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BIO 222: BIOCHIMIE ANALYTIQUE 
 

IIème Partie : Enseignée par Pr GATSING Donatien 

 

 

CHAPTER 3 : BIOLOGICAL PREPARATIONS AND SEPARATION 

METHODS 

 
I –  The starting material 

 

The biochemist has a wide variety of starting material from microorganisms, 

animal tissues, and plant tissues. The choice depends on the goals of the study. The 

component or molecule desired might be from some specific part of an animal or plant. 

For example, the study might involve rat skeletal muscle, rat liver, bovine (or porcine) 

heart, pancreas, brain, or human blood or saliva, or the study might involve leaves, 

stems, flowers, roots, organ determine the kind of procedure used. 

 

II-  Cell disruption methods (cell lysis and extraction) 

1.    Mechanical physical methods  
The main principle of the mechanical disruption methods, is that the cells are being 

subjected to high stress via pressure, abrasion with rapid agitation with beads, or 

ultrasound. Some methods of disruption are cavitation, shearing, impingement, or 

combination of those. Intensive cooling of the suspension after the treatment is required 

in order to remove the heat that was generated by the dissipation of the mechanical 

energy. Some high-pressure methods can only be applied in laboratory scale, such as 

French press and Hughes press. For industrial use, the bead mill and high-pressure 

homogenizer, are suitable.  

 

1.1 Bead mill  
Bead mills have been originally used in the paint industry, and have been adapted 

for cell disruption in both small scale and large scale production. It is an efficient way 

of disrupting different microbial cells as different designs have been developed. The 

main principle requires a jacketed grinding chamber with a rotating shaft, running in its 

center (figure 2). Agitators are fitted with the shaft, and provide kinetic energy to the 

small beads that are present in the chamber. That makes the beads collide with each 

other. The choice of bead size and weight is greatly dependent on the type of cells. The 

diameter can affect the efficiency of cell disruption in relation of the location of the 

desired enzyme in the cell. The increased number of beads increases the degree of 

disruption, due to the increased bead-to-bead interaction. The increased number of 

beads, however, also affects the heating and power consumption. An optimal condition 

for bead load is considered between 80 and 85% of the free volume. The discs run at a 

speed of 1500-2250 rpm. Glass beads with a diameter greater than 0.5 mm are 

considered best for yeast cells, and diameter lesser than 0.5 mm is optimal for bacterial 

cells. The process variables are: agitator speed, proportion of the beads, beads size, cell 

suspension concentration, cell suspension flow rate, and agitator disc design. Main 

issues related to bead mills, are the high temperature rises with increase of bead volume, 

poor scale-up, and most importantly, there is a high chance of contamination.  
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Figure 2: The basic principle of a bead mill. 

 

1.2  Ultrasound  
Ultrasonic disruption is caused by ultrasonic vibrators that produce a high 

frequency sound with a wave density of about 20 kHz/s (figure 3). A transducer then 

converts the waves into mechanical oscillations through a titanium probe, which is 

immersed into the cell suspension. Such a method is used for both bacterial and fungal 

cell disruption. Bacterial cell can be disrupted in 30 to 60 sec, and yeast between 2 and 

10min. This method is usually used in combination with a chemical method (mostly 

lysis). 

 

 
 

Figure 3: Schematic representation of ultrasonic disruption. 

 

Sonication can be very effective in small scale work; however, upscaling is very poor. 

It has high energy requirements, as well as high health and safety issues, due to noise. 

It is not continuous. 

 

1.3  French press and high pressure homogeniser  
In a French press, or high pressure homogenization, the cell suspension is drawn 

through a valve into a pump cylinder (figure 4). Then it is forced under pressure of up 

to 1500 bar, through a narrow annular gap and discharge valve, where the pressure drops 

to atmospheric. Cell disruption is achieved due to the sudden drop in pressure upon the 

discharge, causing the cells to explode. This method is one of the most widely known 
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and used methods. It is mostly used for yeast cells. It is a vital unit in the dairy production 

industry, for milk homogenization. By operating the press at higher pressures, the 

number of passes of the slurry through it can be decreased in order to obtain the desired 

degree of disruption. However, the operating pressure may be limited due to the 

deactivation of certain heat-sensitive proteins, which may increase the number of 

passages required. Hence, protein release is dependent on several factors: temperature, 

intracellular location of the enzymes, number of passes, and operating pressure. The 

process is dependent on biomass concentration.  

The French press is a small scale method, whereas the homogenizer can be applied 

to a large scale production. Homogenisers can vary in design and has a high amount of 

solids, up to 50% of the feed. Heat generation is also high.  

 

 
 

Figure 4: Schematic representation of the basic principle of a French press. 

 

2. Non-mechanical physical methods  

2.1 Thermolysis  
Thermolysis has shown potential in becoming more common in large scale 

production. Periplasmic proteins in G(-) bacteria are released when the cells are heated 

up to 50 ºC. Cytoplasmic proteins can be released from E. coli within 10min at 90 ºC. 

Improved protein release has been obtained after short high temperature shocks, than 

when at longer temperature exposures at lower values. Unfortunately, the results are 

highly unreliable, as the protein solubility changes with temperature fluctuations.  

Freezing and thawing of a cell slurry can cause the cells to burst due to the 

formation and melting of ice crystals. Gradual freezing, leading to the formation of 

larger crystals, can cause an extensive damage to the cell. By combining this method 

with cell grinding, this technique has shown great results. However, it is very costly, 
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and restricted to small-scale laboratories. Some reports have also shown loss of enzyme 

activity.  

 

2.2  Decompression  
During explosive decompression, the cell suspension is mixed with pressurized 

subcritical gas for a specified time, depending on the cell type. The gas enters the cell 

and expends on release, causing the cell to burst. Decompression has been used in small 

scale laboratories for the disruption of E. coli. The technique has shown promising 

results with yeasts, where it has the advantage that supercritical CO2 is able to extract 

off-flavours that are caused by lipid components. This technique is proving to be 

promising, being gentle on the cells, resulting in large debris that are easier to remove 

in order to obtain the desired product. Downsides, however, include its low efficiency 

and its high dependency on pressure release and time of contact between the cell 

suspension and the gas. Decompression chamber is shown in figure 5. 

