free BCA to purple 

color of the copper-BCA complex and the intensity of the color is measured at 562 

nm. The assay is as sensitive as Lowry and Bradford methods. 

 

UV Absorption 

Warburg-Christian: Proteins can also be estimated by using their absorption 

maximum at 280 nm, due primarily to tyrosine, tryptophan and phenylalanine. The 

most common interfering substances are nucleic acids which have absorption 

maximum at 260 nm. This interference can be circumvented by using the following 

formula in determining the protein concentration: 

Protein (mg/mL) = 1.55 A280 – 0.76 A260

The sensitivity of the method is 0.05-2.0 mg/mL 

 

Waddell Method: All proteins absorb strongly below 230 nm, due to their 

peptide bonds. Protein concentrations in the region of 10 to 100 µg/mL can be 

determined from the difference in absorbances at 215 nm and 225 nm. Although a 

standard curve must be plotted, an approximation for protein concentration is given 

by the formula: 

Protein (µg/mL) = 144 (A215 – A225) 

 

Table 2.1 gives a summary of the protein determination methods: 
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Table 2.1 Methods for Protein Determination 

 

Method Sensitivity Principle Absorbance Interferences 

Biuret 
Low 

1-20 mg 

Peptide bonds + 

alkaline Cu++  

purple complex 

540 nm 

Zwitterionic 

buffers, some 

aminoacids 

Lowry 
High 

~5 µg 

(1) Biuret method 

(2) Reduction of Folin 

reagent by Tyr and Trp

650 – 660 

nm 

Ammonium 

sulfate, glycine, 

zwitterionic 

buffers, 

mercaptans 

Bradford 
High 

~1 µg 

λmax of Coomassie dye 

shifts from 465 nm to 

595 nm when bound to 

protein 

595 nm 

Strongly basic 

buffers, 

detergents Triton 

X-100, SDS 

BCA 
High 

~1 µg 

(1) Biuret reaction 

(2) Copper complex 

with BCA 

562 nm 

EDTA, DTT, 

ammonium 

sulfate 

Warburg- 

Christian 

Moderate 

50-1000 µg 

Absorption of 280nm 

light by aromatic 

residues 

280/260 nm 

Purines, 

pyrimidines, 

nucleic acids 

Waddell 
High 

~10 µg 

Absorption of peptide 

bonds 
215/225 nm  

 

 

 

MATERIALS 

 

Equipments: 

Spectrophotometer (visible), glass cuvettes, vortex stirrer, test tubes 
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Reagents: 

 

a) Biuret Reagents 

 

Standard protein: 10 mg/mL BSA 

Biuret Reagent: Dissolve 6.0 g of sodium potassium tartrate (NaKC4H4O6.4H2O) in 

500 mL water. Add 1.5 g of CuSO4.5H2O. Add slowly with stirring, 300 mL of 10% 

(w/v) NaOH. Dilute to 1.0 L with water. The reagent is stable and can be made up in 

large amounts and sealed for subsequent experiments. Store the reagent in a 

polyethylene bottle and discard if a black or red precipitate appears. 

 

b) Lowry Reagents: 

 

Standard protein: 0.4 mg/mL BSA 

Lowry Reagent A: 2% Na2CO3 in 0.1 N NaOH. 

Perpare it by dissolving 20 g of Na2CO3 in 1 L of 0.1 N NaOH (4.0 g NaOH/L of 

water). Store at 4°C in a polyethylene bottle. 

Lowry Reagent B1: 2% CuSO4.5H2O. 

Prepare it by dissolving 2 g CuSO4.5H2O in 100 mL water. Store at 4°C. 

Lowry Reagent B2: 2% (w/v) sodium potassium tartrate tetrahydrate. 

Prepare it by dissolving 2 g sodium potassium tartrate tetrahydrate 

(NaKC4H4O6.4H2O) in 100 mL water. Store at 4°C. 

Lowry Reagent C: B2:B1:A in the ratio of 1:1:100 

Prepare this reagent fresh on the day of experiment. Place 1 mL of Reagent B2 in a 

beaker or erlenmeyer flask. Add with stirring 1 mL of Reagent B1. Then add 100 mL  

of Reagent A by stirring. The order of addition must be adhered to. Store the reagent 

at 4°C. Store reagents B1 and B2 seperately, rather than in combination as used in 

some procedures. Avoid formation of a precipitate. 

Lowry Reagent D: Dilute a commercial 2.0 N Folin Reagent to 1.0 N with water. 

 

CAUTION: Folin Reagent (Reagent D) is a strong poison; donot pipette by mouth. 

As it is light sensitive, store in the dark bottle. 
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PROCEDURE 

 

a) Biuret Method 

 

1. Prepare several dilutions of standard protein solution with water or an appropriate 

buffer to a final volume of 1 mL as shown in Table 2.2 in laboratory report. A 10 

mg/mL solution of BSA is supplied as the standard. Add 4.0 mL of biuret reagent, 

mix the solutions thoroughly and incubate them at room temperature for 30 min.  

2. For unknown solutions, do serial dilutions as shown in Table 2.3 and add 4.0 mL 

biuret reagent. Mix the solutions thoroughly and incubate them at room temperature 

for 30 min. The color is stable for 1 hour after incubation. Figure 2.4 displays a 

representative series of tubes with increasing concentrations of standard protein 

(BSA) and increasing intensity of color. 

3. Measure the absorbance of each tube at 540 nm and record. 

4. Prepare a standard curve (A540 nm vs. mg protein); from there report the protein 

concentration of unknown. 

 

 
 

Figure 2.4. A series of tubes with increasing concentrations of standard protein 

(BSA) and increasing intensity of color. 
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b) Lowry Method (Folin-Ciocalteu Procedure) 

 

1. Put 0.00, 0.05, 0.10, 0.15, 0.20 mL of protein solution into test tubes as indicated 

in Table 2.3. 

2. Complete to 0.5 mL with water 

3. Add 2.5 mL of Reagent C, mix well and wait for 10 min. 

4. Add 0.25 mL of Reagent D. Mix immediately with vortex stirrer, then treat the 

next tube etc.  

5. Let the tubes stand at room temperature for 30 min, then measure the absorbance 

at 650 nm by zeroing the instrument on water. The color is stable for about 2 hours 

after color formation. 

6. Draw the standard curve (A650 nm vs. µg protein). 

7. Using the graph, determine the concentration of unknown. 

 

LABORATORY REPORT 

 

a) Biuret Method 

 

Table 2.2 

Tube  

No 

mL BSA 10 mg/mL 

standard protein solution  

mL 

dH2O 

mL Biuret 

Reagent 
A540- A540’ 

1-1’ 0.00 1.00 4.0  

2-2’ 0.10 0.90 4.0  

3-3’ 0.20 0.80 4.0  

4-4’ 0.50 0.50 4.0  

5-5' 0.80 0.20 4.0  

 Unknown Protein     

6-6’ 0.2 0.80 4.0  

7-7’ 0.5 0.50 4.0  

8-8’ 1.0 0.00 4.0  

 

Draw the Biuret standard curve A540 vc C (mg of protein) 
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Calculate the concentration of unknown from the standard curve 

Concentration of unknown from standard curve = __________ mg/tube 

Concentration of original unknown solution       = __________ mg/mL. 

 

 

b) Lowry Method 

 

Table 2.3 

Tube  

No 

mL BSA 0.4 mg/mL 

standard protein solution  

mL 

dH2O 

mL Lowry 

Reagent C 

mL Lowry 

Reagent D 
A650- A650’  

1-1’ 0.00 0.50 2.5 0.25  

2-2’ 0.10 0.40 2.5 0.25  

3-3’ 0.15 0.35 2.5 0.25  

4-4’ 0.20 0.30 2.5 0.25  

5-5' 0.25 0.25 2.5 0.25  

 Unknown Protein      

6-6’ 0.1 0.40 2.5 0.25  

7-7’ 0.25 0.25 2.5 0.25  

8-8’ 0.5 0.0 2.5 0.25  

 

Draw the Lowry standard curve A650 vc C (µg of protein) 

 

Calculate the concentration of unknown from the standard curve 

Concentration of unknown from standard curve = __________ µg/tube 

Concentration of original unknown solution       = __________ µg/mL. 
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QUESTIONS 

 

1. What are the units of absorbance A? 

2. A 1.00 mg/mL solution of bovine serum albumin (BSA) in neutral phosphate 

buffer has an A280 of 0.600. If the molecular weight of BSA is 66 000, what is its 

extinction coefficient? 

3. One tenth mL of a protein solution was diluted with 2.5 mL of water. The A280 of 

the diluted solution was 0.25. How many mL of the original protein solution and 

water should be mixed to make 1.0 mL of solution of A280 = 0.80? 

4. A dye has an extinction coefficient of 5.7 x 104 M-1cm-1 at 300 nm. What is the 

concentration of an unknown of this dye if the unknown has an absorbance of 0.3 at 

300 nm when measured with light path of 2.0 cm? 
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EXPERIMENT 3 

 

INTRODUCTION TO CHROMATOGRAPHIC TECHNIQUES 

 

INTRODUCTION 

 

One of the continually facing problems of biochemistry is the separation and 

purification of one or more biological compounds. Among the most convenient 

methods for achieving such separation is to use chromatographic techniques. 

Chromatography was discovered and named in 1906 by Michael Tswett, a Russian 

botanist, when he was studying to separate colored leaf pigments (hence the name 

chroma) by passing a solution containing them through a column packed with an 

adsorbent chalk. The methodology of chromatography now includes several 

procedures, and all operate in the same principle of separating complex mixtures of 

molecules due to repetitive distribution of molecules between a mobile and a 

stationary phase. The stationary phase may be either a solid or a solid coated with 

liquid that is immobilized, and a mobile phase flowing over the stationary phase- 

which may be a liquid or gas. The type of interaction between the stationary phase 

and components in the sample is what distinguishes the different procedures.  

 

Chromatographic methods are divided into two types according to how solute 

molecules bind to or interact with the stationary phase. Partition chromatography is 

the distribution of a solute between two immiscible liquid phases. This may involve a 

liquid immobilized on a solid support and a mobile liquid phase moving on this solid 

phase as in the case of paper, thin layer and gas-liquid chromatography. The 

distribution of solutes between the two phases is based primarily on solubility 

differences. The distribution can be quantified by using the partition coefficient, KD: 

 
 

KD =        (3.1) 
Concentration of solute in stationary phase 

Concentration of solute in mobile phase  
 
Adsorption chromatography refers to the use of a stationary phase or support, 

such as ion-exchange resin, that has a finite number of relatively specific binding sites 

for solute molecules. The mobile phase is either an aqueous or non aqueous solution. 

There is not a clear distinction between the processes of partition and adsorption. All 
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chromatographic separations rely, to some extent, on adsorptive processes. However, 

in partition chromatography (paper, thin-layer and gas chromatography), these 

specific adsorptive effects are minimal and the separation is based primarily on 

nonspecific solubility factors. Adsorption chromatography relies on relatively specific 

interactions between the solute molecules and binding sites on the surface of the 

stationary phase. As the material moves down the column, the process of adsorption is 

repeated many times. The rate of movement of the molecules depends on the degree 

of their adsorption to the solid support. The attractive forces involved in adsorption 

are dipole-dipole interactions, Van der Waals forces, hydrogen bonds, ionic and 

hydrophobic interactions.  

 

1. Paper Chromatography 

 

 In paper chromatography, the stationary liquid phase is held in place by a 

porous solid such as a filter paper or cellulose sheet moistened by absorbing water 

vapour primarily (a polar layer of water molecules bound to the hydroxyl groups of 

cellulose). Another solvent, rich in a more nonpolar substance such as n-butanol/H2O; 

(v/v), is allowed to migrate up or down the paper via capillary action, represents the 

mobile phase. The distribution of the molecules between the two phases occur 

repeatedly as the material moves up and down on the paper. Nonpolar molecules will 

move faster in this system than polar ones.  

Several factors are important in the separation of substances on paper. 

Propelling forces; such as solvent flow and solubility of molecules in the two phases 

act to shift the substances from their point of origin and displace them in the direction 

of solvent flow. Retarding forces; such as adsorption and partition act to impede the 

movement of substances by dragging them out of flowing solvent and back into paper. 

The distance travelled by any molecule from origin is the resultant of these forces.  

An example of two development techniques; ascending and descending paper 

chromatography is given in Figure 3.1. In ascending paper chromatography, 

separation is due to capillary action only and good resolution is observed because 

molecules are slowly separated. However, in descending paper chromatography 

separation is due to capillary action and gravity, so poor resolution is observed as a 

result of faster separation. 
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Figure 3.1. (a) Ascending, and (b) Descending development techniques in 

paper chromatography. (c) Separation of compounds A and B in ascending paper 

chromatography. 

 
The movement of substance in paper chromatography is characterized by the 

Rf value. The Rf value is the rate of the distance moved by the sample relative to that 

moved by the solvent, both measured from the origin line of sample application; that 

is: 

 
Rf =      (3.2)   
 
The Rf value is generally proportional to the solubility of the sample in the 

mobile phase. 

Distance moved by sample 
Distance moved by solvent
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More often the components of the sample may not be colored, so to locate the 

spots, several methods –either qualitative or quantitative- can be used.  

Qualitative methods include fluorescence, radioactivity and treatment with 

chemicals that develop color. Substances that are highly conjugated may be detected 

by fluorescence under a UV lamp. By autoradiography, the spots can be detected as 

dark areas on X-ray films. Chromatograms may be treated with universal reagents that 

produce a colored spot with any organic compound. An example is sulfuric acid 

(H2SO4) which is sprayed on chromatogram and after heating at 100°C for few 

minutes, all organic substances appear as black spots. A more convenient universal 

reagent is iodine (I2). Upon exposing the chromatogram to I2 vapour, most organic 

substances on the chromatogram produce brown spots, the spots being more intense 

with unsaturated compounds. Also there are specific reagents that react with a 

particular class of compounds. For example, rhodamine B is often used for the 

visualization of lipids, ninhydrin for amino acids and aniline phthalate for 

carbohydrates. 

Quantitative methods can be performed on plate or off plate. Densitometers, 

that measure the UV and/or visible absorbance of compound, and 

radiochromatograms, for radioactive labelled compounds are devices used for on plate 

techniques. If the quantification is to be performed off-plate, the spot is cut out from 

the paper, put into appropriate solvent to release the compound from adsorbent, and 

the intensity of the color is measured by spectrophotometer. 

 
2. Thin-Layer Chromatography (TLC) 

 

Thin-layer chromatography is primarily adsorption chromatography although 

other partition effects may also be involved. The stationary phase is a glass sheet or 

plastic covered uniformly with a thin layer of adsorbent (the common adsorbents for 

thin layer chromatography are silica gel, alumina, starch, sephadex which are used 

with a binding agent such as calcium sulphate). The plates are prepared by spreading 

a slurry adsorbent in water over them, starting at one end and moving progressively to 

the other end, and then drying them in an oven at 100°C-120°C. Drying serves to 

remove the water and to leave a coating of adsorbent on the plate. Today, commercial 

plates are also available.  
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The sample is applied to the plate by means of a micropipette or syringe as a 

spot about 2.0-2.5 mm diameter. The separation takes place in a glass tank, which 

contains the developing solvent to a depth of about 1.5 cm. The solvent migrates up 

the thin layer plate by capillary action. The initial stationary liquid phase in thin-layer 

chromatography (TLC) is the solvent used to prepare the thin layer of adsorbent (i.e: 

water). However, as developing solvent molecules move through the stationary phase, 

polar solvent molecules may bind to the immobilized support and become the 

stationary phase. Most separations are achieved quickly in 0.5-3 hours. The system is 

kept at constant temperature during the development. Separated samples can be 

detected either by examining under UV light after development or may be sprayed 

with corresponding agents. 

 
3. Gas Chromatography (GC) 

 
In gas-liquid chromatography (or simply gas chromatography), the mobile 

phase is gaseous and the stationary phase is a liquid coated on inert solid particles. In 

this process, separation is again based primarily on partitioning process. 

In this method, the stationary phase is confined to a long stainless steel or 

glass tube, called the column, which is maintained at an elevated temperature. A 

gaseous mobile phase –called the carrier gas- under high pressure is continuously 

swept through the column. The sample to be analyzed is vaporized, introduced into 

the warm gaseous phase and swept through the stationary phase. Then the vaporous 

sample is distributed between the mobile and the stationary liquid film on the solid 

support. Components of the sample mixture that have affinity for the stationary phase 

are retarded in their movement through the column, so each component passes 

through the column at a different rate. 

