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Clinical Biochemistry – Examination of Blood 

Examination of blood I (proteins) 
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Examination of blood II (glucose, lipids) 

 

Blood glucose and disorders of carbohydrate metabolism 
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Lipid metabolism and its disorders 
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Examination of blood III (nitrogen compounds) 

 

Bilirubin and its catabolism, jaundice 
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Nonprotein nitrogenous compounds of the blood – urea, uric acid 
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Clinical Biochemistry – Examination of Urine

  

 

Physical examination of urine 
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Basic chemical examination of urine 

 

Proteinuria 
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Determination of sugar in urine 
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Ketonuria 

 

 

Hematuria 
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Bile pigments in urine 
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Renal functions 

 

Glomerular and tubular functions, clearance 
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Examination of urinary sediment 
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Examination of amino acids and their metabolites in urine 
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Enzymology 

  



 

41 

 

  



 

42 

 



 

43 

 



 

44 

 



 

45 

 



 

46 

 



 

47 

 



 

48 

 



 

49 

 



 

50 

 

 



 

51 

 

Molecular biology 

Leiden mutation detection 

This laboratory exercise uses elements of the problem-based learning (PBL) approach. 

 

problem: "Leiden mutation" - from all points of view (molecular basis, hemostasis physiology, 

pathophysiology, clinical significance and diagnostics) 

 

Leiden mutation is an autosomal intermediate (incomplete dominance) hereditary 

single-point mutation in the hemocoagulation factor V gene. It is the most common genetic 

cause of thrombophilia (increased blood clotting) in the European population. This mutation 

was discovered in 1993 (published in 1994) and named after the site of discovery - the city of 

Leiden in the Netherlands.  

   

Molecular basis 

 

At the molecular level, it is a Single Nucleotide Polymorphism (SNP) referred to as 

rs6025 in the databases. It is a G1691A substitution, i.e. the replacement of G (guanine) by A 

(adenine) at position 1691 in the coding region of the Factor V gene. The Factor V gene is 

located on the long arm of the first chromosome (locus q23). . The gene contains a total of 25 

exons, with the Leiden mutation (also referred to as Factor V Leiden) located at exon number 

10.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Part of the nucleotide sequence of the Factor V gene. The exon 10 is highlighted. 

 

As a consequence of this mutation / substitution / polymorphism / change in the gene, the 

primary structure of the produced hemocoagulation factor V protein (a cofactor, without 

proteolytic function) is altered. At position 506, the amino acid arginine is replaced by 

glutamine. According to the change in genetic information, this is a non-synonymous missense 

SNP. That is, the base-exchange codon encodes another amino acid, and thus the function of 

the protein may be altered. 
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Fig. 2 Part of the nucleotide and amino acid sequence of the wild type and mutated gene. 

The nucleotide and amino acid substitution are highlighted. 

 

Hemostasis 

 

Hemostasis is a vital process protecting the body against excessive blood loss in 

violation of vascular integrity (violation of bloodstream continuity). The following mechanisms 

are involved in the haemostasis: vascular reactions (vasoconstriction), platelet activity 

(activation and accumulation at the site of injury) and blood clotting, called hemocoagulation. 

These processes lead to the formation of a blood clot (thrombus).  

 

Distinguish thrombus and coagulum: thrombus is a blood clot intravitally and intravasally, 

whereas a coagulum is a blood clot formed extravasally or postmortem.  

 

Hemocoagulation itself is a cascade of enzyme reactions leading to the conversion of 

fibrinogen to insoluble fibrin. This process requires the interplay of many coagulation factors, 

phospholipids and calcium ions. Coagulation factors are referred to by name and Roman 

numeral, which is of historical character only, i.e. it does not indicate a sequence of reactions. 

Coagulation factors usually have the character of proteolytic enzymes (FII, VII, IX, X, XI, XII, 

precalikrein), according to the mechanism of action they belong to serine proteases. They are 

synthesized in the liver in the form of inactive proenzymes (zymogens), which are sequentially 

activated. Activation of individual proenzymes to active enzymes consists in their proteolytic 

cleavage by the enzyme activated in the previous reaction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Simplified scheme of expression, activation and inhibition of proteolytic enzyme  

CTG GAC AGG CGA GGA ATA CAG AGG GCA

Leu-Asp-Arg-Arg-Gly-Ile-Gln-Arg-Ala

CTG GAC AGG CAA GGA ATA CAG AGG GCA

Leu-Asp-Arg-Gln-Gly-Ile-Gln-Arg-Ala

FV wild type

FV Leiden

Arg 506 Gln G 1691 A
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There are also additional factors that accelerate the activation of zymogens (FIII, V, 

VIII…). Proteolysis is not enough for the successful involvement of coagulation factors II, VII, 

IX, X and anticoagulant factors - proteins C and S. They undergo posttranslational treatment 

first (carboxylation of 10-12 glutamic acid residues on γ carbon), which unconditionally 

requires vitamin K. The purpose of this posttranslational treatment is to increase the ability to 

react with Ca2+ ions and to bind the coagulation factor to the phospholipid membrane. In the 

absence of carboxylation, the affinity of the factor for the membrane is low, resulting in a 

clotting disorder.  

Coagulation events are divided into two systems: internal and external / external, but 

which are not independent of each other and together aim to activate factor X. In the internal 

system (all procoagulation factors are in the blood) factor XII (the so-called Hageman factor) 

is activated by contact with a negatively charged surface (collagen, platelet phospholipids) of 

the damaged vessel. Factors IX (the so-called Christmas factor), VIII (the so-called anti-

haemophilic factor) and X (the so-called Stuart-Prower factor) are gradually activated with 

calcium ions. The external system begins with the release of factor III - tissue thromboplastin. 