 

 
 

Figure 5: Decompression chamber. 

 

2.3 Osmotic shock  
The proper functionality of cell’s processes usually requires strictly defined 

chemical conditions. This means e.g. that cell’s internal pH or salt concentrations should 

not deviate significantly from the optimal values. The optimal conditions and ability to 

withstand suboptimal conditions are species specific. Cells have an ability to actively 

control the internal conditions but sudden and major changes in cell’s surrounding 

environment might lead to extreme shock which results in cell death and disruption.   

Osmotic shock is a technology which can be utilized in biotechnical applications 

to cause cell lysis. In this technology, cells are first exposed to either high or low salt 

concentration. Then the conditions are quickly changed to opposite conditions which 

leads to osmotic pressure and cell lysis (figure 6). The reason for that is that water 
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quickly flows from low salt concentration conditions towards conditions with high salt 

concentration. Thus, if the cells are first exposed to high salt concentration solution, 

water flows into cell after exposure to low salt concentration. As a result, pressure in 

cell increases and cell explodes. Conversely, if cells are exposed to high salt 

concentration (~1 molar solution) after exposure to low concentration, water flows out 

of the cell which leads to cell disruption. 

 

 
 

Figure 6: Osmotic shock. Exposure of cells to either high or low salt concentration 

causes cell disruption. 

 

 

Osmotic shock is not a commonly used method for cell disruption because of its 

low efficiency. The efficient disruption would commonly require for example enzymatic 

pre-treatment to weaken the cells. In addition, this technology requires addition of high 

amounts of salts and water usage is high. Also product may be diluted. 

 

3. Non-mechanical chemical and enzymatic methods  
In addition to physical and mechanical methods, several chemical methods for cell 

disruption exist. These methods rely on utilization of chemical substances or enzymes 

in disruption process. The mechanisms of actions are multiple, but the most widely used 

methods act by destroying the cell wall by enzymes, osmotic pressure, or by interfering 

or precipitating cell wall proteins. In addition, several disruption methods can be 

combined to achieve desired efficiency. The alternative strategies are reviewed in more 

detail below. 

 

3.1 Detergents  
Detergents that are used for disrupting cells are divided into anionic, cationic and 

non-ionic detergents. The common thing for all detergents is that they directly damage 

the cell wall or membrane, and this will lead to release of intracellular content (figure 

7). One of the most commonly used anionic detergent is sodium dodecyl sulfate (SDS) 

which reorganizes the cell membrane by disturbing protein-protein interactions. Another 

commonly used compound for cell lysis is Triton X100, which is non-ionic detergent. 
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Its mechanism of action is to solubilize membrane proteins. In addition to these chemical 

compounds, for example cationic detergent ethyl trimethyl ammonium bromide can also 

be used for cell disruption. It is speculated that it acts on cell membrane 

lipopolysaccharides and phospholipids. 

 

 
 

Figure 7: Cell disruption with detergents. Detergents interact with cell membrane 

compounds which will lead to disassembly of cell membrane.   

 

The disadvantage of using detergents for cell lysis is that many proteins will be 

denatured in lysis process. Detergents may also disturb subsequent downstream 

processing steps. Thus additional purification step may be required after cell lysis, which 

limits their utilization in large scale processes. However, detergents are commonly used 

for cell lysis in laboratory for example once DNA, RNA or proteins are extracted from 

cells. 

 

3.2 Solvents  
One additional method for chemical cell disruption is the utilization of chemical 

solvents. Solvents which can be used for cell lysis include for example some alcohols, 

dimethyl sulfoxide, methyl ethyl ketone or toluene. These solvents extract cell wall’s 

lipid components which leads to release of intracellular components. This method can 

be used with wide range of production organisms but the problem can be that some 

proteins are denatured. However, the advantage is that by the choice of solvent, it might 

be possible to select the relished product. This method is not generally applied in large 

scale processes.  

In addition to solvents, cell lysis can be achieved by hydrolysing the cell wall by 

alkali compound (pH 10.5-12-5). Disadvantage of this method is that chemical costs for 
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neutralization of alkali are high. In addition, the product may not be stable in alkali 

conditions. 

 

3.3 Enzymes  
Another strategy to achieve cell lysis is to use digestive enzymes which will 

decompose the microbial cell wall (figure 8). Different cell types and strains have 

different kind of cell walls and membranes, and thus the used enzyme depends on 

microbe. For example, lysozyme is commonly used enzyme to digest cell wall of gram 

positive bacteria. Lysozyme hydrolyzes ß-1-4-glucosidic bonds in the peptidoglycan. 

The cell wall of gram negative bacteria differs from the cell wall of gram positive 

bacteria so lysozyme is not very efficient in the case of gram negative cell wall. 

 

 
 

Figure 8: Enzymatic cell disruption concept. Enzymes degrade the cell wall 

components which will lead to release of intracellular compounds.   

 

 

The cell wall of yeast and fungi differs significantly from the cell wall bacteria. 

One commonly used enzyme mixture for degradation of cell wall of yeast and fungi is 

Zymolyase. It has for example ß-1,3 glucanase and ß-1,3-glucan laminaripentao-

hydrolase activities (Zymolyase | Yeast lytic enzyme). In addition, the enzymes that are 

commonly used for degradation of cell wall of yeast and fungi include different 

cellulases, pectinases, xylanases and chitinases.  

The utilization of enzymes in cell lysis process is one of the gentlest methods. 