 
4. Affinity Chromatography 

In affinity chromatography, the stationary phase is a solid generally in the 

form of a column. In this type of chromatography, seperation is achieved by 

exteremely specific biological interactions. As a consequence, affinity 

chromatography is theoretically capable of giving absolute purification in a single 

process. The technique is used for purification of enzymes, nucleic acids, 

immunoglobulins, membrane receptors etc. As an example, purification of an enzyme 

by affinity chromatography is shown in Fig 3.2. 
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Pure enzyme  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample 

Bound 
enzyme 

pH or ionic 
strenght change 

Spacer 
arm 

immobilized 
ligand Matrix 

Figure 3.2 Schematic represantation of purification of an  

                   enzyme by affinity chromatography 

 
5. Ion Exchange Chromatography 

 
In ion exchange chromatography, molecules are seperated on the basis of their 

net charge. The stationary phase is an ion-exchange resin (a cross-linked polymer 

with many charged functional goups) and the mobile phase is an aqueous solution. 

One of the most widely used resins contains sulfonic acid groups (-SO3
-) that are 

strongly acidic. Usually this resin is used in a salt form (such as –SO3
-Na+) and is 

called a cation exchanger. Once the moving sample enters the packed column, cation 

components (X+) of the sample interacts with the resin via electrostatic interactions. 

An example of ion exchange chromatography is given in Figure 3.3. 

 

 

 

 

 

 

 

 

Figure 3.3 Ion exchange column  and fractionation of ions. A is more negatively 

charged than B at eluting pH; hence, A is repelled more by the charged groups on the 

resin and is eluted first (smaller elution volume) 
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Cation 
exchanger:  R-SO3

------Na+   +   +NH3--R’     R--SO3
------+NH3--R’   +   Na+

 exchanger counter 
ion 

Charged molecule 
to be exchanged 

bound 
molecular ion 

exchanged  
ion  

Anion 
exchanger:  (R)4N+------Cl-     +   -OOCR’      (R)4N+------- OOCR’     +   Cl-

 
 
Figure 3.4 Exchange of ions at the exchange site 
 

Due to the interaction of X+ components of the sample exchanging with the 

Na+ at the -SO3
- sites, a cation exchange occurs. Since the resin particles are 

stationary, the effect of the exchange is to retard the movement of ionic solutes 

through a column as dissolved materials are in the mobile phase. Throughout the 

operation of the column, solutes are continually in a cycle being bound, released, 

bound, released and so on. The extend of binding is controlled primarily by the size of 

the net charge on individual X+ components in the mixture. Solutes with a greater net 

positive charge interacts with the resin particles to a greater degree; thus they migrate 

more slowly through the column. 

The example of other type of ion-exchange chromatography is anion exchange 

resins consisting of a polymeric structure containing positively charged functional 

groups that are usually substituted aminoethly groups in chloride salt form, that is: 

 

     CH2CH3                                                 Cl- would exchange with Y-  
                                                                      component in the sample being  
Polymer-   -O-CH2CH2-NH+ ------------------Cl- analyzed. 
                                       

                  CH2CH3 
        
A popular anion exchanger is diethyl amino ethyl-cellulose (DEAE-cellulose) 

 
6. Gel Filtration Chromatography 

 
Gel filtration chromatography (or molecular sieving or gel exclusion 

chromatography) is a special type of partition chromatography in which seperation is 

consists of spherical gel particles of controlled size and porosity (cross-linked 

polymers) which are generally used in the form of a column. The mobile phase is the 

liquid passed through the column. Molecules are fractionated on the basis of their size 

and shape. These two parameters determine the rate and extend of diffusion of the 
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molecules. Smaller molecules diffuse more readily into the gel particles than larger 

ones of the same general shape. The more likely the penetration into the gel particles, 

the more retarded the movement of the molecules through the column. Molecules that 

are larger than the pore size of the gel particles are excluded from the gel particles and 

move rapidly through the space between the gel particles. Thus for the molecules of 

the same general shape, the smaller the molecular weight, the more retarded the 

movement through the column and greater the elution volume. Seperation of 

molecules according to their size in a gel fltration chromatography is shown in Figure 

3.5. 

igure 3.5 Diagrammatic represeantation of seperation by exclusion chromatography. 

 

ative 

concen

between 1000-5000. Some properties of 

Sephadex gels are given in the table 3.1. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Matrix 

Large (excluded) 

Small  solute molecules 

solute molecules 

 
 

F

There are various types of gels available, the common factor being that they 

are cross-linked polymers, where the degree of cross-linkage –which determines the 

pore size- is carefully controlled. An example for such gels is Dextran gels. Dextran is 

a glucose polymer which contains more than 90% 1,6-glycosidic linkages. It may be 

converted into a gel, using epichlorohydrin as cross-linking agent. The rel

trations of dextran and epichlorohydrin determines the degree of linkage. 

In this experiment dextran gels are used, which are available under the brand 

name SEPHADEX. The most widely used types of Sephadex are G-25, G-50, G-75, 

G-100 and G-200. The degree of cross-linkage decreases in the order given. Thus, 

Sephadex G-25 has the smallest pores and is often used for desalting solutions of 

macromolecules of molecular weight 
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t G

 
  

Range (Daltons) 
Water Regain 
(ml/g dry gel) 

Bed Volume    
(mL/g dry gel) 

Table 3.1 Proper ies of Sephadex els 

Type Fractionation  

G-25 1 000 – 5 000 2.5 4 – 6 
G-50 1 500 – 30 000 5.0 9 – 11 
G-75 3 000 – 80 000 7.5 12 – 15 
G-100 4 000 – 150 000 10.0 15 – 20 
G-200 5 000 – 600 000 20.0 30 – 40 

 
Beside Sephadex, polyacrylamide gels (acrylamide cross-linked with N,N-

methylene-bis-acrylamide) and agarose (linear polymer of D-galactose and 3,6-

anhydro-1-galactose, obtained from certain seaweeds) are also used for gel filtration 

techniq

al volume (Vt) of a gel filtration column has three components: 

. 

 

. The volume impenetrable to solvent. 

Vo =  between the gel particles. This is  

the volume eluted from the time of sa

ues. 

 

The tot

Vt = Vi + Vg + Vo 

where 

Vi =  The volume inside the gel particles, the volume accessible to solvent

 This is known as the internal volume. 

Vg =  The volume contributed by the solid walls and cross-linked internal 

 chains of the gel particles

The volume of liquid outside and 

 known as void volume. 

                                           
            Vi               Vo              Vg 

 
The elution volume (Ve) of a solute is the 

column from the moment that the solute first pen

moment that the solute appears in the eluent of the 

taken as 
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Schematic represeantation of

Vi, Vg and Vo, shown in

grey color. 
mple application to the time of 

amount of eluent which leaves the 

etrates into the column until the 

column. In practice, this is usually 



appear

t. In this case, the 

molecu

The polymer, Blue Dextran 

2000 (

e and Vo permit a characterization of the elution properties of a 

given solute in terms of its partition coefficient, Kav (also known as the distribution 

coefficient, Kd)

lid volu  the gel particles (Vg) 

 

The quantity Vi can be calculated from the known dry weight of the entire gel 

column X gra nd the solvent regain of the gel (Ygram of water/gram of gel) so 

that;  

ty of the solvent 

 
F

 

Vi 

ance of the half-height point of the rising edge of the sample peak in the eluted 

fraction. 

By using proteins of the same general shape and of known molecular weights, 

a gel filtration column can be calibrated by plotting elution volume vs the logarithm 

of the molecular weight. Using an identical column, one can then determine the 

molecular weight of an unknown protein from the elution volume. Alternatively, one 

can plot Ve/Vo versus the logarithm of the molecular weigh

lar weight of an unknown protein may be determined by using a column of any 

desired size and determining the Ve/Vo for the unknown protein. 

Vt can be determined by prior water calibration of the column or alternatively 

by geometry. Vo (the void volume) is obtained by measuring the elution volume of a 

solute that is completely excluded by the gel particles. 

molecular weight : approximately 2x106) is often used for this purpose. Its 

movement through the column can be followed visually. 

Knowing V

: 

 
 Kav = 

Ve-Vo 
(3.3)  

 
me ofor ignoring the contribution of the so

Kav = 
Ve-Vo 
Vt - Vo 

(3.4)  
 
 

 ( ms) a

 
      Where ρ = densiVi  = X Y 

(3.5) 
ρ  

rom th
 

 Conce 
 

 
 

Kav = insid
Conce
outsid

 

 

pare definition of the tition coefficient: 

ntration of solute 
e the gel particles 
ntration of solute 

 = 

Mass of the solute 
inside the gel particles 

 Mass of the solute  outside 
x 

Vi
Vo 

the gel particles e the gel particles 
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Thus, different values of Kav can be interpreted as follows: 

K  solute molecules cannot penetrate into the gel particles av = 0 ⇒

  

too relative to the size of the solute molecules. 

av > 0 ⇒ solute molecules are more likely to be found inside than outside the gel  

 

 the same general shape and for a gel of a 

given type, a linear relationship between the partition coefficient and the logarithm of 

Kav = -

A more detailed theoretical treatment predicts a linear relationship in terms of 

Kav = -A’ log(r+B’)    where  A’,B

  r = 

Kav < 0 ⇒ solute molecules are more likely to be found outside than inside the gel

 particles; some pores are 

Kav = 1 ⇒ solute molecules are distributed equally between the space inside and  

 outside the gel particles. 

K

particles; adsorption of solute molecules to the pores is taking place. 

 

It has been shown that for proteins of

the molecular weight (M) is often observed. 

 
A logM + B   where A,B = constants          (3.6) 

 

Stoke’s radius. 

 
’ = constants (3.7) 

Stoke’s radius; the radius of a sphere that would be 

eluted from a gel filtration column in the same 

volume of eluent as the given protein. 

PR

 

s (L-aspartate, L-glutamate, L-leucine, L-lysine, L-histidine, 

Rea

e, L-leucine, L-

lysine, L-histidine, L-proline. 

  
OCEDURE 

A. PAPER CHROMATOGRAPHY OF AMINO ACIDS 

 

Equipment: Glass tank, Whatman #1 cellulose paper, micropipettes 

Chemicals: Amino acid

L-proline), ninhydrin, ethanol, ammonia, butanol, glacial acetic acid. 

gents and supplies 

1. Amino acid solutions (5 mg/mL H2O): L-aspartate, L-glutamat

2. Locating agent: Ninhydrin. Dissolve 200 mg in 100 mL acetone. 
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3. Developing solvents: a) Ethanol: Water: Ammonia (0.88 M); 80:10:10 (v/v) 

  b) Butanol: Water: Glacial Acetic Acid; 65:20:15 (v/v) 

 

 
Figure 3.6. Glass tank and cellulose paper in an ascending type paper 

chromatography. 

Pro

o acid spot); handle it only by the edge of corner. Keep all the spots very 

n diameter) and dry each spot (using a hair dryer) between each 

se the cover of the tank. 

let it dry. 

-105°C for 5 minutes. 

 

cedure 

1) Chromatography: 

a) place 100 mL of solvent in the bottom of the chromatography tank, replace the 

cover and let it to come to equilibrium for at least 3 hours. 

b) prepare the chromatography paper 20x20 cm in dimension. Draw a pencil line 

3 cm above the base of paper. Spots are to be applied along the pencil line, 2 cm from 

each side edge and 2 cm apart. Keep the filter paper clean (fingerprints may sow up 

later as amin

small (2-3 mm i

application. 

2) Application:  

 a) on origin of pencil line, apply each amino acid (10 µl from 5 mg/mL solution) 

drop by drop and after each drop dry the spot. 

 b) place the paper in equilibrated tank with the spotted end down and taking area 

not to let the paper touch the glass walls. Clo

 c) run the chromatography for 2-4 hours, remove the paper from the tank, mark 

the solvent front with a pencil and 

 d) spray the chromatogram with ninhydrin solution and let it dry then heat in an 

oven at 100
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 e) carefully outline the amino acid spots with a pencil and calculate Rf values of 

each spot. 

 f) Compare the position of spots obtained from the unknown with the position 

reached by each amino acid. This may identify the components of the unknown. 

 

 
Figure 3.7. Amino acid spots on a cellulose paper after staining with ninhydrin. 

 

ic column (1.0 cm diameter x 70 cm height), fraction 

ollector, spectrophotomoeter (UV, visible), cuvettes (glass for visible, quartz for 

 rods, glass wool. 

 G-50 in 0.05 M Tris buffer, pH 7.5, 

se, the gel may be stored at 4°C in the presence of 

 12 mL, 

, pH 7.5, 

sulin)  

repare solutions of proteins by dissolving each protein in 0.05 M Tris buffer, pH 7.5, 

.1 M KCl to a concentration of 10 mg/mL; store at 4°C. 

B. GEL FILTRATION CHROMATOGRAPHY 

 

Equipment: Chromotograph

c

UV), glass

 

Reagents 

1. 0.05 M Tris buffer, pH 7.5, containing 0.1 M KCl (4L) 

2. Sephadex G-50 (suspend 2.5 g of sephadex

containing 0.1 M KCl). After u

0.02% (w/v) of sodium azide as a preservative. 

3. Blue Dextran 2000,

Dissolve 80 mg of Blue Dextran 2000 in 12 mL of 0.05 M Tris buffer

containing 0.1 M KCl 

4. Protein solutions: (peroxidase, lysozyme, chymotrypsinogenA, in

P

containing 0
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Procedure 

Preparation of column 

Preparation of gel slurries; Prior to use the gel must be converted into swollen form. A 

known weight of the gel is allowed to swell in excess water or corresponding buffer 

solution. All the gel types swell rapidly according to their water regain (in G-50, 

water regain is 5,0 g water/g dry gel), but it takes a certain time to reach equilibrium. 

If sufficient time is not allowed, the final swelling ocurs in the column, resulting in 

too tight packing and consequent increase in flow resistance. The swelling time can be 

reduced to a few hours by heating the gel slurry on a boiling water bath for one to five 

hours depending on the gel type. 

Packing the column; Usually longer columns give better resolution particularly with 

molecular sieving chromatography. In the laboratory use your buret (or  1.0 x 70 cm 

chromotographic column). The column must be vertical before packing no matter 

what resin is used. The column support can be glass wool, sintered glass or porous 

polyethylene (51 micron pore size). Rinse the column with distilled water before 

packing is attempted. The columns are not to be packed under more than the 

recomm

s 

buffer,

liquid 

through

fraction collector. Check the operation of column, measure the flow rate of 

olumn using a stopcock and a measurated flask. Indicate the flow rate as mL/min, 

 

ended pressure. Sephadex columns, under excess pressure will essentially 

stop.  

The pressure, temperature and flow rate has not to be changed after slurry is 

added. The glass tube (column) with a plug of glass wool at the bottom is taken 

approximately half-filled with buffer and the gel suspension is carefully added to 

bring the liquid level to the top of the tube. The column is poured as a continuous 

unit. After a 5 to 6 cm layer of sephadex had settled to the bottom, the outlet is opened 

and the settling is continued. The column is then washed with buffer (0.05 M Tri

 pH 7.5, containing 0.1 M KCl) for at least overnight. Be sure that the column 

(during the preparation and during the experiment) is never allowed to become dry.  

A layer of liquid must always be above the column. The flow of the 

 the column occurs due to gravitation or it may be regulated using peristaltic 

pumps. In each case flow rate of the column must be constant during operation. 

1.0 mL of fractions are collected in test tubes seperately or by using an 

automatic 

c

mL/hour. 
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Application of sample 

Blue Dextran 2000: Apply 0.5 mL of Blue Dextran 2000 on the column using Pasteur 

pipette. After application, open the stopcock, begin to collect the elements in a 

fraction tube. After complete absorption of blue dextran into the column, wash the 

column with 0.05 M Tris buffer, pH 7.5, containing 0.1 M KCl. By the way, measure 

the absorbance of the eluants at 418 nm using glass cuvettes. Continue washing till all 

the blue dextran comes out of thecolumn. Measured volume will be the elution 

volume of blue dextran –the void volume of the column. 