Factor III, along with released membrane phospholipids from cells, factor VII (called 

proconvertin) and calcium ions, leads to activation of factor X. A common pathway then 

continues for both systems. Activated factor Xa, calcium ions, platelet phospholipids, activated 

factor Va (so-called proaccelerin) and inactive prothrombin (factor II) form a prothrombinase 

complex. Prothrombin to thrombin may then be activated. Thrombin is a serine protease that 

cleaves two fibrinopeptides from fibrinogen. This allows the spontaneous polymerization of 

fibrin monomers by non-covalent bonds. The fibrin stabilizing factor (Factor XIIIa), which 

stabilizes the newly formed fibrin polymer, is then affected. Insoluble fibrin together with the 

platelets forms a clot, a plug closing the wound.  
 

Haemocoagulation is a multistep regulated process because spontaneous blood 

coagulation in the circulation can have fatal consequences. Therefore, several coagulation 

factor inhibitors circulate in the blood along with coagulation factors. These inhibitors are 

among the serpins (serine protease inhibitors). These include mainly antithrombin, protein C 

(PC), protein S, and endothelium-bound thrombomodulin. 
 

 However, haemocoagulation also occurs in the undisturbed venous system if there is a 

stasis in the blood. This is a pathological process leading to thromboembolism (explained in 

more detail in the Clinical Significance chapter). This is also due to a malfunction or lack of 

natural coagulation inhibitors, often as a result of a genetic disorder (eg FV Leiden). 

Another, more distant mechanism following bleeding arrest is fibrinolysis (removal of 

thrombus) and activation of fibroblasts and smooth muscle cells. The result is healing of the 

injured tissue. 

Primary fibrinolysis is a natural physiological process whose goal is to remove the 

unnecessary thrombus from the healed vessel. Fibrin (to a lesser extent fibrinogen) is cleaved 

by plasmin into soluble fibrin grafts. Plasmin (formerly called fibrinolysin) is an active form of 

plasminogen protein. It is a serine protease. Activation of plasminogen to plasmin is caused by 

the active enzyme, tissue plasminogen activator (t-pA). On the other hand, rapid degradation of 

plasmin is caused by α2-antiplasmin, a plasma protein that forms an irreversible inactive 

complex with it. 

The breakdown of fibrin releases products of this degradation into the blood. These are 

two linked D fragments of the fibrin protein, called D-dimers. Their determination has found 

application in clinical practice in the diagnosis of thromboses and embolisms. Due to the fact 

that both the formation of a clot and its degradation are physiological events, we cannot simply 

associate elevated D-dimer levels with a disease. However, if the D-dimers are negative, we 
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can exclude the presence of any clot in the bloodstream (thus, the diagnosis of thrombosis or 

embolism can be excluded). It is a relatively inexpensive, fast and, above all, patient-free test, 

and is therefore used in clinical practice to categorize patients suspected of having, for example, 

pulmonary embolism. Using the test, the physician can divide the patients into healthy patients, 

no longer needing further investigation, and those who need to be further proven or eliminated 

by other methods. 

Secondary fibrinolysis (more commonly referred to as thrombolysis) is a relatively 

dangerous but often life-saving medical procedure, used today mainly in massive pulmonary 

embolism. Fibrinolytic activity preparations (alteplase, streptokinase, etc.) are administered to 

the patient's bloodstream in order to dissolve the clot closure of the artery and restore blood 

circulation thereafter. The major risk may be severe bleeding, making it impossible to resolve 

the situation that required thrombolysis. 

The flawless formation of a coagulum limited in a particular place and time is 

conditioned by the correct interaction of many specific substances. Some work to strengthen 

and accelerate blood coagulation, while others are designed to inhibit the blood coagulation 

mechanism. The task of this complex system is to ensure a dynamic balance that not only stops 

bleeding in the event of injury, but also prevents uncontrolled blood clotting that ultimately 

closes the vascular bed. 

Pathophysiology of Leiden mutation 

 

Factor V (FV) is a glycoprotein, a coagulation factor, also called proaccelerin or labile 

factor. Unlike most coagulation factors, it does not have enzymatic activity, it acts as a cofactor. 

FV is activated by thrombin on FVa. Upon activation, it cleaves into two chains, which are 

linked by calcium ions, see Fig. 5. FVa binds to specific receptors on the platelet membrane 

and together with factor Xa and prothrombin forms a prothrombinase complex. The 

prothrombin is then cleaved by activated factor Xa to thrombin. Thus, the role of FVa is on the 

side of procoagulant factors. It might appear that the mutation of factor V, which has 

procoagulant effects, should result in a decrease in the efficiency of the coagulation system. 

Surprisingly, the substitution of 1 amino acid in the structure of the FV Leiden protein compared 

to the FV wild type has no effect on its pro-coagulation activity. The thrombophilia associated 

with the Leiden mutation is conditioned by a change in its degradation. 
 

Activated factor Va is inactivated by activated protein C (APC), which limits its action 

in coagulation. APC binds to FVa at the site of three different arginine residues and causes 

inactivation by proteolytic cleavage. 
 

The Leiden mutation of factor V causes the amino acid substitution arginine for 

glutamine at the 506 position of FV, where there is one APC binding site. This is more difficult 

to bind to PV. The result is the persistence (extension of duration) of FVa activity. This 

thrombophilin state is the result of prolonged exposure to FVa. 
 