However, the enzyme’s high price and limited availability limits their utilization in large 

scale processes. In addition, the added enzyme may complicate downstream processing 

(e.g. purification). However, these drawbacks could be minimized by immobilization of 

enzymes. 
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III-  Some special techniques in preparing biological materials  

1- Centrifugation 

The technique of centrifugation uses a centrifuge, which is a device to accelerate 

gravitational separation of substances differing significantly in their masses. In the 

laboratory centrifugation is used: 

1- to separate particles from a solution in which they are suspended. Examples of this 

application are (a) separating cells from blood to provide cell-free plasma or serum for 

analysis; (b) eliminating chemically precipitated protein from an analytic specimen; (c) 

separating protein-bound or antibody-bound ligand from free ligand in immunochemical 

and other assays; and  

2- to separate two liquid phases of different densities (e.g., an aqueous phase from an 

organic solvent) or to separate lipid components from plasma or serum. 

 

a)  Types of centrifuges 

 

Centrifuges may be classified generally into three types: horizontal-head or 

swinging-bucket, fixed-angle or angle-head, and ultracentrifuges. 

Horizontal-head or swinging-bucket centrifuges allow the tubes placed in the 

cups of the rotor to assume a horizontal plane when the rotor is in motion and a vertical 

position when it is at rest. During centrifugation, particles travel in a constant manner 

along the tube while the tube is at a right angle to the shaft of the centrifuge. This, the 

sediment is distributed uniformly against the bottom of the tube. The surface of the 

sediment is flat and remains so, with a column of liquid on top of it when rotor stops). 

 

  
 

Figure: Horizontal head or swinging bucket centrifuge. 
 

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


 

9 

 

                  
 

 

In an angle-head rotor or fixed angle rotor, tubes are held at a fixed angle from 

25 to 40 degrees to the vertical axis of rotation. (As in the horizontal-head centrifuge, 

particles are driven outward horizontally but strike the side of the tube so that the 

sediment packs against the side and bottom of the tube and the surface of the sediment 

is parallel to the shaft of the centrifuge. As the rotor slows down and then stops, gravity 

may cause the sediment to slide down the tube; generally a poorly packed pellet is 

formed). 

 

          
 

Figure : Fixed angle centrifuge. 
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The shape of a fixed-angle rotor allows more rapid sedimentation of small 

particles than is usually possible with a horizontal-head rotor. Fixed-angle rotors can be 

run at a higher speed than swinging-bucket rotors, which offer considerable resistance 

to rotation and generate heat as a result of air friction. The sedimentation of large 

particles is efficient at low speed, so the horizontal-head rotor is adequate for the 

separation of erythrocytes from plasma or of a protein precipitate from supernatant. 

 

 
 

 

Ultracentrifuges are high-speed centrifuges that use mainly fixed-angle rotors. 

The most common application of an ultracentrifuge in the laboratory is the separation 

of lipoproteins. Because the separation may require hours or days and may generate 

considerable heat, ultracentrifugation requires a refrigerated chamber. 
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Axial centrifuge: An axial centrifuge is based on a centrifugal concept that allows 

tubes of blood to be spun in a vertical orientation as opposed to horizontal orientation 

used in traditional centrifuges. 

 

 

b) Principles of centrifugation 

The speed of centrifugation, measured in rpm, does not describe the force 

required to separate two phases in a centrifuge. The correct term is relative centrifugal 

force (RCF), also called relative centrifugal field. (It is better to express centrifugation 

in terms of the force of gravity (g) rather than rpm because g-values provide uniform 

and reproducible centrifugation conditions for rotors of different types and sizes). Units 

are expressed as number of times greater than gravity (e.g. 5000 x g). 

Maximum relative centrifugal force is calculated as follows: 

 

RCF = 1.118 x 10-5 x r x n2       

 

where 1.118 x 10-5 is an empirical factor; r is the horizontal distance (i.e., the radius in 

cm) from the centre of rotation to the bottom of the tube in the rotor cavity or bucket 

during centrifugation; and n is the speed of rotation of the rotor in rpm. 

(RCF is derived from the distance from the rotor centre to the bottom of the tube, 

whether the tube is horizontal to, or at an angle to, the rotor centre. The minimum RCF, 

calculated in the same way but from the centre of rotation to the maximum value. Note 

also that the RCF applied to a tube in a fixed-angle head rotor, because the tube is unable 

to swing outward, which reduces the effective radius). 

Duplication of the conditions of centrifugation is often desirable. The following 

is a useful formula for calculating speed required of a rotor whose radius differs from 

that with which a prescribed RCF was originally defined. 
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Successful centrifugation also depends on the time of centrifugation as well as 

the number of g-forces developed. The time required to sediment particles depends on 

the rotor speed, the radius of the rotor, and the effective pathlength travelled by the 

sedimented particles (i.e., the depth of the liquid in the tube). Length of time for 

centrifugation can also be calculated so that centrifugation with an alternate rotor of a 

different size gives an RCF equivalent to the original. 

 
 

 
 

Table 3.1 compares the g-forces and the times of centrifugation required for 

sedimenting biological particles of various types. 

 

Table 3.1: Comparison of the force of gravity and the time necessary to sediment 

biological particles in a centrifugal field. 

 

Force Time Fraction sedimented 

1,000g 5 min  Eukaryotic  cells 

4,000g  10 min Chloroplasts, cell debris, cell nuclei 

15,000g 20 min Bacterial, mitochondria 

30,000g 30 min Lysosomes, bacterial cell debris 

100,000g 3-10h Ribosomes 

Thus, cell components can be separated by differential centrifugation using different   g-

forces for different periods of time. 

 

 Types of centrifuges in terms of speed: 
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c) Operation of the centrifuge (Precautions during centrifugation) 
 - For proper operation of a centrifuge, only those tubes recommended by its 
manufacturer should be used. 
 - For smooth operation of the centrifuge, the rotor must be properly balanced. 
The weight of racks, tubes, and their contents on opposite sides of a rotor should not 
differ by more than 1% or by an acceptable limit established by the manufacturer. The 
smaller the difference, the smoother the centrifugation. The placement of tubes should 
be symmetrical and opposite weights be equal. Imbalance of the rotor causes vibration. 
All these precautions will permit maximum RCF and minimize breakage of tubes, wear 
on the motor and bearings and loss of sample. 