Standard proteins: In series apply 0.3 mL of peroxidase , lysozyme, 

chymotrypsinogen, insulin; measure the absorbance of the eluants collected in the UV 

region at 280 nm with quartz cuvettes, so determine the elution volume of each 

protein corresponding to the eluted peak. Plot the absorbance (at 280 nm) as a 

function of elution volume (or fraction number); then plot the standard curve –log 

MW of each protein versus elution volume (Ve). 

Unknown sample: Apply 0.3 ml of your unknown protein solution to the column; 

follow the above procedure; collect the eluents in fraction tubes, measure absorbance 

at 280 nm, and determine the elution volume corresponding to unknown protein. 

Extrapolate this value on the standard curve, so find the molecular weight of your 

nknown.  

ABORATORY REPORT 

a) rofile: Plot absorbance at 280 nm (ordinate) as a function of fraction 

f each protein and unknown. 

__________ 

_____ 

 in the buret) 

) Molecular weight of unknown _________ 

 

u

 
 
L

 
Determination of the molecular weight of an unknown protein by gel filtration: 

Elution p

number  

b) Molecular weight:  

Elution volume; Ve (mL) _________ o

Void volume; Vo (mL)__

Ve/Vo _________

Kav __________ 

(Vt = Volume of gel column

c) plot log MW vs Ve/Vo 

d
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QUESTIONS 

 

1. In a gel filtration column, a protein has an elution volume of 20 mL while blue 

dextran 2000 is eluted in 5 mL. The total volume of the column is 10 mL. 

calculate the partition coefficient of the protein. 

2. How would the elution volume of a fibrous protein compare with that of the same 

protein after heat denaturation?  
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EXPERIMENT 4 

 

ELECTROPHORESIS OF AMINO ACIDS AND PROTEINS 

 

Polyacrylamide Gel Electrophoresis in the Presence of SDS (SDS-PAGE) 

 

INTRODUCTION 

 

Electrophoresis is the migration of charged particles under the influence of 

electrical field. Many important biological molecules (amino acids, peptides, proteins, 

nucleotides and nucleic acids) possess ionisable groups & therefore, at any given pH, 

exist in solution as electrically charged molecules. Under the influence of an electrical 

field these charged particles will migrate either to cathode or anode, depending on the 

nature of their net charge.  

The movement of charged molecule subjected electrophoresis is represented 

by the following equation: 

         
v = Eq / ƒ                                                                                        (4.1) 
 
where  
            E = the electric field in volts/cm 
            q = the net charge in molecule 
            ƒ= frictional coefficient, which depends on the mass and shape of the 

molecule 
            v = the velocity of the molecule 

 

The charged particle moves at a velocity that depends directly on the electric 

field (E) and charge (q), but inversely on a counteracting force generated by the 

viscous drag (ƒ). The applied voltage represented by E is usually held constant during 

electrophoresis, although some experiments are run under conditions of constant 

current (where the voltage changes with resistance) or constant power (the product of 

voltage and current). Under constant voltage conditions the above equation shows that 

the movement of a charged molecule depends only on the ration q/ƒ. For molecules of 

similar conformation (for example, a collection of linear DNA fragments or spherical 

proteins), ƒ varies with size but not shape; therefore, the only remaining variables in 

equation are the charge (q) and mass dependence of ƒ, meaning that under such 
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conditions molecules migrate in an electric field at a rate proportional to their charge-

to-mass ratio.   

The movement of charged particle in an electric field is often defined in terms 

of mobility, µ, the velocity per unit of electric field. 

µ = v / E                                                                                             (4.2) 

 

This equation can be modified using equation 4.1: 

 µ = Eq / Eƒ = q/ƒ                                                                               (4.3) 

 

 In theory, if net charge, q, on a molecule is known, it should be possible to 

measure ƒ and obtain information about the hydrodynamic size and shape of that 

molecule by investigating its mobility in an electric field. Attempts to define  ƒ by 

electrophoresis have not been successful, primarily because Equation 3 does not 

adequately describe the electrophoretic process. Important factors that are not 

accounted for in equation are interaction of migrating molecules with the support 

medium and shielding of the molecules by buffer ions. This means that 

electrophoresis is not useful for describing specific details about the shape of a 

molecule. Instead, it has been applied to the analysis of purity and size of 

macromolecules. Each molecule in a mixture is expected to have a unique charge and 

size, and its mobility in an electric field will therefore unique. This expectation forms 

the bases for analysis and separation by all electrophoretic methods. This technique is 

especially useful for the analysis of amino acids, peptides, proteins, nucleic acids and 

other charged molecules.    

 All types of electrophoresis are based on the principle just outlined. The only 

major difference between methods is the type of support medium, which can be either 

cellulose or thin gels. Cellulose is used as support medium for low molecular 

biochemicals such as amino acids and carbohydrates, and polyacrylamide and agarose 

gels are widely used as support media for larger molecules. Geometries (vertical and 

horizontal), buffers, and electrophoretic conditions for these two types of gels provide 

several different experimental arrangements. 
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 Polyacrylamide Gel Electrophoresis (PAGE)         

Electrophoresis in acrylamide gels is referred to as PAGE (polyacrylamide gel 

electrophoresis). Cross-linked polyacrylamide gels are formed from the 

polymerisation of acrylamide monomer in the presence of smaller amount of cross-

linking agent N’N’-methylene bisacrylamide. The polymerisation of acrylamide is an 

example of free radical catalysis & is initiated by the addition of ammonium 

persulphate (APS-initiator) & the base N,N,N,N’-tetramethlene diamine (TEMED-

catalyst). TEMED catalyses the decomposition of persulfate ion to give a free radical. 

The resolving power and molecular size range of a gel depend on the concentration of 

acrylamadi and bisacrylamadi. Lower concentrations give gels with larger pores, 

allowing analysis of higher-molecular-weight biomolecules. In contrast, higher 

concentration of acrylamide give gels with smaller pores, allowing analysis of lower- 

molecular-weight biomolecules.   

 

SDS-PAGE 

Polyacrylamide gel electrophoresis in the presence of sodium dedocyl sulfate 

(SDS), an anionic detergent, is known as denaturing PAGE. Samples to be run on 

SDS PAGE are firstly boiled for 5 minutes in sample buffer containing β-

mercaptoethanol & SDS.  When protein molecules are treated with SDS, the detergent 

disrupts the secondary, tertiary and quaternary structure to produce linear polypeptide 

chains coated with negatively charged SDS molecules. The presence of β-

mercaptoethanol assists in protein denaturation by reducing all disulfide bonds, thus 

separating multimeric proteins into their subunits. The detergent binds to hydrophobic 

regions of the denatured protein chain in a constant ration of about 1.4 g of SDS per 

gram of protein (on average one SDS molecule binds for every two amino acids). 

Thus, original native charge of molecule is completely swamped by SDS molecules. 

In essence, polypeptide chains of a constant charge/mass ratio and uniform shape (a 

rod-like shape) is produced. The electrophoretic mobility of the SDS-protein 

complexes is influenced primarily by the molecular size: the larger molecules are 

retarded by the molecular sieving effect of the gel, and the smaller molecules have 

greater mobility.  

SDS PAGE is the most widely used method for the qualitative analysis of 

protein mixtures. It is particularly useful for monitoring protein purification. Because 
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the method is based on the separation of proteins according to size, it is especially 

useful to determine the relative molecular weights of proteins. The molecular weights 

of the proteins are determined according to the relative mobility (Rm). 

 

Rm=The distance travelled by protein/The distance travelled by bromophenol blue. 

 

By using the molecular weight marker proteins, "MW vs Rm" or "Log MW vs 

Rm" standart curves are drawn and the molecular weight of the unknown proteins are 

determined by using their Rm values. 

SDS-PAGE is often used after each step of purification to assess the purity of 

sample. Pure samples should give a single band on SDS-PAGE, unless the molecule 

is made of two unequal subunits.  

The PAGE can be carried out under continuous or discontinuous gels. In the 

former one, there are only separating gel, in the latter there are stacking and 

separating gels which differ in their monomer concentrations and pH values. Stacking 

gel is used to concentrate the protein into a sharp band before it enters the main 

separating gel. It has large pore size and proteins can freely sieve through the pores 

and no separation takes place at this gel. The band sharpening effect of stacking gel 

relies on the fact that negatively charged glycine ions have a lower electrophoretic 

mobility than do the protein-SDS complexes, which in turn have lower mobility than 

the chloride ions of the loading buffer & stacking gel. When the current is switched 

on, these species of interest adjust their concentrations so that [Cl-] > [Protein-SDS] > 

[Glycine]. Thus, the protein-SDS complexes concentrate in a very tight band, between 

the glycine and Cl- boundaries. Therefore, all the proteins enter the separating gel at 

the same time.   

The disadvantage of the method is that the access of proteins within the gel is 

limited and the gels are not suitable for long term storage. SDS-PAGE is limited to a 

molecular weight range of 10,000 to 200,000. Gels of less than 2.5% acrylamide must 

be used for determining molecular weights above 200,000, but these gels do not set 

well and are very fragile because of minimal cross-linking. A modification gels of 

agarose-acrylamide mixtures allows the measurement of molecular weights above 

200,000.  
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Detection of Proteins 

There are many ways to make the proteins visible on the gel after 

electrophoretic run. Gels may be stained with certain dyes (eg. coomassie blue, silver 

staining) or, it may be transferred on to the support matrix & stained there with 

amidoblack or india ink. However, before staining, the gel should be fixed. The most 

commonly used general protein stain for detecting protein on gel is the sulphonated 

trimethlamine dye Coomassie Blue R dissolved in acid methanol mixture. This acid 

methanol mixture acts as a denaturant to precipitate or fix the protein in the gel, which 

prevents the protein from being wasted out while it is being stained.   

 

MATERIALS 

 

Equipments & Chemicals 

• ES 120 Mini-Vertical Gel System 

• Power Supply with constant voltage 

• Micropipettes 

• Hamilton Syringe 

• Pyrex (or plastic) containers 

• Acrylamide 

• N’N’-bis-methylene-acrylamide 

• Ammonium persulfate (APS) 

• TEMED 

• SDS 

• Standard molecular weight markers    

• Glycerol 

• ß-mercaptoethanol 

• Bromophenol blue 

• Tris-base 

• Concentrated HCl 

• Glycine 

•  Methanol 

• Acetic acid 

• Coomassie Blue R 
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Figure 4.1. Mini-Vertical Gel System and Power Supply 

 
Reagents 

 
a) 30% Acrylamide/bis (200 ml): 

(During preparation of this solution precautions should be made by wearing 

gloves and mask; acrylamide is a nerve toxin) 

• Weigh 58.4 g acrylamide in 500 ml beaker 

• Add 1.6 g N’N’-bis-methylene-acrylamide 

• Pour some 150 ml dH2O into the beaker; cover the beaker with aluminum foil and 

mix on a magnetic stirrer. When complete dissolution is achieved, complete the 

volume to 200 ml by adding dH2O. 

•  Store at 4°C in the dark. Maximum shelf life of this solution is 30 days 

 
b) 10% SDS solution 

Dissolve 5 g SDS in 50 ml dH2O with gentle stirring. 

 
 c)  Sample buffer  

• Prepare 50 ml 0.5 M Tris-HCl buffer, pH 6.8 by dissolving 3 g Tris base in 40 ml 

dH2O and adjusting pH to 6.8 with concentrated HCl followed by completing the 

volume to 50 ml with dH2O. Store at 4°C. 

•  Prepare 0.05% (w/v) bromophenol blue by dissolving 0.0005 g bromophenol blue in 

1 ml dH2O. 

Prepare sample buffer by adding the followings 

◊ 3.8 ml dH2O 

◊ 1 ml 0.5 M Tris-HCl, pH 6.8 
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◊ 1.6 ml glycerol 

◊ 1.6 ml 10%SDS 

◊ 0.4 ml ß-mercaptoethanol 

◊ 0.4 ml 0.05% (w/v) bromophenol blue 

 
d) 1.5 M Tris-HCl, pH 8.8 buffer (300 ml):  

• Weigh 54.45 g Tris base and dissolve in 150 ml dH2O. 

• Stir by magnetic stirrer and adjust pH to 8.8 with concentrated HCl 

• Complete the volume to 300 ml with dH2O and store at 4°C. 

 
e) 5X stock running buffer (25 mM Tris, 192 mM glycine, 0.1% SDS, pH 8.3) 

• Weigh 15 g Tris base and 72 g glycine and dissolve in 1 Lt dH2O. Do not adjust the 

pH. Store at 4°C.  

 
f)  1X working running buffer: 

• Pour 600 ml of 5X stock buffer solution into the electrophoresis tank and dilute it 

with dH2O to total 3 Lt.  

• Stir with magnetic stirrer and gently add 3 g SDS. Place the tank in refrigerator or 

cold room and provide a gentle stirring on magnetic stirrer. 

 
g)  10% APS (should be prepared freshly): 

• Weigh 0.06 g APS in an Eppendorf tube and dissolve in 600 µl dH2O by vortex 

mixing. 

  
 h)  Tracking dye (0.5% agarose containing 0.5 mg% bromophenol blue)     

• Weigh 0.5 g agarose, add 100 ml dH2O and dissolve by heating in a boiling water 

bath.  

• Add 1 ml of 0.5% bromophenol blue prepared for MW sample buffer. 

• Since it solidifies at room temperature, it can be liquefied in a boiling water bath 

before use.  

  
i) Coomassie Blue R Staining Solution 

    0,1 % Coomassie Blue R 

    12 % Glacial acetic acid 

    50 % Methanol 
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Dye is dissolved in methanol and glacial acetic acid is added. The solution is 

completed to the final volume with dH2O & filtered through a course filter paper 

before use.  

 
  j) Destaining Solution 

      30 % Methanol 

      7 % Glacial Acetic acid 

 
PROCEDURE 
 
Preparation of SDS-PAGE Gel Solutions (For mini-gel) 
 
 Separating Gel (12 %) Stacking Gel ( 4 %) 
Acrylamide/Bis (30 %) 2 ml 0,415 ml 
Distilled water  1,65 ml 1,7 ml 
1,5 M Tris-HCl pH 8,8 1,25 ml  
0,5 M Tris-HCl pH 6,8  0,315 ml 
SDS (10 %) 50 µl 10 µl 
APS 25 µl 10 µl 
TEMED 2,5 µl 2,5 µl 

• Add APS and TEMED when you are ready to pour the gel. 
 

1. Surfaces of glasses are cleaned with pure ethanol, the thick spacers (1.5mm thick) 

are aligned at two edges of the bigger glass and the small glass was placed on it. The 

bottom edges are adjusted very carefully so that both glasses and spacers are aligned. 

The right and left edges of the glasses are inserted into clamps (care is taken not to 

misalign the bottom edge) and their screws are fastened. Two sets of glasses are 

prepared.   

2. The sandwiches are placed on the base. The screws of the base are tightened and 

the space between the glasses is filled with dH2O. It is allowed to stand for a couple of 

minutes to ensure that there is no water leakage. When it is ensured that there is no 

leakage, the base is turned upside down and water is discharged. The space between 

the glasses is dried by means of filter paper. 

3. Separating gel solution is discharged into the space between glasses very gently so 

that no bubbles are formed. 

4. The solution is overlaid with dH2O before the polymerization starts (because 

atmospheric oxygen prevents polymerization). The gel is polymerized within 20-30 

minutes. 
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5. The water above the gel is removed completely with the help of a filter paper. The 

comb is placed in the gel sandwich and stacking gel is poured over the separating gel 

without forming any air bubbles. It is allowed to polymerize for about 15 minutes. 

6. The comb is removed by pulling it up slowly & the wells are rinsed with 1X 

running buffer for 3 times to remove the non-polymerized molecules.  

7. Samples and molecular weight markers are loaded into the wells with the help of a 

Hamilton syringe. The syringe should be inserted to about 1-2 mm from the well 

bottom before delivery & rinsed between samples.  

 The samples are prepared by heating them in the presence of SDS and  β-

mercaptoethanol, the aim of this step is to denature the protein chains. 

8. The glass sandwiches are inserted to the one side of the cooling core, to the other 

side plexy-glass sandwiches are inserted. 

9. 300 ml of 1X running buffer is poured into the upper chamber of the cooling core, 

& the reminder to the lower chamber. Leakage of buffer should be prevented. 

10. The cooling core is inserted into the electrophoresis tank containing runing buffer 

(Provide continuous stirring with a magnetic stirrer.) 