The Leiden mutation is also sometimes described as APC resistance - resistance of activated 

factor Va to the anticoagulant activity of activated protein C (APC). APC is required for the 

inactivation of factor Va and VIIIa, and is one of the principal physiological inhibitors of 

coagulation. These inhibitors are among the serpins (serine protease inhibitors). These include 

mainly antithrombin, protein C (PC), protein S, and endothelium-bound thrombomodulin. 
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Fig. 4 Simplified scheme of hemocoagulation cascade with emphasis on APC relationship 
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Fig. 5  Faktor V (FV) 

 

 

Clinical significance  
 

The Leiden mutation shows an interesting dependence on race and geographical 

location. In the Czech Republic, homozygotes for factor V Leiden occur in 1 per 5,000 

inhabitants, heterozygotes account for approximately 5% of the population. The highest 

occurrence of the FV Leiden mutation was detected in Sweden, while it is a very rare mutation 

in Asian or African populations. This is explained by the fact that the mutation originated in the 

Caucasian population about 20 to 34 thousand years ago. Factor V Leiden mutations (and other 

thrombophilic mutations) were retained in the population for a long time, so they had to be 

evolutionary advantageous. Thrombophilic mutations lead to quicker haemostasis, for example 

during combat, hunting or after delivery, which increases the likelihood of the wearer's survival. 

But what was once advantageous today is becoming a burden. Factor V homozygotes for Leiden 

are about 80 times higher risk of developing deep vein thrombosis. In heterozygotes, the risk is 

about 8 times higher without any other risk factor and 30 times higher when combined with 

combined hormonal contraception or hormone replacement. 
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Deep vein thrombosis is the formation of a blood clot 

(thrombus) in the deep venous system. The clot leads to 

obstruction, i.e. a restriction of the blood flow through the 

vein. Deep vein thrombosis mainly affects deep distal veins 

of the lower leg, except popliteal veins or femoral veins up to 

the iliac vein. Tearing the thrombus and passing it through the 

right atrium and ventricle into the pulmonary artery creates 

the most serious complication - pulmonary embolism. It is a 

life-threatening condition caused by obstruction of the a. 

Pulmonalis or its branches. Superficial vein thrombosis, 

which is usually accompanied by inflammation 

(thrombophlebitis), does not lead to pulmonary embolism. 

 

 

 

                                  Fig. 6    Pulmonary embolism 

 

Normally, there is a balance in the body between the formation and dissolution of 

thrombus. In the pathogenesis of thrombosis, risk factors known as the Virchow Triad are 

involved. These are: 1. changes in hemodynamics - slowed blood flow called venostasis. This 

can be caused by long-term bed restraint, limb immobilization, long travel with limited 

movement. 2. damage to the vessel wall, eg during surgery, injury, inflammation, 

arteriosclerosis. 3. thrombophilic conditions, eg, mutations of coagulation factor genes 

(Leiden factor V mutation), or conditions acquired during life, for example by tumor growth. 

Even in patients with an increased risk of thrombus development, it is necessary to create a 

trigger such as infection, trauma, dehydration, smoking, hormonal changes, cancer. 

 
Prevention and treatment monitoring 
 

In thrombophilic conditions, there is a real risk of recurrence of deep vein thrombosis, in women 

there is a higher risk of obstetric complications leading to abortion or premature labor. Women with 

thrombophilia should also not use hormonal contraceptives, as estrogens increase the tendency for blood 

to clot even in healthy women. In the case of thrombophilic conditions, prevention by a specialist 

hematologist should be ensured, especially before planned surgical interventions, long-term flights, 

during pregnancy, the period around childbirth and the puerperium. In some cases prevention throughout 

life is necessary.  
 

Prevention consists of administering anticoagulants, medicines that reduce blood clotting. There 

are risks to treatment with these agents: overdose can lead to severe bleeding, while underdosing is 

ineffective. Therefore, it is usually necessary to monitor the condition of the coagulation system by 

special tests during treatment. 

For short-term prevention, heparin or more modern low-molecular-weight heparin (Fraxiparin, 

Clexan) has the best properties. Both have a rapid onset of action and their predictable (predictable 

course) properties allow for fixed dosing. A disadvantage is the need for administration by the parenteral 

route (parenteral = extracorporeal), e.g., Fraxiparin s.c. - subcutaneously. The efficacy of heparin 

therapy can be quantified using activated partial thromboplastin time (aPTT). This examination 

reflects the state of the internal and common pathways of the coagulation system. Low-molecular-weight 

heparin therapy is usually not required to be controlled, but can be assessed by examining anti Xa 

activity if necessary. 

The group of oral anticoagulants is represented by modern xabans or gatranes and, most 

importantly, still the most widely used, warfarin. Warfarin is a coumarin derivative, originally used as 

a rat poison, which has the ability to inhibit the vitamin K reductase enzyme. This enzyme restores a 
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reduced form of vitamin K, which is necessary for the carboxylation of several coagulation factors. 

Insufficient supply of reduced vitamin K, liver cells are unable to synthesize vitamin K-dependent 

coagulation factors (II, VII, IX and X). The result is a lower amount of vitamin K-dependent factors 

circulating in the blood and thus less readiness to coagulate. 
 

The effects of warfarin do not begin to appear until several days after initiation of therapy and are highly 

variable both interindividually and over time (for example, depending on the vitamin K content in the 

diet). Therefore, warfarin therapy should be continuously monitored by determining prothrombin time 

(PT). Tissue factor (F III) along with sufficient Ca2+ ions is added to citrate-anticoagulated plasma and 

the time to coagulation is measured. The measured time in seconds well reflects the functionality of the 

coagulation system's external path. However, in order to compare values from different laboratories, it 

has proved more practical to express the results as an International Normalized Ratio (INR). 

Basically, it is the ratio of patient's prothrombin time to control (healthy) prothrombin time. 
 

The INR of a healthy patient is between 0.8 -1.2. The patient is effectively coagulated at values between 

2.0 - 3.5. 