- Tubes should be properly capped and the lid of the centrifuge closed during 
centrifugation. This will prevent the release of infectious material inside the centrifuge 
by aerosol formation. If breakage occurs resulting in the spillage of potentially infectious 
material the centrifuge bowl will be contaminated. Spillage of the sample can lead to 
corrosion of the centrifuge. Therefore, in case of any spillage, the centrifuge should be 
properly decontaminated and cleaned. 
 
2- Filtration 
  
 Filtration is sometimes used to remove solid material from a suspension. On a 
small scale, filtration is a good method for clarifying a solution, but the size and softness 
of many biological particles often leads to the rapid clogging of the filter. 
 Filtration rates can be improved by using filter aids such as celite (a commercial 
produit of Johns Manville), which is a diatomaceous earth material consisting mainly of 
silicon dioxide. Celite can be added to the suspension and the slurry poured directly into 
a filter in a Büchner funnel that is fitted into an aspirator flask. Suction is applied by a 
water-aspirator or a vacuum pump. 
 Large-scale filtration has become possible with the development of the Pellicon 
Cassette by Millipore in which the fluid of particles is continuously forced over a 
membrane. The liquid, under pressure, passes through the membrane, giving a 
suspension of more highly concentrated particles. The membrane has a relatively large 
surface area of 2 m², giving flow rates of 1 L/min. The concentrated (~ 10 x) slurry can 
then be centrifuged in a conventional centrifuge. This technique has been particularly 
useful in obtaining bacteria or culture supernatant from large fermentations. 
 
3- Dialysis  
 
 Low molecular weight materials, such as salts, and some biological materials, 
such as amino acids, coenzymes, and low molecular weight carbohydrates, can be 
removed by dialysis from macromolecular materials sus as proteins, nucleic acids, and 
polysaccharides Dialysis is the process of separating smaller molecules from lager ones 
in solution by use of a semi-permeable membrane that permits passage of the smaller, 
but not the lager, molecules. Actually, this is an oversimplification since the charge and 
specific groups of the molecule also affect the rate of diffusion particularly with 
molecules in the intermediate size range. 
 The rate of dialysis is also governed by the temperature so that the higher the 
temperature, the higher the dialysis rate. (At an elevated temperature, the viscosity of 
the solvent is less and the rate of diffusion is increased). On the other hand, many 
macromolecules are sensitive to temperature, so dialysis of proteins, etc. is usually 
carried out in the cold room. 
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 The solvent affects the rate of dialysis in several ways and needs to be selected 
with care. Generally speaking, the rate of dialysis is greatest with distilled water as a 
solvent but careful control of the ionic strength and pH is often needed to stabilize the 
molecules under investigation. (The presence of salts reduces the rate of dialysis, 
probably by affecting the shape and charge of the molecule). The pH can be quite critical 
in controlling the rate of dialysis; for example, insulin passes rapidly through a 
cellophane membrane at acid pH but only very slowly around neutrality. (Insulin is 
known to associate at pH 7 and this is the probable explanation). Any reagent present in 
the solvent which tends to denature the molecules also reduces the rate of dialysis 
considerably. 
 
 Removal of small molecules 
 There are many examples during biochemical isolations where the concentration 
of salts or other low molecular weight materials has to be reduced before proceeding 
with the next stage of the separation. In such cases, dialysis is the most convenient 
method of removal. (Although it is not advisable to remove all ionic species since 
charged macromolecules may then be precipitated or denatured). 
 A dialysis bag containing the mixture is placed in a large volume of buffer 
solution stirred by means of a magnetic stirrer.  In the case of proteins and other sensitive 
molecules, the complete arrangement is placed in the cold room to minimize 
denaturation. NB: For a continuous dialysis, the solution outside the dialysis bag must 
is constantly being changed. 

(The dialysis bag must be completely filled; otherwise water will enter by 
osmosis and cause an increase in volume. This is usually undesirable and should be 
avoided). 
 

IV- Separations of proteins based on solubility. 
1- Organic solvent 

Water-soluble proteins, contained in an extracellular fluid or in a cell extract, can 
be precipitated by water-miscible organic solvents. Two commonly used organic 
solvents are ethanol and acetone. The addition of these organic solvents to an aqueous 
solution of proteins produces a reduction in the solvating power of water for the charged, 
hydrophilic protein molecule, leading to aggregation and precipitation of the protein. 

A feature affecting precipitation is the size of the protein. Other things being 
equal, the larger the protein molecule, the lower the percentage of organic solvent 
required to precipitate it. Precipitation also occurs at a lower organic solvent 
concentration around the isoeletric point (pHi) of the protein. This supports the 
suggestion that protein precipitation (aggregation) by organic solvents is likely to be due 
to the uncovering and interaction of electrostatic and dipolar van der Waals forces 
contained in the protein structure. 

After the addition of the organic solvent, the precipitate is removed by 
centrifugation and decanting of the supernatant. Residual amounts of organic solvent 
can be removed from the precipitate by alternately pulling a vacuum and air over it 
several times until the solvent no longer can be detected. Acetone is a good precipitating 
solvent because of its volatility and easily detectable odor). The precipitate is then 
dissolved in a minimum amount of a suitable buffer. 

(The optimum amount of organic solvent needed to precipitate a protein is 
determined by adding varying amounts (5-60% v/v) of solvent to a series of aliquots of 
equal volumes of protein solution). 
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2- Salt precipitation 
  

 Solubility in salt solutions is the classical method for the classification of proteins 

into albumins and globulins. Albumins are soluble in water, while the globulins are 

insoluble in water but soluble in salt solution.  

As salt is added to a protein solution, an increase in solubility occurs and this is 

known as salting in. (This initial increase in solubility is due to a stabilization of the 

protein arising from a decrease in the activity coefficients of the ionogenic groups). As 

the ionic strength is further increased, a maximum is reached followed by a decrease in 

solubility known as salting out. During salting out, there is probably a competition 

between the protein and protein-protein interactions become more important.  