11. Connect the electrophoresis unit to the power supply 

12. Apply power at 20 mA in stacking gel and 30 mA separating gel/ constant current. 

13. The gel is run until the blue tracking dye (bromophenol blue) has migrated to 

within 2-5 mm of the bottom of the lower gel. Turn the power supply off. 

15. The gel is dissambled and put in the staining solution.  

16. The gel is incubated in the Coomassie Blue staining solution for 1 hour and 

destained with destaining solution until a clear background appears and bands become 

visible.  

17. Using the molecular weight markers draws Rm vs logMW graph. The molecular 

weights of unknown proteins are calculated from this graph. 

 
Molecular Weight Markers: 

Bovine albumin (66 kD)    Egg albumin (45kD) 

Glyceraldehyde-3-P DH (36 kD)   Carbonic anhydrase (29 kD) 

Trypsinogen (24 kD)    Triypsin inhibitor (20.1 kD) 

α-lactalbumin (14.2 kD) 
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EXPERIMENT 5 

 

PHOTOSYNTHESIS: Chloroplast Isolation & PS-II Activity Measurement 

 

INTRODUCTION 

 

Light-driven phosphorylation, which is the capture of solar energy by photosynthetic 

organisms and its conversion into the chemical energy of reduced organic compounds, is the 

ultimate source of nearly all biological energy.  

 

The overall equation of photosynthesis describes an oxidation-reduction reaction in 

which H2O donates electrons and protons for the reduction of CO2 to carbohydrate (CH2O): 

  

CO2 + H2O → O2 + (CH2O) 

 

Photosynthesis encompasses two processes: the light reactions, which occur only 

when plants are illuminated, and the carbon fixation reactions, or so-called, dark reactions, 

which occur in both light and darkness. In the light reactions, chlorophyll and other pigments 

of the photosynthetic cells absorb light energy and conserve it in chemical form as the two 

energy-rich products ATP and NADPH; simultaneously, O2 is evolved. In the carbon fixation 

reactions, ATP and NADPH are used to reduce CO2 to form glucose and other organic 

products. The formation of O2, which occurs only in the light, and the reduction of CO2, 

which does not require light, thus are distinct and separate processes. 

 

In photosynthetic eukaryotic cells, both the light and carbon fixation reactions take 

place in the chloroplasts. Chloroplasts may assume many different shapes in different species. 

They are surrounded by a continuous outer membrane, which is permeable to small molecules 

and ions. An inner membrane system encloses the internal compartment, in which there are 

many flattened, membrane-surrounded vesicles or sacs, called thylakoids, which are usually 

arranged in stacks called grana. The thylakoid membranes are separate from the inner 

chloroplast membrane. Embedded in the thylakoid membranes are the photosynthetic 

apparatus consisting of pigments and all the enzymes required for the primary light reactions. 

The fluid in the compartment surrounding the thylakoids, the stroma, contains most of the 
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enzymes required for the carbon fixation reactions, in which CO2 is reduced to form triose 

phosphates and, from them, glucose. 

 

The driven force for electron flow in chloroplasts is light and this was first shown by 

Robert Hill in 1937. He found that when leaf extracts containing chloroplasts were 

supplemented with a non-biological hydrogen acceptor and then illuminated, evolution of O2 

and simultaneous reduction of the hydrogen acceptor took place, according to an equation 

now known as the Hill reaction: 

  

2H2O + 2A → 2AH2 + O2

 

where A is the artificial hydrogen acceptor. One of the non-biological hydrogen acceptors 

used by Hill was the dye, 2,6-dichlorophenolindophenol (DCPIP), which in its oxidized 

form (A) is blue and in its reduced form (AH2) is colorless. When the leaf extract 

supplemented with the dye was illuminated, the blue dye became colorless and O2 was 

evolved. In the dark neither O2 evolution nor dye reduction took place. This was the first 

specific clue to how absorbed light energy is converted into chemical energy; it causes 

electrons to flow from H2O to an electron acceptor. Several years later it was found that 

NADP+ is the biological electron acceptor in chloroplasts. 

 

The most important light-absorbing pigments in the thylakoid membranes are the 

chlorophylls, green pigments with polycyclic, planar structures, and Mg+ occupies the central 

position. Chloroplasts of higher plants always contain two types of chlorophyll. One is 

invariably chlorophyll a, and the second in many species is chlorophyll b. Although both are 

green, their absorption spectra are slightly different, allowing the two pigments to 

complement each other’s range of light absorption in the visible region. In addition to 

chlorophylls, the thylakoid membranes contain secondary light-absorbing pigments, the 

carotenoids and phycobilins.  

 

The light-absorbing pigments of thylakoid membranes are arranged in functional sets 

or arrays called photosystems. The clusters can absorb light over the entire visible spectrum 

but especially well between 400 to 500 nm and 600 to 700 nm. All the pigment molecules in a 

photosystem can absorb photons, but only a few can transduce the light energy into chemical 

energy. A transducing pigment consists of several chlorophyll molecules combined with a 
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protein complex also containing tightly bound quinones; this complex is called a 

photochemical reaction center. The other pigment molecules in a photosystem are called 

light-harvesting or antenna molecules. They function to absorb light energy and transmit it at 

a very high rate to the reaction center where the photochemical reactions occur. Thylakoid 

membranes have two different kinds of photosystems, each with its own type of 

photochemical reaction center and a set of antenna molecules. The two systems have distinct 

and complementary functions. Photosystem I has a reaction center designated P700 and a high 

ratio of chlorophyll a to chlorophyll b. Photosystem II, with its reaction center P680, contains 

roughly equal amounts of chlorophyll a and b and may also contain a third type, chlorophyll 

c. All O2-evolving photosynthetic cells (those of higher plants, algae, and cyanobacteria) 

contain both photosystems I and II. 

 

It is between photosystems I and II that light-driven electron flow occurs, producing 

NADPH and a transmembrane proton gradient. The two photosystems must function together 

in the O2-evolving light reactions of photosynthesis. The below diagram, often called the “Z 

scheme” because of its overall form, outlines the pathway of electron flow between the two 

photosystems as well as the energy relationships in the light reactions. When photons are 

absorbed by photosystem I, electrons are expelled from the reaction center and flow down a 

chain of electron carriers to NADP+ to reduce it to NADPH. P700+, transiently electron 

deficient, accepts an electron expelled by illumination of photosystem II, which arrives via a 

second connecting chain of electron carriers. This leaves an electron hole in photosystem II, 

which is filled by electrons from H2O. Splitting of water yields: (1) electrons, which are 

donated to the electron-deficient photosystem II; (2) H+ ions (protons), which are released 

inside the thylakoid lumen; and (3) O2, which is released into the gas phase.  

 

The Z scheme (Figure 5.1) thus describes the complete route by which electrons flow 

from H2O to NADP+
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Figure 5.1: The Z scheme where P680* is the excited P680; Ph is pheophytin; Qa 

and Qb are plastoquinones; Cyt bf is the cytochrome bf complex; PC is 

plastocyanin; P700* is the excited P700; A1 is phylloquinone; Fe-S is an iron-sulfur 

protein; Fd is ferrodoxin; and FP is a flavoprotein. 

 

The direct effect of electron flow from excited photosystem II to the electron-deficient 

photosystem I is the formation of a proton gradient, which then provides the energy for ATP 

synthesis by H+-ATP synthase. 

 

Non-cyclic photophosphorylation involves both Photosystem I and Photosystem II. It 

leads to the production of ATP and the generation of reducing power in the form of NADPH. 

Noncyclic photophosphorylation proceeds according to the following probable stoichiometry; 

 

4 hν + H2O + 2 ADP + 2Pi + NADP+   2ATP + NADPH + H+ +1/2 O2

where; hν= energy of a photon; ν= frequency of light; h= Planck’s constant 
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Energy of a photon is given by E = hν and energy of one mole of photon, which is 

Avogadro number of photons, is defined as “Einstein” (ε). 

 

ε = N h ν 

c 
ν =  

λ 

where; N: Avogadro number = 6.022 x 1023

 c: speed of light = 1010 cm/sec = 3.0 x 1017 nm/sec 

 λ: wave length of the absorbed light (nm) 

 h: Planck’s constant 1.58 x 10-37 kcal .sec 

 

6.023 x 1023 x 1.58 x 10-37 x 3 x 1017

ε =  
λ 

2.86 x 104

ε =    kcal 
     λ 

 

In cyclic photophosphorylation, only Photosystem I (P700) is used and the electrons 

are shunted through a different set of carriers to P700. Cyclic photophosphorylation results in 

the production of ATP but there is no generation of reducing power in the form of NADPH. 

The stoichiometry is; 

 

2 hν + ADP + Pi            ATP 

 

It is apparent that the two photosynthetic modes differ in the amount of ATP which is 

produced even though in both processes the ratio of the number of Pi taken up to the number 

of electrons passed through the chain of carriers is the same namely; 

Pi / 2e- = 1. 

 

By switching between cyclic and non-cyclic photophosphorylation, phototrophic 

organisms can regulate their relative outputs of ATP and reducing power NADPH,H+. 
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MATERIALS & REAGENTS 

 

Materials: 

Plant Material: wheat, tobacco, spinach, grass leaves, etc. 

 

Equipment and Apparatus: 

-Homogenizer (polytron)  - Cool Light Source (Amplified) 

-Spectrophotometer   - Paper Chromatography Tank 

-Quartz cuvettes   - Whatman Cellulose Paper #1 

-Centrifuge and tubes   - Microcentrifuge (for Eppendorf tubes)   

-Cheese-cloth     -Balance 

 

Reagents and Solutions: 

- Sorbitol    - KCl 

- NaCl     - DCPIP 

- MgCl2.6H2O    - K2HPO4

- EDTA    - BSA 

- HEPES-KOH buffer   - Tricine 

- Acetone    - Acetone + Petroleum ether (10:90)   

  

Solutions: 

i- Grinding Medium:     (for 100 mL) 

0.33 M Sorbitol     (6.01 g) 

50 mM NaCl      (0.292 g) 

5 mM MgCl2.6H2O     (0.102 g) 

1 mM EDTA      (0.0372 g) 

0.1 % BSA      (100 µL from 1 mg/mL stock) 

50 mM HEPES-KOH buffer pH=7.0   (10 mL from 0.5 M stock) 

  

ii- Suspension Medium:    (for 100 mL) 

0,1 M Sorbitol      (1.822 g) 

50 mM MgCl2.6H2O     (1.016 g) 

50 mM HEPES-KOH buffer pH=7.0   (10 mL from 0.5 M stock) 
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iii- Assay Medium:     (for 50 mL) 

40 mM Tricine, pH 8.1    (0.358 g) 

5 mM MgCl2.6H2O     (0.051 g) 

2 mM K2HPO4     (0.0174 g) 

10 mM KCl      (0.03728 g) 

100 µM DCPIP     (0.00145 g) 

 

iv- 80% Acetone     (50 mL) 

 

v- stock HEPES-KOH buffer solution pH=7.0 (for 30 mL) 

0.5 M HEPES      (3.575 g) 

adjust pH to 7.0 by titrating with KOH 

 

PROCEDURE 

 

A- Isolation of Thylakoid Membranes: 

 

 

1- Weigh 0.5 g of fresh leaf tissue (wheat, tobacco, 

spinach or grass) 

2- Homogenize for 2 minutes three times in 5 (2+2+1) 

mL of grinding medium in polytron homogenizer on ice.

3- Filter through 4-fold cheesecloth into a clean beaker 

or a centrifuge tube. The beaker should be cold and 

should be held in the ice bucket. 

4- Centrifuge at 1990 g for 6 min at 4 oC. 

5- Discard the supernatant and resuspend the pellet 

in 3(1+2) mL of suspension buffer. 

6- Centrifuge at 9690 g for 10 min at 4 oC. 

7- Discard the supernatant and resuspend the pellet in 

150 µL suspension medium.  

8- Store the tubes at dark in ice and use as soon as 

possible. 

Figure 5.2. Polytron homogenizer 
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B- Absorption Spectrum of Photosynthetic Pigments: 

 

1- In a spectrophotometer cuvette, add 3 mL of acetone and 4-6 drops of leaf extract. 

2- Mix the solution, the color should be pale yellow-green. 

3- Place the cuvette in spectrophotometer with a blank cuvette containing only acetone. 

4- To obtain the amount of absorption for a given wavelength, use the following procedure: 

Adjust the wavelength to 380 nm. Adjust the optical density to zero (auto-zero), with the slit, 

on the blank cuvette, then move on the cuvette containing the leaf extract and read the O.D. 

obtained. Repeat the same steps for wavelength 40 nm apart up to 700 nm (380nm, 420, 460.) 

5- Plot the results on a graph as OD versus wavelength and draw some conclusions from the 

results. 

 

 
Figure 5.3. Spectrophotometer measuring the absorption spectrum of pigments. 

 

 

C- Chlorophyll Content Determination: 

 

1- Prepare duplicate Eppendorf tubes. 

2- Put 990µL 80 % acetone to each and add 10 µL from each sample. For the blank, use 1 mL 

80 % acetone. 

3- Vortex the Eppendorf tubes. 

4- Microcentrifuge at 14000 rpm for ~5 sec. 

5- Rinse the quartz cuvettes twice with dH2O and blot dry. 

6- Read OD values at 645 nm and 663 nm. 
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7- Calculate the amount of chlorophyll using the formula: 

       µg / ml = [ (A663 x 8.02) + (A645 x 20.2) ] x dilution factor 

using the calculated amount, determine the amount of extract that contains 40 µg of 

chlorophyll. 

 

 

D- PS II Activity Assay: 

 

1- Mix the amount of thylakoid membrane 

containing 40 µg chlorophyll with 1 ml of assay 

medium in quartz cuvettes. For blank, use only 

the assay medium. 

2- Start the reaction by illuminating the content 

with the light source. 

3- Record the absorbance of illuminated mixture 

at 590 nm for every 20 seconds, starting from 0 

time. 

4- Calculate the rate of photosynthesis as 

absorbance at 590 nm per second. 

The measurements are done at room temperature. 
Figure 5.4. Quartz cuvette and assay 

medium illuminated with a cool light 

source. 

E- Paper Chromatography of the Pigments: 

 

In this exercise, we will use paper chromatography to separate different pigments of the 

thylakoid membrane. All chromatographic procedures entail the same general principle. The 

material to be purified or the mixture to be resolved is repeatedly distributed between two 

phases, one phase may be stationary while the other flows pass on it. Paper chromatography is 

the employment of filter paper as the supporting medium. 

 

In this method, a drop of solution containing a mixture of compounds is placed on one end of 

a sheet of filter paper with a capillary pipette, at a distance of 3-4 cm apart from the one edge. 

Place the sheet into a suitable covered jar containing about 450 ml of Propan-1-ol + 

Petroleum ether ( 4 : 96 ) or with Acetone + Petroleum ether ( 10 : 90 ). Carry out the 

chromatography in dark. Why? 
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The solvent will ascend to into the paper. After certain period of time, the sheet of paper is 

removed and if the spots are not visible, the paper is sprayed with a chemical developing 

agent such as an alkaline silver reagent which by formation of a colored spot, serves to 

localize compounds on the paper or after the chromatogram has dried out, outline the color 

spots with pencil under UV light. (Be extremely careful not to look at the UV light directly, as 

the rays are harmful for the eyes). Since the relative rate of migration of each substance is 

characteristic constant for each solvent system used, the identity of compounds on the filter 

paper may be established by measurement of the distance of migration with time. This 

migration rate is expressed as the Rf value which is defined as the ratio of distance moved by 

the solvent front. Thus, when a substance moves with the solvent front, the Rf is 1, when a 

substance moves half the distance of the front, the Rf is 0.5. 

 

 

QUESTIONS  

 

1-Why it is necessary to carry out the chromatography of pigment suspension in the dark? 

2-Arrange the followings in the order of increasing energy; A photon in the visible light (760 

nm), a photon in the infrared (IR), a photon in the UV (260 nm) wavelength. 

3-Assuming that the biochemical standard free energy change (∆G°) for the hydrolysis of 

ATP is 7.8 kcal/mol; calculate the theoretical maximum number of moles of ATP that could 

be formed as a result of the absorption of one Einstein of photons at 396 nm. 

 

 

LABORATORY REPORT 

 

Data obtained during the procedure can be reported in a tabulated form. 