 
 

 

 

  

INR = PTpatient / PTnorm 
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Methodic part 

Isolation of nucleic acids 
 

Nucleic acids can be isolated from any biological material that contains cells with 

conserved nuclei. A common source of DNA is blood coagulation leukocytes. Typically, 0.5-

10 ml of venous blood is collected through a preferably sealed collection system into sterile K2-

EDTA tubes. In prenatal diagnosis, amniotic cells and chorionic villi are a common source. If 

it is necessary to obtain material for DNA isolation in a non-invasive manner, DNA is taken 

from the buccal mucosa. DNA can be obtained even from stains of dried blood. The source of 

RNA is most often tissue obtained by biopsy or non-clotting venous blood. 

The quality of the starting material significantly affects the yield, quality and integrity 

of the isolated nucleic acid. The best results are obtained with fresh material. The specimen 

should be immediately processed or immediately frozen (in the case of DNA within three hours 

after collection) and further stored at -80 ° C to avoid DNA fragmentation into shorter fragments 

or RNA degradation (especially mRNA). The material must be kept in a suitable container free 

of the nucleases. This is especially important in the case of RNA which is far less resistant, 

moreover ribonucleases are ubiquitous and very resistant enzymes. 

More recently, formalin-fixed and paraffin embedded (FFPE) tissue samples originally 

obtained for histological examination may be used to isolate both nucleic acids. Although these 

samples do not provide ideal results (nucleic acid fragmentation), they are very valuable 

because they are often the only source of biological material, especially in retrospective studies 

in deceased patients. 

Samples for determining gene expression must be handled with particular care so that 

the measured values correspond to the actual levels present in vivo and not to reflect changes 

that occurred during sample processing. Therefore, samples must be frozen immediately in 

liquid nitrogen and collected at -80 ° C immediately after collection. In cases where this is not 

possible, stabilizers are commercially available. 

DNA was first isolated in 1869 by Friedrich Miescher, and is now 

a routine technique of molecular biology. 
 

Friedrich Miescher (1844-1895)  
 

was a Swiss physician who in 1869 isolated an unknown substance 

from the cell nucleus of leukocytes, which he called "nuclein". He 

concluded that it was a new substance because its characteristics 

did not correspond to known proteins or lipids at that time. Nuclein 

was protease resistant, did not contain sulfur, but contained a 

large amount of phosphorus. Miescher's name was retained in 

today's DNA name - deoxyribonucleic acid. 
 

 

The isolation method depends both on the nature of the biological material from which 

the nucleic acid is to be derived and on the method of subsequent analysis of the obtained 

molecule. In all cases, the first step is lysis of the cells from which the nucleic acids are to be 
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obtained. In blood cells, a detergent is usually sufficient to disrupt biomembranes. Mechanical 

disruption must be used to disrupt solid tissues, such as crushing tissue frozen with liquid 

nitrogen in a mortar, shaking with balls of different materials, special homogenizers. A 

chelating agent - ethylenediaminotetraacetic acid (EDTA) is also added to the lysis solution to 

form non-dissociable complexes with calcium ions. This prevents the cleavage of freshly 

released DNA nucleases (DNases), which are also released during cell lysis. Calcium ions serve 

as the cofactors necessary for their function. Proteinase K (a bacterial enzyme with a 

temperature optimum of about 60 ° C, which does not require calcium or magnesium ions and 

which does not inhibit concentrated surfactants, is also added to ensure cleavage of proteins, 

including DNA-bound histones). To isolate RNA, guanidine thiocyanate and β-

mercaptoethanol are added to the lysis solution as ribonuclease inhibitors located on organelle 

membranes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figr. 7 Preparation of cell lysate for DNA isolation 

 

Ballast substances must be removed from the lysate obtained. The obtained pure nucleic 

acid is diluted to an optimal concentration for further use in a suitable solvent, most often in 

water or buffer. 

 

Currently, two methods are most often used to remove ballast substances: 
 

 Column method 

 

The column method generally works on the principle of ion exchange chromatography. DNA 

and RNA molecules carry a negative charge. In the presence of a high concentration of so-

called chaotropic salts, nucleic acids bind to the silicate while most contaminants flow through 

the column. Typically, ethanol or isopropanol is added to the lysate to improve nucleic acid 

binding to the silicate column. The column is then washed successively with various buffers to 

remove bound contaminants. Finally, the pure nucleic acid is washed with dilute buffer or 

distilled water. 
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Obr. 8 Extrakce DNA z buněčného lyzátu kolonkovou metodou 

Fig. 8 Extraction of DNA from cell lysate by column method 

Chaotropic salts = ionic compounds, which disrupt the regular structure of hydrogen bonds 

in water in liquid form. Sodium iodide, guanidine hydrochloride or guanidine thiocyanate are 

most commonly used in nucleic acid isolation. 

 

 

 

 

 

 

 

 

 

Fig. 9 Principle of DNA binding to silicate membrane in presence of chaotropic salts  
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 Phenol-chloroform method 

 

Traditional reliable, inexpensive method that provides very pure nucleic acids. Its 

disadvantages are laboriousness and lengthy procedure (the entire isolation procedure takes 

about 3 days), work with toxic, corrosive, flammable and odorous substances. A water-

immiscible mixture of phenol and chloroform is added to the lysate to denature the proteins 

present. By denaturation, proteins become less soluble in water and pass into the organic phase 

or remain at the interface of the phases, while nucleic acids remain in the aqueous phase. Lipids 

dissolve in chloroform. Isoamyl alcohol is sometimes added to prevent foaming, especially in 

protein-rich samples. The resulting mixture was shaken vigorously and then centrifuged to 

separate the upper aqueous and lower phenol-chloroform phases. At the interface of these 

phases, an interphase consisting of a white ring of precipitated proteins usually arises. The 

aqueous phase containing the nucleic acids is carefully transferred to a new clean tube. For 

perfect protein removal, it is usually necessary to repeat the extraction several times (no white 

precipitate of proteins will appear at the interface). Even traces of phenol can influence 

subsequent analysis of isolated nucleic acid, eg phenol inhibits PCR. Therefore, for the last 

extraction, chloroform alone or a mixture of chloroform with isoamyl alcohol is used to 

facilitate the removal of phenol from the aqueous phase by increasing its solubility in 

chloroform. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 DNA extraction from cell lysate by phenol-chloroform method 