(The salting-out technique of protein purification depends mainly on the 

hydrophobic character of the protein. Water solvates the added salt ions, decreasing the 

solvation of the protein molecule. This decrease exposes hydrophobic areas of the 

protein structure, which interact with each other to give aggregates that precipitate). 

The relationship between solubility (S) and ionic strength (I) in the salting out 

region is :  

 

Log S = β - Ks I 

 

 Where β is the log of the hypothetical solubility when I = o and Ks is the salting 

out coefficient. A small change in I can, therefore, cause quite a large change in S. The 

value of Ks is similar for most proteins in a given salt solution while β is dependent on 

the particular protein. (A mixture of proteins can therefore be separated by collecting 

the precipitates formed over various ranges of ionic strength. In practice, always some 

overlap in the solubility curves of proteins in a mixture. Nevertheless, salt precipitation 

is still valuable when used in conjunction with other methods). 

 The procedure involves the dissolving of the salt into the solution containing the 

protein or the addition of a saturated solution of the salt. The most commonly used salt 

is ammonium sulphate, which has a high water solubility. A fully saturated solution of 

ammonium sulphate at room temperature is prepared by adding 767 g to 1 litre of water; 

this is known as 100% saturation (NB: not 100g/100 ml) and the fractionation ranges 

are expressed relative to this (i.e., protein x was precipitated at 40 to 50% saturation). 

 

How do we obtain the desired degree at 40% saturation  

 

The answer to this question can be illustrated by the following example: 

Given 120 ml of (NH4)2SO4 solution at 40% saturation O °C. describe two 

methods that can be used to transform it into a solution of 60% saturation. 

1st Method: From a saturated solution (i.e. 100% saturation) of ammonium 

sulphate. 

The volume v to be added to v’ of the solution at S1 (40%) saturation in order to 

take it to S2 (60%) saturation, (S2 > S1), is calculated as follows:  
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2nd Method : From crystals of (NH4)2SO4 (i.e. solid salt). 

 The mass m of (NH4)2SO4 that should be added to 1 litre of solution of 

(NH4)2SO4 at S1 (40%) saturation in order to take it to S2 (60%) saturation, (S2 > S1), is 

calculated as follows:  

  
 

 Now the mass m’ of (NH4)2SO4 corresponding to the volume (v’ = 120 ml) 

considered in this problem (i.e. in this question) can be obtained as follows: 

 

 
 

14.6 g of solid (NH4)2SO4 will be weighed and added to 120 ml of ammonium 

sulphate solution at 40% saturation to obtain 60% saturation. 

 

* A disadvantage of the salting-out technique is that relatively large amounts of salt 

remain with the precipitate and usually must be removed before the next step can be 

begun. The removal of the salt can be accomplished by dialysis or gel filtration. 

 

3- Temperature 

Generally, a rise in temperature causes a decrease in solubility and it is important 

to state whether fractionation was carried out at 0 °C or room temperature.  

Careful heating can be used to denature and remove unwanted protein but this has 

to be applied with care. Ribonuclease, for example, is stable at 90 °C when most other 

proteins are denatured. (Addition of a substrate to an enzyme means that the protein can 

be heated 10 °C higher than usual before being denatured). 

 

4- pH 

The solubility of a protein is pH dependent and is a minimum at the isoelectric 

point. The pH of the solution must be carefully controlled since the protein may be 10 

times more soluble at only 1 pH unit either side of the isoelectric point. As with heat, 

careful control of the pH can be used to denature unwanted protein. For example, 

adjusting the pH of a malt extract to 3 destroys the α-amylase but leaves the β-amylase 

intact. 

(Selective denaturation with pH: the pH is adjusted to some relatively unfavourable 

value (e.g. pH 2-3 or 9-10), and the enzyme solution is held there for some period of 

time; then the pH is adjusted back to the optimum range and the specific activity of the 

desired enzyme is determined). 

Sometimes, a combination of temperature and pH treatment is used to selectively 

denature unwanted proteins in a crude extract. 
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CHAPTER 4: ANALYTICAL PROCEDURES AND INSTRUMENTATION 

 

I- Molecular Absorption Spectrophotometry 

 

Spectrophotometry is an analytical method of measuring the amount of light 

absorbed by a substance in solution. It is a commonly used technique for quantitatively 

determining substances encountered in biochemistry. All substances in solution absorb 

light of one wavelength and transmit light of other wavelengths. Absorbance is a 

characteristic of a substance just like melting point, boiling point, density, and solubility. 

But because it can be related to the amount of the substance in solution, absorbance can 

be used to quantitatively determine the amount of the substance in solution. 

 

1- Principles  

 

The Beer-Lambert Law:  

 

 
Consider an incident light beam with intensity Io passing through a square cell 

(cuvette) containing a solution of a compound that absorbs light of a certain wavelength 

(λ). The intensity of the transmitted light beam I will be less than Io and the transmittance 

(T) of light can be defined as the ratio of the intensities of transmitted and incident light, 

and expressed as :  

 

 
 

The amount of light of a specified wavelength absorbed by the substance depends 

on the length of the light path through the substance. The negative logarithm of the 

transmittance, the absorbance A, is directly proportional to the amount of light absorbed 

and to the length of the light path and is described by the Lambert law, which is 

expressed in the following equation:  

 

 
 

Here l is the length of the medium, usually a solution in a cell, and k1 is a constant. 
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 The negative logarithm of the transmittance is also directly proportional to the 

concentration of the absorbing substance C and is described by Beer’s law, which is 

expressed in the following equation:  

 

 
  

 Combining the two laws as the Beer-Lambert law gives the following equation: 

 
 

 where Ɛ is a constant called the extinction coefficient (molar absorptivity) 

incorporating k1 and k2. The extinction coefficient is dependent on the wavelength (λ) 

of the light passing through the substance and on the chemical nature of the substance; 

l is the path length (cm) ;  and C is the concentration of the substance. 

(Very often, l = 1 cm and C is expressed in moles per liter; the units for Ɛ are the 

reciprocal of those for l and C, since absorbance values have no units). 