1. Calculate the amount of chlorophyll 

2. Calculate the amount of thylokoid membrane (in mL’s) that contains 40 µg of chlorophyll. 

3. Calculate the rate of photosynthesis as absorbance at 590 nm per second. 

4. Draw graphs in order to evaluate your data and discuss your results. 
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EXPERIMENT 6 

 

PREPARATION OF MITOCHONDRIA FROM RAT LIVER 

 

INTRODUCTION 

 

Mitochondria are considered the power plant of the cell and the most important 

function of it is the oxidative phosphorylation. The size, shape, and number of mitochondria 

depend on the metabolic role of the cells and type of tissues. Generally they are ellipsoidal 

with dimensions of 0,5x1,0µm. It has a size about a bacterium. They are so small that the light 

microscope yields little about their morphology. Consequently, knowledge of their structure 

has made notable progress since the advance of the electron microscope. The basic structure 

of a mitochondrion is a double membrane structure consisting of a smooth outer membrane 

and an inner membrane with many inward folds or “crystae”. The outside surface of the outer 

membrane and the inner surface usually consist of three parts: a knob like head, a stalk and a 

base piece to which the stalk attaches. Those particles of the outside surface are simple and 

stalkless.  
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The outer mitochondrial membrane is readily permeable to small molecules and ions, 

however, the inner membrane is impermeable to the small molecules and it bears the 

components of respiratory chain and enzyme complexes responsible for ATP synthesis. 

(H+ATPase). 

The oxidative phosphorylation involves the reduction of O2 to H2Owith electron 

donation by NADH and  FADH2 through electron transfer system. This flow of electrons in 

inner membrane generates a pH gradient (∆pH) and a membrane potential (∆Ψ) producing a 

proton motive force (pmf= ∆pH+ ∆Ψ) which drives the ATP synthesis chemiosmotic 

hypothesis. 

 

∆G = pmf = 2,3RT ∆pH + ZF ∆Ψ 

Where; R = gas constant 

  T = temperature (kelvin) 

  F = faraday constant (23000 cal/mol.volt) 

  Z = charge 

          ∆Ψ = membrane potential in volt 

 

Almost all the ATP synthesized in the mitochondrion is formed by this system in 

which the reaction is coupled to the oxidation-reduction reactions taking place in the inner 

mitochondrial membranes. 

 

 

                   H+-ATPase 
                        ADP + Pi     ATP + H2O                                                   (6.1) 

 

 

 

MATERIALS 

 

Equipments: 

Scissors, teflon homogenizers, centrifuge, spectrophotometer, water baths, vortex, pH 

meters. 
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Reagents:  

a. Isolation medium for rat liver mitochondria (2 lt): 

250 mM sucrose buffered with 50 mM Tris ; KOH  pH 7.6 – 7.7 

 

Dissolve 171.0 g of sucrose and 12.132 g of tris in 1 L of water, adjust pH to 

7.6 – 7.7 with concentrated KOH then dilute to 2 L with water. 

 

b. Isolation medium for rat heart mitochondria : 

180 mM KCl ; 10 mM EDTA  pH 7.2 – 7.4  (Prepare 2 L) 

 

c. Reagents for lipid determination 

Concentrated sulfuric acid, 

Olive oil or corn oil, 

Absolute ethanol, 

Phosphovanillin reagent: Dissolve 1.2 g of vanillin in 200 ml of water with    

continuous stirring. Add 800 ml of concentrated phosphoric acid. Store in Dark 

bottle. 

 

d.   Reagents for protein determination 

 

Reagent A:2% Na2CO3 in 0,1N NaOH (pH:10) 

Reagent B1:1% CuSO4(w/v) 

Reagent B2:2% NaK-Tartarate 

 

Lowry ACR (alkaline cupper reagent): mix 1:1:100 ratio of reagent B1:reagent 

B2 : reagent A respectively. (prepare freshly) 

 

Folin phenol reagent: dilute 2N folin to 1N (keep in dark and prepare freshly)  

 

e. Reagents for the measurement of mitochondrial permeability: 

100 mM NH4Cl   100 ml 

130 mM NH4CH3COO-  100 ml 

130 mM (NH4)3PO4   100 ml 

10 mM Tris-Chloride pH 7.0  500 ml 
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PROCEDURE 

 

1. Isolation of Mitochondria From Rat Liver 

 

a. Immediately after decipitation of the rat liver is removed and immersed in 50 ml ice-

cold isolation medium (250 mM sucrose buffered with tris, pH: 7.6). wash the liver 

and continue the washing in a second beaker with isolation medium, and after 

finishing this washing put the liver in a third beaker containing 50 ml isolation 

medium which was tared before going the cold room (0oC and 4oC). All this 

procedures will be carried out in cold room from this point. 

b. For each gram of liver use 8 ml of ice-cold isotonic sucrose.  

c. After cutting the liver in small pieces transfer the sucrose solution containing liver to a 

precooled teflon pestle homogenizer and homogenize for 2-3 minutes. 

d. Transfer the homogenate to centrifuge tubes and centrifuge at 600x g for 10 minutes. 

e. The supernatant is decanted into another centrifuge tube and centrifuged at a second 

time for 5 minutes at 15.000x g. 

f. Suspend the mitochondria to be used the first day in isotonic sucrose (0,25 M) so that 

the mitochondria from 1 gram wet-weight liver will be suspended in 1 ml of sucrose.  

g. The mitochondria to be used in the following laboratory can be frozen as pellet. 

 

2. Isolation of Mitochondria From Rat Heart 

 

a. Immediately after decapitation of the animal, chest is cut, open and heart ripped out 

while still beating. Put the heart in the ice-cold isolation medium (180 mM KCl, 10 

mM EDTA pH: 7,2 – 7.4). All subsequent operations are performed between 0oC and 

4oC. 

b. Cut the vessel trunk, aurichles with scissor and remove the fat around them. 

c. Obtain the net weight of the heart and cut the heart in small pieces with scissors. 

d. Homogenize the heart pieces in a glass teflon homogenizer using ice-cold isolation 

medium 1:10 (w/v) for 2 minutes. 

e. Filter the homogenate through cheesecloth. 

f. Centrifuge the filtrate at 600x g for 10 minutes. 

g. Centrifuge the supernatant from the previous centrifugation at 8500x g  for 15 

minutes. 
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h. Resuspend the sediment in isolation medium and centrifuge once more at 8500 g for 

15 minutes.  

i. The sediment from this centrifugation is resuspended in a minimal volume (aprox. 2 

ml) of isolation medium. 

j. Determine the protein content of mitochondrial fraction using Lowry methods. 

k. Determine the lipid content of mitochondrial fraction as follow.   

 

3. Determination of Lipid Content of Mitochondrial Fraction 

 

Lipid is taken from the French “lipide” which in turn is derived from the Greek “lipes” 

meaning fat. Basically, lipids are materials which are soluble in organic solvents and 

essentially insoluble in water. The total lipid content of mitochondrial fraction will be 

determined using “Frings et. al.” method.   

 

a. Add 0.1 ml of tissue extract and 2 ml of concentrated sulfuric acid to a test tube. 

b. Add 0.1 ml of standard and 2 ml of concentrated sulfuric acid to another test tube 

(standard). 

c. Vortex all the tubes and heat in a boiling water bath for 10 minutes. 

d. Cool to room temperature. Then, transfer 0.1 ml of each mixture to another test tube 

and 0.1 ml concentrated sulfuric acid to another test tube as blank. To all tubes add 6.0 

ml of phosphovanillin reagent. 

e. Mix all tubes well and incubate 37 oC for 15 minutes. 

f. Cool to room temperature and measure the absorbances at 540 nm using the blank to 

set zero absorbance. Calculate the total lipid contents as follows: 

 

(ODsample / ODstandard)x700 mg/dl = Total Lipid (mg/ml)      

 

As standard 700 mg/dl olive oil, corn oil or triolein in 100 ml of absolute ethanol are 

used. If the value of total lipid is greater than 1000 mg/dl, repeat the test not from the 

beginning but add 12 ml of phosphovanillin reagent instead of 6 ml. Measure the 

absorbance, multiply the final result by 2.  

 

 

 82



4. The Measurement of Mitochondrial Permeability 

 

The studies of living cells have demonstrated a swelling and contraction of 

mitochondria that appear to be dependent on respiration. The mitochondria will shrink or 

swell when placed in hypertonic or hypotonic solution. The internal osmotic pressure of 

the mitochondria corresponds to about 0.3 M sucrose and mitochondria will be 

osmotically protected in this medium. 150 mM KCl will also provide similar support, 

since it possesses two ions in the dissociated state (150 mM K+ and 150 mM Cl-). If 

mitochondria are transferred to a solution of ions which can permeate the mitochondrial 

membrane, the support will be lost and the mitochondria will swell. Swelling of 

mitochondria causes the suspension to scatter less light and thus the extinction of a 

suspension of mitochondria which are swelling will decrease. This fact can be used as a 

test of permeability of the mitochondrial membrane to various substances, there is a 

typical experiment. 

 

a. Take 50 µl rat liver mitochondria (about 80 mg/ml protein) rapidly mix into 3 ml of 

suspending medium indicated below: 

i.  100 mM Ammonium chloride 

 ii. 130 mM Ammonium acetate  

        iii. 130 mM Ammonium phosphate  

• All of these solutions are prepared in 10 mM Tris chloride buffer adjusted to 

pH  7.0  

b. Mix and follow the change in optical density at 600 nm with respect to time.  

c. Indicate your result on a graph. Discuss the results of three experiments in terms of 

permeabilities of ions toward mitochondrial membrane. 
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5. Protein determination of mitochondrial extracts 

 
tube # BSA std.(mL) dH2O(mL) ACR(mL) 

1-1* 0 0,5 2,5 

2-2* 0,5 (0,02mg/mL) 0 2,5 

3-3* 0,5 (0,05mg/mL) 0 2,5 

4-4* 0,5 (0,10mg/mL) 0 2,5 

5-5* 0,5 (0,15mg/mL) 0 2,5 

6-6* 0,5 (0,20mg/mL) 0 2,5 

7-7* (sample) 0,5 (1/200 diluted) 0 2,5 

8-8* (sample) 0,5 (1/100 diluted) 0 2,5 

 

-mix well and wait for 10 min 

-add 0,25 ml folin reagent and vortex immediately. 

-incubate at room temperature for 30 min 

-read the absorbances at 660nm. 

-draw the calibration curve and calculate the protein amount of the sample.  

 

QUESTION 

 

1. Why are the mitochondria isolated and stored in a solution containing 0.25 M sucrose?  

 

LABORATORY REPORT 

a. Protein Content of Mitochondria:____________ mg/ml 

b. Lipid Content of mitochondria: _____________ mg/ml 

c. Permeability of Mitochondria:  

i.   A600 vs time in 100 mM NH4Cl. 

 ii.  A600 vs time in 130 mM NH4CH3COO-

 iii. A600 vs time in 130 mM (NH4)3PO4 
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EXPERIMENT 7 

 

ENZYME KINETICS - MITOCHONDRIAL ENZYMES 

 

INTRODUCTION 

 

The first model for enzyme reaction developed in 1913 by Michealis-Menten based on 

the formation of an intermediate enzyme substrate complex, illustrated as follows: 

 

                              k1                    k2 
         E + S  ES   E + P                                         (7.1) 
               k-1                k-2 
 
where; 

 E : Enzyme 

 S : Substrate 

 P : Product 

 k1, k-1, k2, k-2 : Rate constants 

 

The rate of the reaction; 

 

 v = k2 . (ES)             (7.2) 

 

 assuming k-2 is negligible. 

 

Using either rapid equilibrium assumption or steady state approximation , a rate of equation 

can be derived; 

    Vmax [S] 
                                                              v =            (7.3) 
                 Km + [S] 
where : 

 Vmax : Maximum velocity 

 Km : Michealis-Menten rate constant, it is specific for each enzyme 

    k-1 + k2 
     Km =          (7.4) 

k1
 

 85



Km is different then Ks. 

     [E] [S] k-1 
     Ks =  =                          (7.5) 
 [ES]  k1
 

Two constants are identical if and only if; 

 k2 << k-1

 

 In the most general sense for all enzymatic reaction reactions the Michealis-Menten 

constant (Km) is defined as that substrate concentration at which one half of the maximum 

velocity of the reaction is obtained. 

 

 Factors affecting the velocity of the reaction : The Michealis-Menten equation 

describes the typical hyperbolic curve obtained for non allosteric enzymes of the reaction is 

plotted as a function of substrate concentration. Figure 7.1. 

 v 

  

                                    

 

 

                       v=Vmax/2 

 

 Km              [S] 

 

                                                             Fig. 7.1 

 

 In principle, it is possible to determine Km and Vmax from the hyperbolic curve 

shown in Figure 7.1. In practice it is often very difficult therefore a linear transformation of 

the Michealis-Menten equation is used. This is known as the Lineweawer-Burk equation, and 

can be written; 

 

  1               Km        1              1 
             =                   +         (7.6) 

Vmax

 v              Vmax     [S]           Vmax 
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 A double reciprocal plot of 1/v versus 1/[S] yields a straight line from which Km and 

Vmax are readily determined as indicated in the Figure 7.2. 

 

                                                                              v 

 1/v 

 
Slope =Km / Vmax 

 

        intercept =1/ Vmax 

                                                                               

intercept = -1/Km                                                       1/[S]                                                                            [ET] 

     

Figure 7.2: Lineweaver-Burk Plot      Figure 7.3 

 

 It is apparent from the equation 7.1 that the rate of the enzymatic reaction should be 

proportional to the enzyme concentration as long as substrate is in excess (Figure 7.3). 

 

The rate of the reaction often varies with pH and temperature to give a bell shaped curve. 

These relationships are shown in figure 7.4 and 7.5. 

 

 

     v optimum pH   v  optimum temperature 

 

 

 

 

 

 pH Temp (Co) 

                     Fig. 7.4                                                           Fig. 7.5 

 

 The pH and the temperature at which maximal velocity is obtained are known 

respectively as the optimum pH and optimum temperature of the enzymatic reaction. 
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 Variation in pH leads to a number of changes such as changes in the organization of 

the substrate and/or the enzyme so that the binding of the substrate to enzyme is usually 

restricted to a fairly narrow pH range. Beyond that range the state of ionization of charged 

groups on the substrate and/or enzyme is changes significantly, so that binding of substrate to 

enzyme is impaired and the velocity of the reaction is sharply decreased. This results in a bell-

shaped curve.    

 

 A rise in temperature leads to an increase in the rate of any chemical reaction and the 

same holds true for an enzymatic reaction. Here however, this increase in rate is offset by an 

increase in the extent of enzyme denaturation. 

 In this experiment the mitochondrial enzyme succinate dehydrogenase will be used for 

measurement of enzyme kinetics.  

 Succinate dehydrogenase is located in the inner mitochondrial membrane, catalyzes 

the formation of fumaric acid from succinic acid as indicated below. 

 

 

CH2COOH    succinate dehydrogenase        H               COOH 
            +    FAD                                                                   C                        +  FADH2 
CH2COOH                                                                                                                     (reduced) 
             Flavin adenine     C 
Succinic dinucleotide          HOOC               H 
    acid 
 Fumaric acid 
  

 

 It is a dehydrogenation reaction of citric acid cycle that involves FAD (Flavin adenine 

dinucleotide) instead of pyridine nucleotides NAD+ (Nicotine amide adenine dinucleotide). 

 

 In this work FAD will be replaced by potassium ferricyanide as the electron acceptor. 

Electron transport to a site just before cytochrome c1 can be estimated by observing the 

reduction of yellow ferricyanide ions to colorless ferrocyanide ions in a colorimeter at 420 nm 

with respect to time. As mentioned before in all enzymatic processes the rate of the reaction 

depends on the concentration of the enzyme and of its substrate concentration if all other 

conditions are constant. If enzyme concentration is constant and substrate concentration is 

increased then the rate will increase in a hyperbolic fashion eventually reaching a maximum 
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rate. As the reaction proceeds the substrate is consumed so that the rates are specific and are 

usually determined as initial rates.  

 

 The other marker enzymes of mitochondria are malate dehydrogenase and fumarase. 