 
It is necessary to precipitate the nucleic acid from the pure aqueous phase, most often 

with absolute ethanol or isopropanol. Increasing the precipitation efficiency can be achieved by 

lowering the temperature and adding salts (eg sodium acetate, sodium chloride, lithium chloride 

or ammonium acetate). Salts facilitate precipitation by removing the hydration coating from the 

nucleic acid, neutralizing the charge on the sugar-phosphate backbone and thereby reducing its 

solubility in water. Ethanol is a less polar solvent than water. Thus, the nucleic acid is even less 

soluble in ethanol and falls out of solution. The presence of salts turns the pellet white. 
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After removal of the supernatant and washing with 70% ethanol (dissolves the salts 

present), the obtained pure nucleic acid is dissolved in a suitable solvent, most often in water 

or buffer.  

 
 

Fig. 11 Precipitation of DNA from the aqueous phase obtained by the phenol-chloroform 

method 

 

Depending on which nucleic acid we need to obtain, we choose the extraction buffer. 

The pH of the extraction buffer used greatly influences whether DNA or RNA will predominate 

in the aqueous phase. In a neutral or slightly alkaline environment (pH ≈ 7-8), DNA 

predominates. The acidic environment, on the other hand, is more suitable for RNA isolation. 

The reason is the different charge that these molecules carry in an acidic environment. The 

sugar-phosphate backbone of nucleic acids carries a negative charge on its surface in a neutral 

environment. However, if the DNA molecule is in a low pH environment and thus a high 

concentration of H + ions, the phosphate groups are neutralized. This leads to the loss of the 

polar nature of DNA and its transition to the non-polar organic phase. On the other hand, single-

stranded RNA has exposed nitrogenous bases that retain its polar character and keep it in the 

aqueous phase. 
 

  In any case, but we get the desired nucleic acid contaminated by the other. If it is 

necessary to work with pure DNA, the contaminating RNA is removed by RNase treatment and 

the DNA is purified again by phenol-chloroform extraction followed by ethanol precipitation. 

If we need to obtain pure RNA for further work, remove the DNA present by DNase treatment. 

RNA is reprecipitated with isopropanol and washed with ethanol. 

As described above, total RNA is obtained. Sometimes it is preferable to isolate only mRNA 

because total RNA contains a high proportion of tRNA and rRNA. After lysis and 

homogenization of the sample and denaturation of total RNA, selective capture of poly (A) 

RNA = mRNA on immobilized oligo (dT) 20 affinity is performed, unwanted components are 

removed, bound mRNA is washed and then released from the affinant into solution. 
 

Currently, there are a number of commercially available kits for isolating genomic 

DNA, plasmid DNA, total RNA, and individual RNA types (mRNA, rRNA, miRNA, snRNA, 

etc.) from various biological materials. Automatic nucleic acid isolators are even available for 

routine clinical laboratories. Because centrifugation is difficult for automatic lines, magnetic 

beads are used to separate the components. These beads have a silicate surface to which the 

nucleic acid specifically binds. During washing, the beads are held by a magnet. Finally, the 

pure nucleic acid is eluted from the surface of the separated beads.  
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Storage of isolated nucleic acid 

DNA is a relatively stable molecule, yet it must be protected from nuclease degradation. 

Being a very long molecule, it is prone to fracture. Therefore, coarse pipetting (excessive 

suction and discharge of pipetted fluid) and excessive vortexing should be avoided during 

isolation and further handling of the DNA sample. The DNA is stored dissolved in a buffer such 

as TE (Tris / EDTA) buffer (10 mM Tris-HCl (tris-hydroxymethylaminomethane 

hydrochloride) and 1 mM EDTA (chelaton 3), pH 8.5) because it hydrolyzes in water. The Tris 

component maintains a stable pH, EDTA chelates calcium and magnesium ions, thereby 

blocking the unwanted activity of DNases and to some extent RNases in the sample. The 

isolated DNA is stored for short periods (days) at 4 ° C and long term (weeks-months) at -20 °C 

or -80 ° C. Repeated freezing and thawing, which also damages DNA, should be avoided. RNA 

is usually stored in nuclease-free water (RNase-free water) at -20 ° C or -80 ° C. 
 

Quantification and control of nucleic acid purity 

Several methods can be used to determine the concentration of nucleic acids and to 

check their purity - spectrophotometry, electrophoretic evaluation or fluorescence DNA-

binding dyes. 

In practice we will use spectrophotometric determination. A pure nucleic acid solution 

(DNA and RNA) has an absorption maximum at 260 nm, proteins absorb at maximum 280 nm, 

at 230 nm the absorption maximum has low molecular weight substances (eg phenol, 

chloroform, EDTA, polysaccharides…). Absorbance at 320 nm means the presence of 

undissolved solid particles or a contaminated cuvette. 
 

The nucleic acid concentration is calculated from the measured absorbance at 260 nm. 