NB: Frequently there is a linear relationship between absorbance and 

concentration up to a certain concentration or absorbance. We then say that the solution 

obeys Beer’s law up to this point. (The need for the standard curves). 

 

2- Instrumentation 

The amount of light that is absorbed by a substance may be measured by 

spectrophotometers and colorimeters. These instruments have several parts, which 

include a light source, a monochromator (prism or grating) or coloured filter to give a 

selected wavelength, a variable slit, a sample holder, a photodetector (photomultiplier 

tube, PM), and a meter. Different types of light sources are required for the different 

spectral regions. Tungsten and deuterium (hydrogen) lamps  are used for the visible 

(400-700 nm) and the ultraviolet (200-400 nm) regions, respectively. The wavelengths 

of light in these regions are selected by a monochromator in spectrophotometers and by 

coloured filters in colorimeters. The light then passes through an adjustable slit, which 

controls the intensity, and into the sample, from which it is detected and quantitated by 

a phototube or photomultiplier tube (PM) and measured by a galvanometer and/or 

recorder. (A schematic diagram representing the parts of a spectrophotometer is shown 

in the figure below). 

Figure 1A shows a schematic diagram of a single-beam spectrophotometer. The 

light enters the instrument through an entrance slit, is collimated and focused on to the 

dispersing element, typically a diffraction grating. The light of desired wavelength is 

selected simply by rotating the monochromator and impinged on the sample. The 

intensity of the radiation transmitted through the sample is measured and converted to 
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absorbance or transmittance (discussed later). Double beam spectrophotometers 

overcome certain limitations of the single beam spectrophotometers and are therefore 

preferred over them. A double beam spectrophotometer has two light beams, one of 

which passes through the sample while other passes through a reference cell (Figure 

1B). This allows more reproducible measurements as any fluctuation in the light source 

or instrument electronics appears in both reference and the sample and therefore can 

easily be removed from the sample spectrum by subtracting the reference spectrum. 

Modern instruments can perform this subtraction automatically. The most commonly 

used detectors in the UV/Visible spectrophotometers are the photomultiplier tubes 

(PMT).  

Modern instruments also use photodiodes as the detection systems. These diodes 

are inexpensive and can be arranged in an array so that each diode absorbs a narrow 

band of the spectrum. Simultaneous recording at multiple wavelengths allows recording 

of the entire spectrum at once. The monochromator in these spectrophotometers is 

placed after the sample so that the sample is exposed to the entire spectrum of the 

incident radiation and the transmitted radiation is dispersed into its components. 

 

 

 
 

Spectrophotometer (Molecular absorption spectrophotometer) 
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Figure 1: Schematic diagram showing a single beam (A) and a double beam (B) 

spectrophotometer. 

 

 

3- Applications 

 

* Quantitative analysis 

 - The most common and obvious application of visible and ultraviolet 

spectroscopy (i.e. molecular absorption spectrophotometry) is the determination of the 

concentration of a substance in solution if the extinction coefficient is known and the 

Beer-Lambert law is obeyed. This may be extended to the measurement of reactions if 

one of the reactants or products of the reaction has san absorbance. The progress of the 

reaction can then be determined by measuring the amount of loss of the reactant or the 

yield of the product. This approach has been applied especially to enzyme-catalysed 

reactions to assays the effect of the enzyme. 

- Spectrophotometry can also be used in microbiology to determine the 

concentration of bacteria in a bacterial suspension (in the broth medium). 

 

* Qualitative analysis 

- An absorbance spectrum may be used, at least presumptively, to identify 

substances in a sample. For example, proteins and nucleic acids have characteristic 

absorbance at 280 and 260 nm, respectively. A measurement of the ratio of absorbance 
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at 260 and 280 nm would give the relative amounts of nucleic acid and protein in a 

sample. 

- Difference in spectra can give the effects of solvent changes, helix-coil 

transitions, protein-protein association and dissociation, the number of hydrogen bonds, 

and the number of chromophoric (“coloured”) groups on the surface or buried in a 

protein or other macromolecule. 

- The binding of a monoclonal antibody to its antigen may be monitored using 

(second-order differential) spectroscopy. 

 

II- Atomic Absorption Spectrophotometry (AAS) 

 

1- Principles 

In atomic absorption spectrophotometry the element is not appreciably excited in 

the flame, but is merely dissociated from its chemical bonds and placed in a unexcited 

or ground state. This means that the atom is at a low energy level in which it is capable 

of absorbing radiation at a very narrow bandwidth corresponding to its own line 

spectrum.  A hollow cathode lamp, made of the material to be analysed, is used to 

produce a wavelength of light specific for the kind of metal in the cathode. Thus, if the 

cathode were made of sodium, sodium light at predominantly 589 nm would be emitted 

by the lamp. 

When the light from the hollow cathode lamp enters the flame, some of it is 

absorbed by the ground state sodium atoms in the flame, resulting in a net decrease in 

the intensity of the beam from the lamp. This process is referred to as atomic absorption. 

The process is analogous to molecular absorption spectrophotometry. A specific 

hollow cathode lamp serves as the light source, and the sample, heated in the flame, 

replaces the sample in the cuvette. The pathlength of the flame is analogous to the light 

path through the cuvette). 

In general, atomic absorption methods are approximately 100 times more 

sensitive than flame emission methods (i.e. Flame photometry). In addition, owing to 

the unique specificity of the wavelength from the hollow cathode lamp, these methods 

are highly specific for the element being measured. 

 

2- Instrumentation 
 

 
Atomic absorption spectrophotometer 

Contact Camertutos 682734373 (Whatsapp) 

Camertutos.com

Camertutos.com   votre meilleur site éducatif

camertutos.com


 

22 

 

 
 
(A) 

 
 
 

(B) 

 
 

Figure 2: Essentials of an atomic absorption spectrophotometer; (A) single beam and 
(B) double beam. 

(A nebulizer prays the sample into the flame. In some cases, an alloy is use to 
make the cathode producing a multi-element lamp; this lamp can be used to measure 
many elements. On most instruments, an electrical beam chopper and a tuned amplifier 
are incorporated). 