The last reaction of citric acid cycle is catalyzed by the enzyme “malate dehydrogenase”. This 

is pyridine-linked dehydrogenase, uses NAD+ as a cofactor. Two forms of the enzyme exist, 

one in the mitochondria and one in the cytoplasm; both require NAD+. The mitochondrial 

enzyme is the important one in the operation of the citric acid cycle. The reaction catalyzed by 

malate dehydrogenase is the following: 

 

L-malate + NAD+   oxaloacetate + NADH, H+        ∆Go = +7.1 kcal/mole 

 

 The enzyme is stereospecific with respect to L-malate and the transfer of the hydrogen 

to the pyridine ring of NAD+. The reaction is endergonic as written but proceeds readily in 

vivo because of the rapid removal of product, NADH. 

 In this experiment the reverse exergonic reaction, conversion of oxaloacetate to 

malate, is measured using potassium ferrocyanide “K4Fe(CN)6” as electron donor instead of 

NADH+, H+. 

 Fumarase is also one of the important enzymes of mitochondria. The enzyme 

catalyzes the reaction; 

 

      Fumarase 
Fumarase  +  H2O    L-malate               ∆Go = -0.9 kcal/mole   
 
 
 Since L-malate is optically active while fumarate is not, the reaction can in principle, 

be followed by measurements of optical rotation, or enzyme can also be assayed by measuring 

the decrease in UV absorbance of fumarate while the absorbance of L-malate at this 

wavelength is negligible. 

 

MATERIALS 

 

Equipments  

 

Water baths (30oC, 45oC, 70oC), spectrophotometers (visible), quartz cuvettes. 
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Reagents 

 

Part A: 

Mitochondrial fraction from previous experiment  

30 mM Potassium phosphate buffer (pH 3.5, 6.0, 7.0, 8.5, 11.0) 

30 mM EDTA pH 7.6 (1.116 g dissolved in 100 ml water) 

30 mM K3Fe(CN)6 + 4 mM KCN  (0.99 g K3Fe(CN)6, 0.026 g KCN in 100 ml water) 

Succinate  (50 mM, 100 mM, 200 mM, 400 mM, 500 mM. For 100 mM solution, 

dissolve 1.62 g succinic acid in 100 ml water.) 

100 mM malonate  (Dissolve 0.3 g malonic acid in 20 ml water.) 

 

Part B:  

Phosphate buffer,  0.25 M (pH 7.4), 100 ml. 

Oxaloacetate,  7.6x10-3 M (pH 7.4), 100 ml. (Dissolve 0.1 g of oxaloacetic acid in 

100ml of 0.25 M potassium phosphate buffer (pH 7.4), store at 4oC. 

0.01 M K4Fe(CN)6

 

PROCEDURE 

 

 The first step is to dilute the frozen mitochondria to a concentration where the amount 

of enzyme is low enough to follow the reaction on the colorimeter. 

 

A. Succinate Dehydrogenase  

 

1. Make an initial dilution of the frozen mitochondria with 2 ml of 0.3 M phosphate 

buffer pH  7.0. Once the relative enzyme concentrations determined. The rates of the 

reactions may be determined using various concentrations of substrates as follows. 

2. Add to a test tube 

4.5 ml 30 mM phosphate buffer  pH 7.6 

2 ml 30 mM EDTA  pH 7.6 

0.4 ml 30 mM K3Fe(CN)6 + 4 mM KCN 

0.2 ml 500 mM succinate 

3. Spectrophotometer should be zeroed with blank containing everything except 

succinate. 
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4. Start the reaction by adding 0.1 ml of enzyme; mixing and taking the initial reading in 

the colorimeter at 420 nm, continue timing at the beginning at every 30 seconds, and 

after 3 minutes intervals. 

 

• Effect of Enzyme Concentration : Use the above reaction procedure to keep the 

substrate concentration constant (500 mM succinate) and vary the enzyme 

concentration by dilution with phosphate buffer. Record initial velocity at each 

enzyme concentration; draw the ∆OD vs time graph. 

 

• Effect of Substrate Concentration : Repeat the steps “a” through “d” for the different 

succinate (substrate) concentrations at fixed enzyme concentrations. 

 

• Effect of pH : Use fixed substrate and enzyme concentration, vary only the pH. Repeat 

the steps “a” through “d” at pH 3.5, 6.0, 7.0, 8.5, 11.0. 

 

• Effect of Temperature :Prepare the test tubes as before but without enzyme. 

Equilibrate the reaction mixture for 5 minutes at the indicated temperatures. 

Equilibrate the enzyme in a separate tube at room temperature. Start the reaction by 

adding 0.1 ml of enzyme as before. Repeat the reaction at 0oC, 25oC, 30oC, 45oC, 

70oC. 

 

• Effect of Inhibitor : Malonate is a classical example of a competitive inhibitor; 

inhibition is due to structural similarity of malonate with the enzyme substrate 

“succinate”. 

 

 Carry the experiment in the presence of 0.4 ml of 0.1 M malonate. 
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B. Malate Dehydrogenase  

 

1. Carefully pipette the reagents in Table 7.1 into tubes. 

 

Table 7.1 

  

                     Reagents     Volume of Reagent (ml) 

     Tube 1    Tube 2 

        0.25 M Phosphate Buffer pH 7.4       0.6 0.6 

        0.0076 M oxaloacetate                                                 0.2 0.2 

        0.01 M K4Ke(CN)6   -  0.2 

        Water 5.1 4.9 

 

 

2. Add 0.1 ml of mitochondria suspension to tube 1, cover the tube with parafilm and 

mix gently by inversion. 

3. Place the contents of the tube into a spectrophotometer cuvette, insert in the 

spectrophotometer, set the wavelength at 420 nm and zero the instrument on this 

solution. 

4. Now add 0.1 ml of mitochondria to the other tube, mix immediately by inversion and 

place it in the spectrophotometer. 

5. Measure the absorbance of cuvette “2” at 15 second intervals for 2 minutes and then at 

1 minute intervals for an additional 3 minutes. Plot absorbance A420 as a function of 

time.  

6. The enzymatic activity is calculated from the initial, linear rate of the increase in 

absorbance. 

 

 

QUESTIONS 

 

1. Why does a lowering of the EA (activation energy) of a reaction lead to an increase in 

the rate of the reaction? 
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2. The Km of an enzymatic reaction is 10-4 M. What substrate concentration is needed in 

order to attain 60 % of the maximum velocity of the reaction? 

3. Under what restricted conditions can Km be considered as a dissociation constant? 

4. How would you determine whether the decrease in activity as a function of pH is due 

to (in part at least) denaturation of the enzyme? 

 

LABORATORY REPORT  

 

1. Effect of Enzyme Concentration: 

 

∆A420Time 

(Seconds) Tube 1 Tube 2 Tube 3 Tube 4 

00     

15     

30     

45     

60     

75     

90     

120     

 

Draw the best straight line through the points. 

Determine the slope of the curves; 

Slope : ∆A420 / min (initial velocity). 

 

2. Effect of Substrate Concentration: 

 

Substrate Concentration Initial velocity (∆A420 / min) 

50 mM  

100 mM  

200 mM  

400 mM  

500 mM  
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 Attach a plot of initial velocity (ordinate) as a function of substrate concentration (abscissa). 

Attach a plot of initial velocity (ordinate) as a function of 1/substrate concentration (abscissa). 

Draw the best straight line through the points, from this plot determine; 

 

 Vmax __________________  ∆A420 / min 

  

 Km ___________________ mM 

 

3. Effect of pH: 

  

pH Initial velocity (∆A420 / min) 

3.5  

6.0  

7.0  

8.5  

11.0  

 

Attach a plot of initial velocity as a function of pH. What is the optimum pH ? 

 

4. Effect of Temperature 

 

Temperature Initial velocity (∆A420 / min) 

0oC  

25 oC  

30 oC  

45 oC  

70 oC  

 

Attach a plot of initial velocity as a function of temperature. What is the optimum 

temperature? 

 

Attach an Arrhenius plot of log initial velocity (log v as ordinate) as a function of reciprocal 

of the absolute temperature (1/T as abscissa). From this plot determine the slope; 
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  EA = _________________ cal/mole 

 

Energy of activation (EA) of the reaction can be calculated from the results by means of 

Arrhenius equation. 

 

  k = Ae –E
A

/RT

where; 

 k = rate constant 

 R = gas constant 

 T = absolute temperature 

 A = constant 

 

The rate of constant of the reaction is proportional to the velocity (v) of the reaction, since 

according to the Michealis-Menten treatment; 

 

 v = kcat [ES] 

 

kcat : Catalytic constant, and 

kcat = k2 in equation 7.1. 

 
v = kcat[ES] = A[ES]e –E

A
/RT = Be –E

A
/RT

 
where, B = constant 
 

Therefore,  

     EA EA 
log v = log B + (- )                 log v = logB -  

2.303 RT                                             2.303 RT 
 
 

The velocity of the reaction ( rate of the reaction) in the experiment is equal to the change in 

absorbance per minute, that is ∆A420/min. The energy of the activation can be calculated from 

the slope of the line obtained by plotting log as a function of 1/T (an Arrhenius plot) ; the 

slope of this line is given by; 

  EA
                slope =     -   
                                      2.303 R 
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EXPERIMENT 8 

 

PREPARATION & PROPERTIES OF DNA  

 

INTRODUCTION 

 

Nucleic acids are the macromolecules that carry genetic information  in all prokaryotic 

and eukaryotic organisms and are responsible for the transmission of the information for 

the synthesis of proteins. There are two kinds of nucleic acids ; those containing ribose 

sugar, ribonucleic acids (RNA) and those containing deoxyribose sugar, 

deoxyribonucleic acids (DNA); both of them are polymers of nucleotides that are formed 

between 5’ phosphate of the nucleotide and 3’ hydroxyl group of the sugar of the 

adjacent one. In this experiment the properties of DNA is discussed. 

 

All cellular DNA consist of two very long helical polynucleotide chains coiled around a 

common axis. The purine and pyrimidine bases of DNA carry genetic information, 

whereas the sugar and phosphate groups perform a structural role. The DNA molecules of 

at least some cells, probably exceed 109 daltons in molecular weight, but they are less 

subject to chemical degradation than RNA. The deoxyribonucleases (DNases) like 

ribonucleases are abundant in nature and precautions must be taken to prevent their 

action during purification. For large DNA molecules shear forces are an important cause 

of degradation. The largest DNA molecules can be sheared simply by stirring the solution 

with a glass rod. For this reason most studies on DNA have been carried out on 

molecules of mass less than 107 daltons/mole. Fortunately, many significant properties of 

DNA can be investigated with preparations containing molecules in that size change. 

 

A distinctive property of DNA is its behaviour upon denaturation. The native form of 

cellular DNA is a highly ordered, helical, double stranded structure. The change from the 

native to the denatured form is known as a “Helix-coil transition”. DNA may be 

denatured by high temperatures, extremes of pH or the addition of reagents such as urea 

and formamide. When the native structure of double-stranded DNA is disrupted, large 
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changes occur in optical properties and in its molecular dimension. These changes are 

most conveniently observed by absorbancy measurements at 260nm and by viscometry 

respectively. When DNA is denaturated, the bases become “unstacked” or at least less 

stacked. The ultraviolet absorbance increases, pproaching but never equalling the 

absorbance of a mixture of deoxynucleotides of the same composition as that found in the 

DNA being denatured. The increase in absorbance is known as a “hyperchromic shift”. 

 

PART 1. ISOLATION OF DNA 

 

A) Isolation of Plant DNA From Fresh Tissue (CTAB Isolation Method) 

 

All glasswares and utensils which will come in contact with the DNA preparation should 

be rinsed with 0.001 M EDTA or ethyl alcohol, if possible autoclaving could be done. 

 

1. Preheat 5 to 7.5 ml of CTAB isolation buffer [ 2% (w/v) CTAB (Sigma), 1.4 M 

NaCl, 0.2%(w/v) 2-mercaptoethanol, 20 mM EDTA, 100 mM Tris-HCl, (pH 8.0)] 

in a 30-ml glass centrifuge tube to 60°C in a water bath. 

2. Grind 0.5 to 1.0 g of fresh leaf tissue (grass, wheat, tobacco,..) to a powder in 

liquid nitrogen in a chilled mortar and pestle. 

3. Scrape the powder directly into preheated CTAB buffer and swirl gently to mix. 

Comment: Alternatively, fresh tissue may be ground in CTAB isolation buffer at 

60 °C in a preheated mortar. 

4. Incubate the sample at 60°C for 30 minutes with optional occasional gentle 

swirling. 

5. Extract once with chloroform:isoamyl alcohol (24:1;v:v), mixing gently but 

thoroughly. 

6. Centrifuge at (1600xg) in a clinical centrifuge at room temperature for 10 minutes 

to concentrate phases. 

7. Remove the aqueous phase with a wide-bore pipet, transfer to a clean centrifuge 

tube, add 2/3 volumes of cold isopropanol, and mix gently to precipitate the 

nucleic acids. 
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Comment: In some cases, this stage yields large strands of nucleic acids that can 

be spooled with a glass hook. Generally, the sample is either flocculent or cloudy. 

If no evidence of precipitation is observed at this stage, the sample may be left at 

room temperature for several hours to overnight. This is one convenient stopping 

place, in fact, when many samples are being prepared. In nearly all cases, there is 

evidence of precipitation after the sample has been allowed to settle out in this 

manner. 

8. Recover the nucleic acids by one one of the following options: 

a. If strands of DNA are visible, spool the nucleic acids with a glass hook 

and transfer to 10 to 20 ml of wash buffer [76%(v/v) ethanol, 10 mM 

ammonium acetate]. 

b. If the DNA appears flocculent, centrifuge at (500xg) for 1 to 2 minutes. 

Gently pour off as much of the supernate as possible without losing the 

precipitate, which will be a diffuse and very loose pellet. Add wash buffer 

directly to the pellet and swirl gently to resuspend the nucleic acids. 

c. If the precipitate is not obvious, centrifuge the solution at higher speeds. 

This will generally result in a hard pellet or, with small amounts, a film on 

the bottom of the tube that may contain more impurities. Such pellets are 

difficult to wash, and may require stirring with a glass rod to promote 

washing. 

Comment: The nucleic acids generally become much whiter when washed, though 

some color may still  remain. 

9. Centrifuge at (1600 x g for 10 minutes) or spool the nucleic acids with a glass 

hook after a minimum of 20 minutes of washing. 

Comment: The washing step is another convenient stopping point. Samples can be 

left at room temperature in wash buffer for at least two days without noticeable 

problems. 

10. Pour off the supernate carefully and allow the pellet to air dry briefly at room 

temperature. 

Comment: Gel electrophoresis of the nucleic acids at this step often reveals the 

presence of visible bands of rRNAs, as well as high molecular weight DNA. 
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11. Resuspend the pellet in 1 ml TE [10 mM Tris-HCl (pH 7.4), 1 mM EDTA] 

containing Rnase A (final concentration;10 µg/ml) and incubate for 30 minutes at 

37°C. 

12. Dilute the sample with 2-volumes of TE and add 7.5 M ammonium acetate 

(pH7.7) to a final concentration of 2.5 M and 2.5 volumes of cold ethanol. Gently 

mix to precipitate the DNA. 

Comment: DNA at this stage usually appears cleaner than in the previous 

precipitation. Dilution with water or TE is helpful, as it is found that precipitation 

from a 1 ml total volume often produces a gelatious precipitate that is difficult to 

pellet and dry adequately. 

13. Centrifuge the DNA at 10,000xg for 10 minutes in a refrigerated centrifuge. 

14. Pour off the supernate and air dry the sample and resuspend in 100 µL TE buffer. 

15. Store the isolated genomic DNA at - 20°C for further use. 

 

B) Isolation of DNA from E.coli 

 

a) Preparation of E.coli culture: 

 

 50 ml of culture of E.coli (Suc+, Thr+, Leu+) has been prepared. Three markers of 

the donor which were used in transformation studies have been checked before 

use. 

 2 x 500 ml Luria Broth (LB) has been inoculated with overnight culture (25 ml 

inoculum for each) and incubated at 37 °C for 22 hours. 

 

b) Isolation of E.coli DNA: 

 

1. Centrifuge 1000 ml of E.coli culture at 6,000 rpm for 15 minutes in Sorvall. 

Approximately 2 g wet packed cells are harvested. 

2. Wash 2 g wet cells with 50 ml saline-EDTA solution by centrifugation at 4,000 

rpm for 10 minutes. 

3. The cells are suspended in a total volume of 25 ml saline-EDTA. 
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4. Lyse the cells by adding 5 ml of 10% SDS (sodium dodecyl sulfate anionic 

detergent), and place the system in a 60 °C waterbath for 10 minutes. 