It is based on the following relationships: 

 

A260 = 1 if in the measured solution: 

 double stranded DNA (dsDNA) at a concentration of 50 µg / ml 

 single-stranded DNA at 37 µg / ml 

 RNA of 40 µg / ml 

 

The sample purity is evaluated according to the absorbance ratios A260 / A280 and 

A260 / A230. The ratio A260 / A280 for pure DNA should be about 1.8, for RNA about 2. The 

ratio A 260 / A230 for pure DNA should be higher than 2.0. If the ratio is significantly lower, 

the solution is contaminated with proteins or phenol. If the required purity of the samples is not 

met, it is necessary to reprecipitate the sample, which leads to a significant reduction in the 

impurity content. 
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Fig. 12 DNA absorption spectrum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 Sample recording from DeNovix DS-11 
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PCR 

Polymerase Chain Reaction (PCR) is an enzymatic method allowing in vitro 

multiplication (amplification) of a selected segment of DNA flanked by short oligonucleotides, 

called primers. The method works on the principle of nucleic acid replication. It allows very 

quickly to obtain millions of exact copies from very small amounts of input material, even from 

DNA from a single cell, ie from a single DNA molecule. The reaction itself is based on cyclic 

temperature changes. Since this is a chaining of these cycles, we call this methodology a chain 

reaction. 

Composition of the reaction mixture 

In the polymerase chain reaction it is necessary to insert:  

1. DNA template - dsDNA as template (template) for synthesis  

2. dNTP = dATP, dGTP, dCTP, dTTP - a mixture of deoxynucleoside triphosphates 

representing the building blocks from which a new DNA strand is synthesized.  

3. primers - two synthetic oligonucleotides that define the amplified region  

4. DNA polymerase - an enzyme that performs DNA synthesis  

5. Buffer = medium suitable for polymerase activity, the composition can influence the yield 

and specificity of the reaction.  

The total reaction volume is selected as needed, most commonly 15-100 μl. 

Principle and course of reaction 

The reaction, based on cyclic temperature alternation, consists of three periodically repeating 

steps: 

1. Denaturation - by increasing the temperature of the reaction mixture to approx. 95 ° C breaks 

the hydrogen bridges between the bases in the double stranded DNA. Thus, two single-stranded 

DNA molecules are formed.  

2. Annealing - cooling of the reaction mixture to a temperature at which primers can 

specifically bind to the complementary sequence of the template DNA strand. The temperature 

depends on the length and nucleotide composition of the primers. Most often this temperature 

is between 50 and 60 ° C.  

3. Synthesis of new strands - in this step the DNA polymerase primers extend (elongation) - 

heating the mixture to the temperature optimum of DNA polymerase (usually 72 ° C) will allow 

efficient synthesis of the desired length fragment at a given time. The duration of each cycle 

depends on the length of the replicated fragment and the type of polymerase. 
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Fig. 14 Temperature variation during PCR 

The cycle is repeated periodically 15 - 40 times, resulting in exponential multiplication 

of the selected fragment. How is it ensured that the currently selected fragment is created? A 

new strand of DNA is synthesized by a DNA polymerase that does not sit at the primer site and 

lengthens it. In the first cycle it could theoretically synthesize to the end of the pattern chain. 

Practically this does not occur, because earlier denaturation occurs in the next, ie the second 

cycle. In the 2nd cycle, double-stranded DNA is released into individual strands. The 4 strands 

thus formed are primed again and everything is repeated, except that if the template is a strand 

formed in cycle 1, the strand ends at the first primer, so that the new strand is of the appropriate 

length. These short specific products increase exponentially, while longer products (according 

to the original long template) multiply linearly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15 PCR process 

1 cycle 
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In order to avoid the need to add a new enzyme after each denaturation, a thermostable 

DNA polymerase is used which does not lose its activity even after heating to 95°C. Most 

commonly, DNA polymerase derived from the thermophilic bacterium Thermus aquaticus, 

called Taq polymerase, is used. In order to prevent polymerase from working at low 

temperature, which may lead to non-specific amplification, a so-called hot-start polymerase is 

used. These enzymes typically utilize monoclonal antibodies that bind to the catalytic site of 

the enzyme, thereby reversibly blocking its activity. The first denaturation cycle results in 

irreversible temperature denaturation of the antibody, thereby unblocking enzymatic activity. 
 

A key condition for success is choosing the right primers. These oligonucleotides, 

typically 17-25 nucleotides in length, hybridize to the complementary sequence of opposite 

strands of the template DNA, thus flanking the amplified sequence. Thus, it must be 

complementary to the target DNA but not complementary to one another or within one of the 

primers. These oligonucleotides, after hybridization at the 3 & apos; end, are extended by DNA 

polymerase, which cannot begin synthesis of the complementary DNA strand de novo. Their 

sequence is given in the 5'-3´ direction of the copied thread, the first one is called forward 

(upstream) and the second one is called reverse (downstream). The selected sequences should 

be unique, specific to the amplified sequence, so as not to expand any region other than the 

desired one. They should also have the same or at least similar annealing temperature. The 

annealing temperature can be approximately calculated by various methods, but it must always 

be empirically optimized for amplification to be specific at sufficient yield. At too low a 

temperature, the primers can anneal to sequences that are not completely complementary. This 

creates a non-specific product. At too high a temperature, the primers do not hybridize 

sufficiently and the product is formed in very small amounts. 
 

Last but not least, amplification efficiency is influenced by the quality and purity of the 

template DNA. The impurities contained in the sample may act as polymerase inhibitors or 

slow the polymerase reaction considerably by binding to template DNA and making it 

unavailable for polymerase binding. 
 

Since well denatured DNA is essential for a successful PCR run, initial denaturation 

(usually 95°C for 2 - 3 min) is preceded by a block of cycles that ensures the separation of 

dsDNA into two ssDNAs. After completion of the selected number of cycles, a step for 

synthesizing the fragments of -72°C, 5-7 min, is then inserted as standard, then the reaction 

mixture is cooled to 4 ° C.  
 