In flameless atomic absorption techniques the sample is placed in a depression 
on a carbon rod in an enclosed chamber. Strips of tantalum metal may also be used. In 
successive steps, the temperature of the rod is raised to dry, char, and finally atomize 
the sample into the chamber. The atomized element then absorbs energy from the 
corresponding hollow cathode lamp. This approach is more sensitive than the 
conventional flame methods and permits determination of trace metals in small samples 
of blood or tissue. The flameless technique is 100 times more sensitive than flame 
methods. 

 
3- Applications 
 
- Atomic absorption spectrophotometry (AAS) is widely used in clinical 

laboratories, for the determination of metals in body fluids. These determinations aid 
diagnosis and are valuable in the monitoring of many therapeutic regimes. 

- In physiological and pharmacological research, sodium, potassium, calcium, 
magnesium, cadmium and zinc may be measured directly, but copper, lead, iron and 
mercury require prior extraction from the biological source. 
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- The methods are also widely used in element determination in soil and plant 
materials and, after suitable ashing procedures, may be used for metals in 
macromolecule, organelles, cells and tissues. 

 
 

III- Fluorimetry (Fluorescence photometry) 
 
1- Principles 
A specialized adaptation of spectrophotometry is fluorimetry, in which the 

special property of fluorescence of some organic compounds is used. Many organic 
substances will emit light of a longer wavelength (and lower energy) after absorbing 
light of a shorter wavelength (and higher energy). The process is called fluorescence. In 
a susceptible molecule, the absorption of light (usually ultraviolet or visible) of 
appropriate wavelength raises the molecule from its ground state to an excited state. 
Fluorescence results when the molecule returns to the ground state and energy is 
released as heat and as light of lower energy, hence of longer wavelength than the 
incident or exciting light. Thus two kinds of light are involved, the exciting light and the 
emitted light, the former with lower wavelength than the latter. (The sample is excited 
with the linearly polarized light and emission (fluorescence) is recorded at 90° (i.e. at 
right angle to the exciting light)). 

 

2- Instrumentation 

 

 
Fluorometer 

 

 
 

Figure 3: Schematic diagram of the parts of a fluorometer: Io is the selected wavelength 

of exciting light, F is the emitted fluorescent light, I is the selected wavelength of 

fluorescent light, and PM is a photomultiplier tube. 
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Instruments for measuring fluorescence range from simple fluorimeters to more 

complicated spectrofluorometers. Both contain four main parts: a light source and 

wavelength selector (filter or monochromator), a sample cell, a wavelength selector for 

the emitted light (filter or monochromator), and a photomultiplier tube to measure the 

amount of the emitted fluorescent light. The incident light is selected for a specific 

exciting wavelength to pass through the sample, which produces the fluorescent light 

that passes out of the sample, through a secondary wavelength selector, which may be 

set to select wavelengths of the maximum fluorescent emission. This fluorescent 

emission is detected by a photomultiplier tube. The tube transforms the light energy into 

electrical energy, which is measured by a meter. 

The advantage of fluorescence photometry (Fluorimetry) is that substances may 

be determined at very low concentrations because fluorescence is 103 to 104 times more 

sensitive than ultraviolet and visible spectrophotometric methods. 

 

2- Applications 

- Fluorimetric methods have been developed for hundreds of compounds of 

potential clinical interest, including drugs and drug metabolites. The more common 

determinations include porphyrins, catecholamines, calcium, magnesium, salicylate, 

quinidine, tyrosine, and phenylalanine.  

- Dehydrogenase enzymes may be assayed in small amounts of serum by 

measuring the increase or decrease of the fluorescent coenzyme NADH. Lysosomal 

enzymes (e.g. β-glucuronidase, β-galactosidase, and acid phosphatase) may be assayed 

in small amounts of serum/plasma or urine by estimating the amount of the fluorescent 

4-methylumelliferone released from the appropriate substrate (4-methylumbelliferyl-β-

D-glucuronide, 4-methylumbelliferyl-β-D-galactoside and 4-methylumbelliferyl-

phosphate, respectively). For 4-methylumbelliferone, excitation is at 360 nm and 

emission is at 520-580 nm. 

 

IV- Flame photometry 

 

1- Principles  

Atoms of many metallic elements, when given sufficient energy such as that 

supplied by a hot flame, will emit this energy at wavelengths characteristic for the 

element.  

A specific amount or quantum of thermal energy is absorbed by an orbital 

electron. The electrons, being unstable in this high energy (excited) state, release their 

excess energy as photons of a particular wavelength as they change from the excited to 

their previous or ground state. (If the energy is dissipated as light, the light may consist 

of one or more than one energy level and therefore of different wavelengths. These line 

spectra are characteristic for each element. Sodium, for example, emits energy primarily 

at 589 nm, along with other, much less intense emissions). 

Alkali metals are comparatively easy to excite in the flame of an ordinary 

laboratory burner. Lithium produces a red, sodium a yellow, potassium a violet, 

rubidium a red, and magnesium a blue colour in a flame. These colours are characteristic 

of the metal atoms that are present as cations in solution. Under constant and controlled 

conditions, the light intensity of the characteristic wavelength produced by each of the 

atoms is directly proportional to the number of atoms that are emitting energy, which in 
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turn is directly proportional to the concentration of the substance of interest in the 

sample. 

Other cations, such as calcium, are less easily excited in the ordinary flame. 

 

 

2- Instrumentation 

 

 
Flame photometer 

 

 

 

 
 

Figure 4: Essentials of a flame photometer. 
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Figure 4 shows a schematic diagram of the basic parts of a flame photometer. A 

tank of gas is required and a two-stage pressure regulator. High pressure tubing must be 

used to lead the gases to the flame. A nebuliser (or atomizer) is needed to spray the 

sample as fine droplets into the flame. The monochromator, entrance and exit slits, and 

detectors are similar to those discussed previously for spectrophotometers. In effect, the 

light source for the spectrophotometer has been replaced here with an atomizer-flame 

combination, and one is measuring emission of light rather than absorption. 