5. Cool to room temperature, add 8.0 ml of 5 M sodium perchloride and bring the 

volume to 40 ml with distilled water. 

6. Shake the whole mixture with an equal volume of chloroform-isoamyl alcohol (40 

ml) in a flask at low speed for 30 minutes. 

7. The resulting emulsion separated into 3 layers by a 5 minutes centrifugation at 

5,000 to 10,000 rpm in the Sorvall. The upper aqueous phase contains the nucleic 

acids and carefully pipetted off into 250 ml beaker. 

8. The nucleic acids are precipitated by gently layering approximately 2 volumes of 

ethyl alcohol on the aqueous phase. 

9. When these layers are gently mixed with stirring rod, the nucleic acids are 

“spooled” on the rod as a thread-like precipitate and are easily removed. The 

precipitate is drained free of excess alcohol by pressing the spooled rod against 

the vessel. The precipitate is then transferred into 2 ml sterile TEN buffer and 

kept in refrigerator until use. 

10. Further purification can be carried on part of DNA solution in TEN buffer. To 0.4 

ml of DNA solution , add equal volume of isoamyl alcohol (0.4 ml) and 

centrifuge at 5,000 rpm for 15 minutes. Remove the supernatant and add 2 

volumes of 95% ethyl alcohol gently forming a second layer. Collect the thread-

like DNA precipitate on a rod as before and resuspend in TEN buffer. 

 

PART 2. CHARACTERIZATION OF DNA 

 
PROCEDURE 

 
A) Determination of Concentration of DNA  

 
Calculate the concentration of DNA in the stock solution spectrophotometrically. This 

can be done if the extinction coefficient is known and Beer’s law is obeyed. For example 

for double stranded DNA O.D.260 = 1 corresponds to 50 µg/ml, so concentration is easily 
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calculated. Or you can calculate the concentration by using the extinction coefficient a260 

= 20 cm2mg-1. 

The yield of isolation is determined according to the formula: 

Yield (µg) = (Total sample volume) x (concentration) 

Purity of the sample is determined according to the formula: 

Purity = A260 / A280 

If this ratio is 1.8, the sample is pure. If the ratio is higher or lower than 1.8 there is a 

contamination (e.g. protein contamination). 

 

1. Record absorbances of your DNA at 260 nm and 280 nm by adding 5 µL 

DNA sample to 995 µL of TE buffer. Use quartz cuvettes. 

2. Calculate purity, concentration and yield of your sample. 

 

B) Determination of Thermal Denaturation Temperature of DNA (Tm value) 

 

The O.D.260nm of DNA increases if the DNA is heated through a particular temperature 

range. This is called hyperchromicity, and it is a measure of denaturation or a helix-coil 

transition and results from the unstacking of the DNA bases associated with the 

continuous separation at the two polynucleotide strands. The thermal stability of DNA 

increases with Guanine-Cytosine (GC) content. Hence a Guanine-Cytosine base pair is 

probably hydrogen bonded more strongly than an Adenine-Thymine pair. 

 

The melting temperature (Tm) value of a DNA is the mid-point of the temperature range 

over which the DNA strands separate during heating and observing the hyperchromic 

effect. Tm represents the point at which 50 % of the strands are denatured. Because G-C 

pairs have one more H bond, they are more stable to heat treatment compared to A-T 

base pairs. Thus, DNA with higher G-C content requires higher temperature to denature 

completely. % (G+C) of a DNA sample can be calculated according to the formula: 

 

%(G-C) = (2.5)(Tm – 70)  
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1. Prepare a quartz cuvette containing 1 ml of saline-citrate solution (0.15 M NaCl, 

0.015 M sodium citrate, pH:7.0) and 20 µg/ml DNA sample. 

2. Place the cuvette in the spectrophotometer chamber. Set the wavelenght of 

spectrophotometer to 260 nm. Set the temperature of water bath which is 

connected to the chamber to 20°C, leave for 5 min, read the absorbance, and 

record. 

3. Take absorbance values from 20°C to 90°C in 10°C intervals by setting 

temperature to the value, letting 5 min for stabilisation and recording absorbance. 

4. Also read absorbances of your DNA sample which is waited in ice (0°C) and 

boiling water-bath (100°C). 

5. Draw Abs260nm vs. Temperature(°C) graph for your DNA sample and calculate the 

Tm value from your graph. 

 

C) Absorbance as a Function of pH 

 

The disruption of DNA secondary structure by pH extremes can be observed in a plot of 

absorbance in the ultraviolet versus pH. However, the observation is complicated by the 

changes in the spectra of individual nucleotides upon protonation or deprotonation and by 

DNA precipitation at low pH. Precipitation cannot be completely prevented for the low 

pH samples, but rapid mixing can reduce it. 

 

1. Dilute an aliquot of your stock DNA solution to give 25 ml of 0.3 mg/ml DNA in 

TKC buffer.  

2. To 15 test tubes in an ice bath add TKC, KC-base and KC acid in the amounts 

listed in the table below. 

3. Mix the tube contents and add 1 ml of DNA solution to each. 

4. Also prepare another set of 15 tubes in which TKC is substituted for DNA 

solution (spectrophotometric blanks). There will be a small changes in absorbance 

due o the different buffer compositions, so a blank at each pH is necessary. 

5. Incubate the tubes together at 30oC for 15 minutes and then at room temperature 

for 10 minutes. 
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6. Read each DNA tube at 260 nm against its corresponding blank. 

7. Measure the pH of each DNA solution and plot A260 nm versus pH. 

 

 

 Tube 

no 

ml 

TKC* 

ml 

KC-

acid** 

ml 

KC-

base*** 

ml TKC 

or 

ml DNA#

Approx. 

pH 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

- 

4.00 

5.80 

6.70 

7.20 

7.65 

8.35 

9.00 

8.15 

7.80 

7.40 

7.00 

5.70 

1.80 

- 

9.00 

5.00 

3.20 

2.30 

1.80 

1.35 

0.65 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.85 

1.20 

1.60 

2.00 

3.30 

7.20 

9.00 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.6 

2.0 

2.5 

3.0 

3.5 

4.0 

5.0 

7.0 

9.0 

10.0 

11.0 

11.5 

12.0 

12.5 

12.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* TKC : 0.15 M KCl, 0.002 M EDTA, 0.015 M tris, 0.015 M potassium citrate, pH:7.0. 

** KC-acid : 0.10 M HCl, 0.05 M KH2PO4, 0.015 M citric acid, 0.03 M K2SO4. 

*** KC-base :0.10 M KOH, 0.01 M tripotassium citrate, 0.02 M potassium borate, 0.03 

M potassium glycinate, 0.01 M K2CO3. 

# DNA concentration 0.3 mg/ml. 
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D) Reversibility of DNA Denaturation 

When DNA is denatured by conditions that are not too severe, a partial renaturation is 

possible.  

a.    1. Add 0.6 ml of TKC buffer to 1.2 ml of 2.5 mg/ml DNA solution in an ice bath.  

 2. Heat a 0.3 ml aliquot to 100oC for 5-7 minutes and cool it rapidly on ice.  

 3.  Dilute the solution with TKC buffer and measure the A260.  

b.   1.  Heat a 0.6 ml aliquot in a tube tightly covered with Parafilm or in a screw cap vial 

to    100oC for 5-7 minutes. (5-7 minutes are required for complete separation of 

the DNA strands). 

2.  Allow the solution to cool slowly by shutting of the water bath and leaving the 

tube in the bath as it cools. Alternatively, the heated DNA solution may be 

transferred to a 73-78oC water bath and be held in that temperature range for 1-2 

hours. 

3.  Dilute this sample with TKC buffer, to the same extend as the previous samples 

and measure the A260. 

 

E) Hydrolysis of DNA 

a. 1. Add 0.6 ml of a 0.18 M HCl with rapid mixing to 1.2 ml of 2.5 mg/ml 

DNA solution in an ice bath.  

2. Withdraw a 0.6 ml aliquot of the DNA-HCl solution and hydrolyze it at 

100oC for 40 minutes in a marble capped tube.  

3. Cool the solution and add 0.2 ml of 0.18 M KOH. 

4. Titrate the neutralizate to pH 11.0 – 11.5 (by testing micro-droplets on pH 

paper) with 3.6 M KOH, to prepare it for base ratio analysis by paper 

chromatography as described below.  

b. 1.  Add 0.6 ml of 0.18 M KOH with rapid mixing to 1.2 ml of 2.5 mg/ml DNA    

solution at 0oC.  

2. After 15 minutes hydrolyze a 0.3 ml aliquot of DNA-KOH solution at 

100oC for 2 minutes and adjust the pH to 11.0 – 11.5 with 0.18 M HCl to prepare 

the sample for paper chromatography. 
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F) Paper Chromatography 

1. Spot 0.2 ml of each of the two DNA partial hydrolysates on Whatman No:1 

chromatography paper. 

2. Apply 0.05 – 0.07 ml of each adenine, guanine, cytosine and thymine (5 mg/ml in 

0.02 M KOH) as standards. 

3. A single dimensional chromatography in either the descending or ascending mode 

in water saturated butanol:concentrated ammonia (99:1) is carried. It takes 40-48 

hours for the development of the chromatogram. 

4. Dry the paper, mark the fluorescence-quenching spots under the ultraviolet light 

and record the Rf values.  

5. Cut out the spots for the low pH at 100oC, 40 minutes hydrolysis. And also 

corresponding unquenched regions of the paper provides spectrophotometric 

blanks. 

6. Place the paper in conical centrifuge tubes and add 4.0 ml of 0.05 M HCl.  

7. Stir the suspensions for 15 minutes and pack down the paper by centrifugation. 

The molar extinction coefficients at maximum absorbance and the ratios of 

absorbance at 280 nm are given in the table.  

 

 

Base pH λmax εmax  (M.cm-1) A280 /A260

Adenine 

 

Cytosine 

 

Guanine 

 

Thymine 

 

Uracil 

1 

7 

1 

7 

1 

7 

1 

7 

1 

7 

262.5 

260.5 

276.0 

267.0 

276.0 

276.0 

264.5 

264.5 

259.5 

259.5 

13,200 

13,400 

10,000 

6,100 

7,350 

8,150 

7,900 

7,900 

8,200 

8,200 

0.38 

0.13 

1.53 

0.58 

0.84 

1.04 

053 

0.53 

0.17 

0.17 
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G) Checking the MW of Nucleic Acids by Agarose Gel Electrophoresis 

 

Agarose gel electrophoresis is a simple and highly effective method for separating, 

identifying and purifying DNA fragments. Voltage applied at the ends of an agarose gel 

generates an electric field. DNA molecules exposed to this electric field migrate toward 

the anode doe to the negatively charged phosphates along the DNA backbone. It is the 

size of the DNA that determines the rate at which it passes through the gel; large 

molecules move slowly. Molecules of linear duplex DNA travel through the gel matrices 

at a rate that is inversely proportional to the log10 of their molecular weight. The 

molecular weight of a fragment of interest can be determined by comparing its mobility 

to the DNA standards of known molecular weights. 

 

Parameters affecting the migration of DNA through agarose gels; 

i) Agarose concentration: it plays an important role since agarose concentration 

determines the size range of DNA molecules that can be adequately resolved. 

Low agarose concentrations are used to separate large DNA fragments, while 

high agarose concentrations are used to separate small DNA fragments. 

ii) Applied voltage: DNA fragments travel through agarose at a rate that is 

proportional to the applied voltage. 

iii) Electrophoresis buffers: two most commonly used buffers are TAE (Tris 

acetate) and TBE (Tris borate). They have different applications. 

iv) DNA conformation: closed circular (Cc), nicked circular (Nc), and linear (L) 

circular duplex DNA of the same molecular weight migrates at different rates. 

Cc moving fastest, followed by Nc and L forms. 

 

1. Weigh the appropriate amount of electrophoresis grade agarose in an erlenmayer 

flask to prepare 0.6% agarose in TBE(0.5X) buffer. 

2. Boil the content for several minutes. 

3. Wait for cooling of agarose solution, and add 1 µg/mL of Ethidium Bromide 

(mutagenic, be carefull !) 

4. Pour the gel into the gel mold established with its comb and sealed. 
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5. Wait for 15 min for solidification of the gel. 

6. Remove the comb, place the mold in the electophoresis apparatus, cover it with 

TBE(0.5X) buffer. 

7. Prepare sample on Parafilm by mixing 3µL of loading buffer with 5µL of your 

nucleic acid sample (or any sample provided additionally). Apply into the wells 

with a micropipette carefully. 

8. Connect the power supply, apply 60V and run the gel until the bromophenol blue 

dye (tracking dye) reaches the end of the gel. 

9. Visualize the nucleic acids under UV light, photograph it. 

 
Figure 8.1. Nucleic acids visualized under UV light. 

 

MATERIALS 

 

Equipments 

* Mortar and pestle  * Water-bath      

* Centrifuge tubes  * Centrifuge (up to 10,000 x g) 

* Wide-bore pipette tips  * Pipette and Micropipette 

* Chromatography tank  * Chromatography paper (Whatman No.1) 

* UV light lamp   * UV Spectrophotometer 

* Quartz cuvettes  * Parafilm  

* Power supply   * Incubator 
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* Spatula   * Glass hook or glass rod 

* pH paper   * Ice & Ice bucket 

* Agarose Gel Electrophoresis Apparatus  

 
Figure 8.2. Agarose gel electrophoresis apparatus. 

 

Reagents 

 

Part 1. 

* 0.5 to 1.0 g of fresh leaf tissue (grass, wheat, tobacco,..) 

* CTAB isolation buffer [ 2 % (w/v) CTAB (Sigma), 1.4 M NaCl, 0.2 % (w/v)      

2-mercaptoethanol, 20 mM EDTA, 100 mM Tris-HCl, (pH 8.0) ] 

* Liquid nitrogen 

* Chloroform:isoamyl alcohol (24:1;v:v) 

* Isopropanol 

* Wash buffer [ 76 % (v/v) ethanol, 10 mM ammonium acetate ] 

* TE buffer [ 10 mM Tris-HCl (pH 7.4), 1 mM EDTA ] 

* Rnase A 

* 7.5 M ammonium acetate (pH7.7) 

* Molecular biology grade pure ethanol 
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Part 2. 

* Saline-EDTA solution    0.15M NaCl, 0.1M EDTA (pH 8.0) 

EDTA and/or high pH inhibit Dnase 

activity. 

*          SDS-sodium perchloride  10% SDS in 5 M sodium perchloride (w/v)               

The high salt concentration provided by the 

perchlorate helps dissociation of proteins 

from nucleic acids. 

* Chloroform:isoamyl alcohol   (24:1;v:v).  

The chloroform causes surface denaturation 

of proteins. Isoamyl alcohol reduces 

foaming, aids the separation and maintains 

the stability of the layers of the centrifuged 

and deproteinized solution. 

* Ethyl alcohol 95 %   Used to precipitate nucleic acids following  

      deproteinization. 

* Concentrated  

saline-citrate solution   1.5M NaCl, 0.15M trisodium citrate 

The concentrated solution is used to bring 

the dilute saline-citrate solution in which the 

nucleic acid is dissolved, up to saline-citrate 

concentration. 

* Saline-citrate solution   0.15M NaCl, 0.015M tri-Na citrate (pH 7.0) 

* Dilute 

 saline-citrate solution   0.015M NaCl, 0.0015M trisodium citrate 

DNA dissolves more readly in dilute salt 

solutions. 

* TEN buffer    0.02M tris “hydroxy methyl amino  

methane”, 1mM EDTA “ethylene diamine 

tetra acetic acid”, 0.02M NaCl. (pH 8.0). 
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Media for E.coli 

 

* Sodium chloride  10 g 

* Tryptone   10 g 

* Yeast extract   5 g 

* Distilled water   1 lt 

Autoclaved at 121°C for 15 minutes. pH : 7.2 

 
Paper Chromatography 

 

* Chromatography paper   “Whatman No.1” 

 

* Solution   Water saturated butanol:concentrated ammonia 

    (99:1;v:v). 

 

or in two separate tanks, carry the chromatography 

using two different solvents. 