Denaturation and renaturation of DNA 

Rising ambient temperatures (as well as strongly alkaline pH) lead to breakdown of 

hydrogen bridges between the fibers of the double helix. We are talking about DNA 

denaturation. This change is reversible. Returning to the original double-stranded state, the so-

called renaturation (= hybridization), can be achieved by slow cooling. It does not occur with 

rapid cooling. Under appropriate conditions, fibers of different origins can thus form a double 

helix only on the basis of base complementarity. 
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   Fig. 16 Denaturation of DNA 

The stability characteristic of a dsDNA fragment is its melting temperature (Tm). It is 

the temperature at which double stranded DNA is half denatured. This temperature depends on 

the length of the fragment, its nucleotide composition (a higher proportion of GC pairs increases 

the melting point) and other factors such as pH or ionic strength of the solution. 

For oligonucleotides shorter than 50 bp, it can be calculated as follows: 

Tm = 2× (number of AT pairs) + 4× (number of GC pairs) 

The hybridization temperature is 5 °C lower than Tm. 

Amplification of RNA  

In the case of RNA amplification, reverse transcription is performed followed by polymerase chain 

reaction (RT - PCR). In reverse transcription, the reaction mixture consists of the following components: 

• template RNA 

• reverse transcriptase, an enzyme that performs reverse transcription of RNA to single stranded DNA 

• a synthetic oligonucleotide 

o for reverse transcription of mRNA, an oligonucleotide oligo (dT)12-24 is used which attaches to 

the polyadenyl chain, or a mixture of oligonucleotides (usually hexamers) with different 

sequences that attach to random complementary RNA sequences 

o a gene-specific primer is used to reverse transcribe a particular selected RNA with a known 

portion of the nucleotide sequence 

• ribonuclease inhibitor 

 

Common reverse transcription is as follows: 

1. Denaturation of RNA prior to reaction mixture preparation 

2. Preparation of the reaction mixture 

3. Primer attachment at appropriate temperature (for oligo (dT) 15 25 ° C 10 min) 

4. Synthetic reaction (approx. 42 °C 60 min) 

5. Thermal inactivation of the enzyme (at 99 °C for 5 min) 

6. Cooling the mixture to 4 °C 

 

Subsequent PCR, in which reverse transcriptase synthesized 1st strand cDNA is amplified to conventional 

double stranded DNA, is no longer substantially different from the above PCR.  
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Restriction Endonucleases (Restrictases) 

Restriction endonucleases are bacterial enzymes that break down foreign dsDNA into 

shorter regions, the so-called restriction fragments. Bacteria serve as a kind of "immune system" 

that protects them from foreign DNA. The bacterial DNA itself is protected against degradation 

by methylation at the sites recognized by the sequences. These bacterial enzymes can be 

isolated and used in a molecular biological laboratory to fragment DNA. 

Restriction endonucleases are classified according to their properties into 4 types. 

Endonucleases of type II have practical application in DNA analysis. These restrictases do not 

randomly cleave DNA, but recognize specific sequences (restriction sites) and cleave DNA 

directly in, or in close proximity to, them. These sites are usually about 4-8 nucleotides in length 

and often have the character of palindromes (inverted repeats). Phosphodiester bond cleavage 

occurs simultaneously on both chains. If cleavage occurs exactly in the middle of the restriction 

site, so-called blunt ends are formed. If cleavage occurs at a different location, ends with 

different lengths of overhang occur, the so-called sticky ends. 

  

 

 

 

 

 

 

 

 

 

Fig. 17 Cleavage patterns 

Currently, more than 4000 restrictionases are known to recognize more than 300 different 

sequences. There are databases, eg REBASE® (rebase.neb.com), in which it is possible to search for 

restrictases, for example according to the recognition sequence. 

The nomenclature of restriction endonucleases is quite specific. The first three letters of the name are 

derived from the genus (first letter) and species names (second and third letters) of the organism from 

which the restrictase originates, eg Eco for Escherichia coli or Hin for Haemophilus influenzae. This 

is followed by the symbol to denote the strain, Hind for H. influenzae strain d. The last part of the 

name is the Roman numeral denoting the individual restrictases produced by the same strain, HindII 

and HindIII. Cleavage of DNA by restriction endonucleases is widely used eg restriction DNA 

analysis, molecular cloning, cDNA libraries production…  

http://rebase.neb.com/
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Determination of SNP 

A method called "restriction fragment length polymorphism" (RFLP) or its modification 

by PCR-RFLP = Amplified Fragment Length Polymorphism (AFLP) can be used to determine 

single nucleotide polymorphisms. In practice we will use a modified method. 

In a first step, the DNA to be analyzed is isolated. The region with suspected 

polymorphism is amplified by PCR. The PCR product obtained is subjected to restriction 

digestion. The original method uses directly isolated genomic DNA for restriction digestion. If 

two alleles differ by a nucleotide sequence that is part of a restriction endonuclease site on one 

of them, that restriction site is disrupted on the other, i.e. the DNA is not cleaved at that site by 

the restriction site. After digestion with a given restriction enzyme, the fragments of the same 

length differ initially in length. The fragments obtained are analyzed by gel electrophoresis. 

Since genomic DNA is cleaved by a given number of other restriction sites in addition to the 

target sequence, the cleavage results in a huge number of fragments that form a continuous 

"smudge" on electrophoresis. Southern blots are therefore required to determine the position 

of the fragments of the sequence of interest. In the PCR -RFLP method, only a few fragments 

result from cleavage, and therefore we see the result directly in electrophoresis. 

 

Southern blot/blotting 

Southern blotting is a hybridization technique named after E. Southern who introduced the procedure. DNA was 

separated according to fragment size by agarose gel electrophoresis and converted to a single-stranded structure 

by denaturation in NaOH solution. Single stranded DNA (ssDNA) is transferred to a nylon or nitrocellulose 

membrane. The transfer of DNA from the gel to the membrane (blotting) is carried out either by capillary action 

or by means of electrical forces (electroblotting). DNA is anchored to the membrane (most often by UV radiation). 