The general scheme of a Flame Photometer can be organized into three main 

systems: Emission System, λ-Selection System and Recording System. 

 

 
 

 

3- Applications 

Flame emission photometry is most commonly used for the quantitative 

measurement of sodium and potassium in body fluids. Lithium, while not normally 

present in serum, may also be measured in connection with the therapeutic use of lithium 

salts in the treatment of some psychiatric disorders. 

 

 

V- Turbidimetry and Nephelometry 

The two similar techniques of turbidimetry and nephelometry demand brief 

consideration owing to their usage in biological sciences. They are both associated with 

the estimation of the concentrations of dilute suspensions. 

 

1- Principles and instrumentation 

Turbidimetric measurements determine the amount of light blocked (scattered 

due to reflection and refraction) by particulate matter in the sample as light passes 

through the cuvette. In turbidimetry the incident and transmitted radiation may be 

measured in an ordinary colorimeter or spectrophotometer but the contribution of true 

absorption, if any, is small and the Beer- Lambert law is not strictly applicable. The 

amount of light that is blocked by a suspension of particles in a cuvette depends not only 

upon the number of particles present, but also upon the cross-sectional area of each 
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particle. If the particle size of the standards is not the same as the particle size of the 

samples being measured, errors in turbidimetric measurements result. Another problem 

is that particles may aggregate or settle out of solution while the measurements are being 

made, thus producing an error. (Control of the rate of settling is usually accomplished 

by using gum arabic or gelatine, which provides a viscous medium that retards particle 

settling. Preparation of very fine suspensions also helps to minimize these problems). 

Turbidimetric measurements are acceptable provided the number of particles and their 

size are in a reasonably narrow range. 

 

Nephelometric measurements are similar to turbidimetric measurements except 

that the light scattered by the small particles or colloids in the sample cuvette is 

measured at right angles to the beam incident on the cuvette. The arrangement is similar 

to that used in fluorimetry. The instrument used in nephelometry is known as a 

nephelometer (measures cloudiness), if the Tyndall intensity is compared with that of a 

standard suspension of known concentration, or a Tyndall meter, if the Tyndall ratio (i.e. 

ratio of the Tyndall intensity to that of the incident radiation) is measured directly. 

 

        
  Figure 5: Schematic diagram of a conventional, 

90° dynamic light scattering instrument. 

 

 

2- Application 

The concentrations of suspensions of microorganisms may be obtained using 

nephelometry and those of proteins and some other biological macromolecules by 

turbidimetry. (Strong organic acids such as trichloroacetic and sulphosalicylic acids 

cause proteins to precipitate. The amount of precipitate formed is measured by its light-

scattering intensity (Turbidimetry).  
 

 

VI -  Polarimetry 

 

1- Principles  
 

Polarimetry is an analytical method of measuring the concentration of inorganic and 

organic compounds in a liquid solution using an instrument that determines the optical 

activity of those compounds. It uses rotation of polarized light by some substances as a 

Nephelometer 
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measure of their concentration in a solution. The instrument used is called a polarimeter. 

When it is adapted for measuring quality of sugar the name saccharimeter is used. In 

both instruments it is the rotation of polarized light by a substance in a solution which 

is measured. 

A compound is considered to be optically active if linearly polarized light is rotated 

when passed through it. The amount of optical rotation is determined by the molecular 

structure and concentration of chiral molecules in the substance. Each optically active 

substance has its own specific angle of rotation, which can be used to identify specific 

compounds and their concentrations in a solution. The polarimetry measurement does 

not affect the sample.   

   

The polarimetry measurement is influenced by:   

• sample composition  

• concentration  

• length of the observation tube  

• temperature  

• color of light (wavelength).   

  

 

2- Instrumentation 
 















α

 

 
Polarimeter 
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(a) 
 

 
 

 

(b) 

 
 

Figure 1:  a) principle of a polarimeter set up     

                  b) components of a polarimeter 

 

 

3- Applications 
 

Polarimetry is used in many industries.   
  
Food industries  
Polarimetry is used in food industries for quality control of original, intermediate, and 
final products, the determination of concentrations, and purity control.  
   

• Sugar industries: sugar (sucrose, levulose, glucose, etc.), sugar syrups, starch, 
sugar-free sweeteners like isomalt, etc.   

• Dairy: lactose, sucrose, lactoglobuline, lactic acid, esters, etc.  
• Vine industries: analysis of sugar on the vine, tartaric acid, esters, etc.  
• Fruit: analysis of sugar in fruit syrups (levulose), acids and esters (malic acid, 

etc.), essential oils, etc.   
  
Pharmaceutical industries  
Polarimetry is used in pharmaceutical industries for purity control and determination 
of concentration of substances according to the requirements of the European and 
American Pharmacopeia by measurement of both specific and optical rotation.   
   

• Alkaloids: cocaine, codeine, nicotine, morphine sulphate, etc.  
• Amino acids: asparagine, glutamic acid, etc.   
• Organic compounds: ascorbic acid, menthol, camphor, etc.   Others: steroids, 

antibiotics, serums, vitamins, etc.   
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Medicine   

• Research of sugar and albumin in urine  
• Hormone research  
• Enzymology and toxicology research   

  
Cosmetic Industries   

Control of purity and identification of optically active essential oils and essences 
like lemon oil, orange oil, lavender oil, spearmint oil, etc.   

 
Chemical Industries  

Purity control and measurement of concentration, identification, and 
characterization of compounds, such as:  
• Organic fluids  
• Biopolymers   
• Synthetic polymers  
• Organic polymers   

  
Research applications   

• Analysis of optically active compound structure analysis  
• Determination of configuration changes of solved macromolecules  
• Monitoring changes in concentration of an optically active component in a 

reaction mixture, as in enzymatic scission  
• Distinction of optical isomers  
• Investigating kinetic reactions by measuring optical rotation as a function of 

time  
• Analyzing molecular structure by determining optical rotation dispersion.   
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