 

i) isobutyric acid: 0.5M NH3 : 0.1M EDTA (v:v:v) 

(         100    :      60 : 1.6 ) 

ii) 600 g (NH4)2SO4 + 20 ml n-propanol to 1 lt of 

0.05M KH2PO4, 0.05M K2HPO4

 

Checking the MW of Nucleic by Agarose Gel Electrophoresis 

 

* Agarose Gel Electrophoresis Apparatus * Parafilm 

* Micropipettes     * Loading dye 

* Agarose     * Ethidium bromide 
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QUESTIONS 

 

1. In the isolation procedure in which step and how the other macromolecules are 

separated from nucleic acids? 

 Polysaccharides 

 Lipids 

 Proteins 

2. Calculate the amount of DNA in your sample? (Use the extinction coefficient) 

3. What is the purity of your sample? 

4. Draw a graph of absorbance at 260 nm versus temperature of your sample. Determine 

Tm and calculate the percentage of G-C content using the formula: %(G-C) = (2.5)(Tm – 

70) where Tm is in °C unit and (G-C) is the fraction of Guanine and Cytosine. If another 

sample has a Tm of 10 degrees higher than your sample, compare the G-C contents of 

these two DNAs. 

5. During DNA denaturation in the Tm experiment, the absorbance of sample increases 

with the increasing temperature. This is called hyperchromic effect. What is the effect of 

temperature on the structure of DNA to change its absorbance? 

6. Define Tm. 

7. Which DNA bonds are most labile in acid? In base? At neutral pH? Give your 

experimental evidence. 

8. What changes in DNA structure contribute to the changes in A260nm with varying pH? 
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EXPERIMENT 9 

 

PREPARATION AND HYDROLYSIS OF YEAST RNA 

 

INTRODUCTION 

 

The primary structures of both DNA and RNA are linear sequences of nucleotides linked 

by phosphodiester bonds. The two polymers are universally present in cellular organisms 

but in cells with nuclei most of the DNA in the nucleus. In contrast RNA molecules are 

more abundant outside, most of the RNA (80-90 %) in a typical cell is contained in the 

ribosomes, and metabolically less stable than DNA. 

 

The RNA molecules are lower in molecular weight, single stranded and generally 1200 

nucleotides for the small RNA pieces to 3500 nucleotides for the large pieces in various 

organisms. In this experiment RNA will be isolated from yeast and the base ratios 

estimated by both paper and column chromatography procedures. Yeast was chosen 

because of the high RNA:DNA ratio 30:1 or 50:1 of this organism makes removal of  

DNA from RNA preparation unnecessary. Since nonspecial fractionation is carried out, 

the RNA isolated is mostly ribosomal RNA. 

 

In this experiment hot detergent will be employed to release the RNA from the cells. The 

detergent SDS (sodium dodecyl sulfate) has a low affinity for RNA but forms complexes 

with many proteins and lipids. In the presence of salt alcohol RNA precipitates, but most 

of the SDS-denaturated proteins and lipids remain in solution. certain carbohydrates also 

precipitate and significantly contaminate the RNA. A second precipitation from alcoholic 

solution removes some of the contaminants. 

 

In the experiment base catalyzed hydrolysis procedure for degradation of RNA is used. 

RNA is degraded to 2’, 3’ nucleotides. DOWEX* 1 (it is a high quality anion resin with 

very good mechanical and chemical resistance) or similar anion exchange resin is used 

for chromatographic separation and estimation of nucleotide concentration. The 
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nucleotides will be eluted by solutions of successively lower pH and higher salt 

concentration. The order of elution can be partially predicted from the known pKa’s of 

about 0.9 and 6.2. In acid the bases of C, A and G can be protonated. Protonation at low 

pH introduces a positive charge into the ring structure. As the pH is increased N1 

hydrogen of G and the N3 hydrogen of U dissociates with pKa’s of 9.4 and 9.5 

respectively introducing a negative charge. So the nucleotides will be eluted by solutions 

of successively lower pH and higher salt concentration. 

 

The concentrations of RNA and nucleotides will be estimated spectrophotometrically in 

the ultraviolet and also at 660 nm after reaction with orcinol in acid. Aldopentoses are 

converted to furfurol in strong acid at high temperatures and the furfurol reacts with 

orcinol to form a mixture of complex colored products. Ribose forms a colored product 

with orcinol in acid only if carbon one is present as a free aldehyde under the conditions 

of the assay. 

 

PROCEDURE 

 

A) Preparation of Yeast RNA 

 

Add to a 2 L beaker 250 ml of a solution containing 20 g/L SDS, 45 ml/L ethanol, 0.0125 

M NaH2PO4, 0.0125 M Na2HPO4. Heat the solution to boiling and add 75 g of finely 

crumbled bakers yeast cake with continuous stirring. Hold the suspension at 95°C for 3 

minutes after the addition of the yeast and then cool it to 4 °C in a period of 4-8 minutes 

in a dry ice and acetone (or isopropanol) bath. Centrifuge the mixture at 10,000xg for 10-

20 minutes and pour the supernatant liquid into two volumes of 95% ethanol at 0°C. 

Collect the precipitate which forms by centrifugation at 10,000xg and suspend it in 75 ml 

of 67% ethanol. Add 10 drops of 2 M NaCl to the suspension and collect the precipitate 

by centrifugation. Repaet the ethanol – NaCl wash step. Suspend the washed precipitate 

in 75-100 ml of  80% ethanol. Stir the suspension for one hour at 0°C- 5°C and store in 

the refrigerator until the next laboratory period. 
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Collect the precipitate by centrifugationh and dissolve it in 90 ml of water. Adjust the pH 

to 7 with 1 M acetic acid and remove any insoluble material by centrifugation for 30 

minutes at 30,000xg. Add solid NaCl to a final concentration of 1 M and one volume of 

95% ethanol. After 30-45 minutes at 0°C, collect the precipitate in 10 minutes at 

10,000xg and wash it with ethanol-NaCl as above. Remove as much of the wash solution 

as possible and dissolve the precipitate in 10 ml of water. Remove any undissolved 

residue by centrifugation at 30,000xg. 

 

B) Alkaline Hydrolysis of RNA 

 

Succeding experiments should be carried out either with the RNA solution prepared 

above or with 2 ml of  a solution of commercial yeast RNA (8 mg/ml) which will be 

supplied. Dilute a small aliquot of the RNA solution with 99 volumes of 0.01 M NaOH. 

From this solution prepare a series in which each succeding solution is diluted to one 

third of its original concentration with 0.01 M NaOH. Measure the A260 and A280 of the 

diluted solutions and calculate the RNA concentration of original by using  

 

A260 = 28cm2 mg-1. Does the A260 / A280 ratio have a value expected for RNA? 

 

Dilute the stock RNA solution to 8 mg/ml. Add 0.75 ml of 2 M KOH (standardized) to 

1.5 ml of 8 mg/ml RNA solution in a capped tube and incubate it at 37°C. Store the 

remanining RNA solution frozen. After the solution has been incubated at 37°C for 18-20 

hours, as instructor will transfer the tube a refrigerator. 

 

At the beginning of the next laboratory period, add 0.2 ml of 5.8 M perchloric acid (PCA) 

to the hydrolysate. Check the pH by withdrawing a microdroplet and applying it to pH 

paper. At 0.6 M PCA dropwise (usually less than 5 drops) until the pH is between 3 and 5 

(but not below 3). Cool the neutralized hydrolysate in an ice bath and remove the KClO4 

precipitate which forms by centrifugation. The supernatant nucleotide solution is now 

ready for analysis by column and paper chromatography. Remove KClO4 after adding 

just 0.2 ml of 5.8 M PCA. 
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C) Ion Exchange Chromatography 

 

Wash and convert DOWEX 1-X8 resin (100-200 mesh) to the formate form as follows: 

wash the resin with several volumes of 2 M HCl, than with water. Wash with 2 M NaOH 

until the wash liquid gives no longer a positive Cl- test ( 1 drop of wash liquid in 10 drops 

of AgNO3-NO3 solution). Wash with water and then 2 M formic acid until the pH is less 

than 3. Wash with water. If the water is still colored after a few rinses, repeat the acid-

base washing cycle, including an acetone wash step, if necessary. Wash with 0.1 M 

ammonium formate until the pH is greater than 5. wash the resin once with water and 

pour the column. A 0.1 M ammonium formate  wash of the column should have an A260 

of less than 0.05 when read against 0.1 M ammonium formate. An instructor will supply 

directions for pouring the resin into the specific type of glass column in use in the 

laboratory. Uniform packing of the resin is necessary if good seperation is to be achieved. 

The resin bed shoul be 6-7 cm deep. Wash the column with 50-100 ml of water before 

applying the sample. Allow the water level to drop just to the top of the resin and shut off 

the flow. Apply a volume of neutralized hydrolysate eqiuvalent to 0.25 ml of 

unhydrolyzed RNA solution (50-60 A260 units) and allow it to flow into the resin until the 

top of the resin is exposed again to the air. Save the remaining hydrolysate to check 

recovery from the column. (by measuring the A260). Wash the sample into the column 

with three 5 ml aliquots of water and at the same time begin collecting 5 ml fractions of 

effluent liquid. Use the small garduated cylinder alternatively, transferring each fraction 

to a test tube after it is collected. Continue the elution as indicated below. 

 

Eluting Solution   Volume  Compounds Eluted

 

0.1 M HCOOH   35 ml   2’,(3’)-Cytidylate 

0.5 M HCOOH   50 ml   2’,(3’)-Adenylate 

0.1 M NH4(HCOO)   30 ml   Inorganic Phosphate 

0.4 M NH4(HCOO)   55 ml   2’,(3’)- Uridylate 

2.0 M HCOOH   55 ml   2’,(3’)-Guanylate 
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The suggested volumes may not be sufficient to elute the expected compounds from 

clouds. Therefore the cloumn should be monitored during the chromatography and more 

eluting solution used where needed. Plot A260 versus effluent volume while the column is 

running. Measure the peak tubes at both 260 nm and 280 nm and make a previsional 

identification of the nucleotide in each. Estimate the number of A260 units (or A260 units 

for C ) under each peak and calculate the molarbase ratios for RNA. Measure A260 units 

for the original hydrolyzate and calculate the recovery. Save 3-4 tubes from each peak for 

assay by the orcinol reaction. 

 

The absorbancy indices for each nucleotide are given in experiment 8. 

 

D) Paper Chromatography of Nucleotides 

 

Draw a faint line ( with a graphite pencil )  8 cm from and parallel to a long side of a 

46x57 cm sheet of whatman no.1 chromatography paper. Spot 7-10 A260 units of 

neutrilized RNA hydrolzate 8 cm from the left-hand edge on the line. Spot standart 2’ 

(3’)-Adenylate (5 mg/ml). Apply upto 0.1 ml  in a 3-5 mm diameter area. Then at 2.5 cm 

intervals tothe left of the 2’,(3’)-Guanylate, -Cytidylate, -Uridylate. Draw a second faint 

line 3 cm to the left of the last spot and parallel to the short edge of the paper (i.e. 

perpendicular to the first line). Hang the paper from a through in a chromatography tank 

and allow it to equilibrate for 15-30 minutes with the solvent system; isobutyric acid: 0.5 

M NH3: 0.1 M EDTA (100: 60: 1.6). Add some of the same solvent system to the through 

to begin the separation by the descending mode. The relative migration rates are in the 

order U  G  C  A. 

 

An instructor will remove the paper from the tank after 19 hours and then dry it. He will 

spot a mixture of 2’,(3’)-Guanylate, 2’,(3’)-Uridylate at the place where the hydrolysate 

was originally spotted and cut off the strip on which the first set of standards were 

separated. The cut edge will be serrated, and nucleotides will separated in the second 

dimension in a period of 13-14 hours. The solvent for the second dimension is prepared by 
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adding 600 g (NH4)SO4 + 20 ml n-propanol to 1 L of 0.05 M KH2po4, 0.05 M K2HPO4. 

The relative migration rates are in the order of A  G  U  C. 

 

Filterpaper shows a blue fluorescence under ultraviolet light, but ultraviolet absorbing 

substances can quench the fluorescence and appear as dark spots. Mark the chromatograms 

under ultraviolet light (wear protective glasses) and diagram them. Identify spots from 

hydrolysate and record the Rf ‘s. Cut out the spots corresponding to A G C and U allowing 

a 2 mm margin outside the dark areas seen under UV light. Cut out other “spots” of simillar 

area from fluorescent regions of the paper to serve as spectrophotometric “blanks”. Place 

the papers in conical centrifuge tubes. Add 4 ml of 0.05 M HCl to each tube and stirr the 

suspensions for 15 minutes. Pack down the paper by centrifugation and transfer the 

supernatant liquids to cuvets for absorbancy measurements at 260 nm (280 nm for C). 

Calculate the molar base ratios. How do these results compare with the column 

chromatography data. 

 

E) Orcinol Reaction 

 

To a 1.5 ml solution containing 0.03 to 0.02 µmole of  aldopentose derivative, add 3 ml of 

0.5 mg/ml FeCl3 in concentrated HCl and 0.2 ml of 60 mg/ml orcinol in 95% ethanol. Mix 

the solution, cap the tube with a marble, and heat in a boiling water bath forr 20 minutes. 

Cool the tube and analyze the solution in a colorimeter at 660 nm. A 0.15 mM arabinose 

solution will be supplied as an aldopentose standard. Design and carry out an orcinol 

analysis of your four separated nucleotides, RNA hydrolysate and unhydrolysate stock 

RNA using an appropriate series of arabinose concentrations to produce the standard curve. 

Remember that the solutions to be assayed must contain 0.03 to 0.2 µmole of aldopentose 

in 1.5 ml. 

 

Usually only the “peak tubes” from the column separation will have enough material to 

give a meaningful absorbance. Which nucleotide(s) yield the most orcinol color? What 

does this tell you about the relative stability of the N-glycosidic linkage of the four 

nucleoside bases? How will base ratios affect the color yield from an RNA? 
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MATERIALS 

 

Equipments 

* Whatman  No.1 chromatography paper * UV light lamp 

* Chromatography column 46 x57 cm  * Dark room or dark box 

* Chromatography tank    *  UV Spectrophotometer 

* Centrifuges of up to 1L capacity 

Reagents 

 

RNA preparation 

 

* SDS 20 g/L  5.5 L 

* Ethanol 95 %  (47 ml/ L) 

* 0.0125 M NaH2PO4

* 0.0125 M Na2HPO4 (Potassium salts would precipitate as potassium dodecyl 

sulfate) 

 

* Yeast cake   1.6 kg 

* Dry ice and acetone (or isopropanol) 

* Ethanol 95%  20 L 

* NaCl  2 M  100 ml 

* Acetic acid  1 M 100 ml 

* NaCl (solid)  350 g 

 

Hydrolysis and analysis of RNA 

 

* KOH  2 N  100 ml (roughly standardized) 

* NaOH  2 M  4 L 

* HCl 2 M  2 L 

* NaOH 0.01 M  500 ml 

* PCA 5.8 M  20 ml (70 % PCA diluted with an equal volume of water) 
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* PCA 0.6 M  50 ml 

* DOWEX 1-X8 75 g (100-200 mesh) 

* AgNO3-HNO3 soln. 200 ml (0.1 M AgNO3, 0.5 M HNO3) 

* HCOOH 0.1 M 1.5 L 

* HCOOH 0.5 M 2 L 

* NO4(HCOO) 0.1 M 3 L 

* HCOOH 2 M  6 L 

* HCl concentrated 250 ml 

* HCl  0.05 M  500 ml 

* Arabinose  0.15 mM 150 ml 

* FeCl3 0.5 mg/ml 1 L ( in concentrated HCl) 

* Orcinol 60 mg/ml 75 ml (in 95% ethanol) 

* Isobutyric acid : 0.5 M NH3 : 0.1 M EDTA  2 L 

  100 : 60 : 1.6 

 

* KH2PO4  0.05 M and     K2HPO4  0.05 M 3 L (to which are added 1.2 kg 

(NH4)2SO4 and 40 ml n-propanol) 

* 5 mg/ml solutions of 2’,3’ –A, -G, -C and –U in 0.1 M NH3

 

QUESTIONS 

 

1. How does salt aid the precipitation of RNA by alcohol? 

2. Why was the hydrolysis performed with KOH rather than NaOH? 

    What is the purpose of forming the precipitate upon neutralization with PCA? 

3. Which nucleosides base(s) form the N-glycosidic linkages most resisstant to acid 

hydrolysis? 
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LABORATORY REPORT 

 

1.Preparation of RNA from beaker’s yeast. 

2. Concentration of RNA solution. 

3. Profile of ion exchange chromatography of nucleotides. 
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