The membrane is then incubated in a solution containing labeled defined DNA probe fragments. These probes 

hybridize (forming double stranded regions) with complementary strands of the anchored DNA. After 

hybridization, unbound probes are washed off and the position of the bound probes is detected. If the probes are 

radiolabeled, autoradiography is performed - the membrane is placed on the X-ray film and exposed. Once the 

film is developed, a signal will be in place of the hybridized radioactive probe. However, there are also 

commercially available kits for non-radioactive labeling, such as fluorescent or chemiluminescent labels. 

There is a similar hybridization technique for RNA analysis called Northern blot. 
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Electrophoresis  
 

The basic technique for nucleic acid separation, identification and purification is gel 

electrophoresis. Nucleic acids behave as polyanions in a slightly alkaline environment (pH 

≈8.5). As the number of nucleotides in the molecule increases, its charge increases 

proportionally. Therefore, they move in the electric field towards the anode. To achieve their 

size distribution, we use a suitable carrier, most commonly an agarose or polyacrylamide gel, 

which serves as a molecular sieve. Larger molecules move much worse than smaller molecules. 

Agarose gels are used for longer fragments (500 bp - 25 kbp), polyacrylamide gels for 

shorter fragments. The agarose gel separating ability can be influenced by the agarose 

concentration.  

agarose concentration in the gel 

(%) 

lengths effectively separated DNA fragments 

(kbp) 

0,5  30 – 1  

0,7  12 – 0,8  

1,0  10 – 0,5  

1,2  7 – 0,4  

1,5  3 – 0,2  
 

Agarose gel electrophoresis is performed in a horizontal design. Prepare a gel with a 

given concentration of agarose in electrophoretic buffer (TAE or TBE) having a thickness of 

0.5 - 1 cm and at the start of the sample well. The gel is placed in an electrophoretic vessel and 

poured into the electrophoresis buffer so that a 1 mm buffer layer is above the gel. 

Before loading on the gel, the sample is mixed with loading buffer, which increases the 

density of the mixture and thus facilitates application to the well. The coating buffer also 

contains a dye which migrates in the same direction as the nucleic acids under the influence of 

an electric field, thus providing an opportunity to estimate the position of the fragmented 

fragments. Most commonly, bromophenol blue is used, which proceeds at the same rate as a 

500bp DNA fragment. 

To determine the lengths of the fragments to be analyzed, it is suitable to apply both 

samples and gel to the samples, i.e. a mixture of DNA fragments of appropriate lengths of 

known size. 

After application of the samples, electrophoresis is connected to an electrical source, the 

voltage is 1-10 V / cm of gel length, and the run time is selected according to the length of the 

fragmented fragments. 

The separated fragments can be visualized by staining the gel with ethidium bromide, a 

dye that intercalates into DNA and glows orange fluorescent orange under ultraviolet radiation. 

The gel can be stained after electrophoresis by bathing in ethidium bromide solution (0.5 μg / 

ml) or ethidium bromide can be added to the gel during its preparation (final concentration of 

ethidium bromide in the gel - 0.5 μg / ml). Ethidium bromide is a potential carcinogen. 
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Fig. 18 Electrophoresis - principle 

 

 

 

 

 

 

 

 

 

Fig. 19 Horizontal gel electrophoresis apparatus  
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Interpretation of results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20 Cleavage of the PCR product with MnII restriction endonuclease 

 

Why do we see strips of given lengths (158, 130, 93 and 37bp)? 

A restriction endonuclease MnII recognizes a particular sequence. The recognition 

sequence also includes a site where, if present, the Leiden mutation. 

For wt homozygotes, 2 restriction sites are present in the PCR product. The product is 

split into 3 parts. Thus, there will be 3 strips (158, 93 and 37bp) on electrophoresis. 

By changing the nucleotide in the case of a mutation, one of the restriction sites 

terminates and does not cleave at that site. The product is cleaved at only one site. Thus, only 

2 parts are produced. Electrophoresis shows 2 bands (158 and 130 bp). This is the case of the 

homozygote Leiden. 

In heterozygote, which includes both variants, we will see 4 bands (1. is common to 

both variants - 158bp, 2. uncleaved (L allele) - 130bp, 3. and 4. two splice segments (normal 

allele) 93 and 37bp). 
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Tools and slang terms 

Eppendorf tube (Eppendorf microtube) 

Small plastic tube (usually 1.5 ml) with a lid and conical bottom. It is perhaps the most 

versatile and most commonly used "container" in biochemistry and molecular biology 

laboratories. It can be used wherever small volumes are used (in the order of tens to 

hundreds of microliters). It is used not only for carrying out reactions, but also for 

preparing and storing solutions. It is also suitable for storing deep-frozen specimens (-

80 ° C). It can withstand temperatures of 100 ° C during reactions. The tube is 

autoclavable. 

 

Autoclaving is a common and very efficient method of sterilization with humid air at high pressure and temperature 

(steam sterilization), typically 120 ° C for 15 minutes. 

The attached cap easily allows a tight closure that prevents contamination during work and makes the 

eppendorf container suitable for long-term storage. 

The conical bottom allows centrifugation, and this tube shape with a narrow bottom space makes it easy 

to work with small volumes, ie even if there is only a minimal volume in the tube, it is still relatively 

convenient to pipet from there. 

The slang name of eppendorf comes from the name of the company that first launched this type of test 

tube in 1963 (the German company Eppendorf, founded in 1945 in Hamburg in the Eppendorf district, 

which gave the company its name). The tubes are made of polypropylene, which is a very chemically 

resistant material that can withstand extreme temperatures (-90 ° C to +121 ° C). Over the last 50 years, 

tube design has evolved into many minor enhancements that can make work more enjoyable, and some 

are pointing to one particular type of use. Eppendorfs are available with a "safe-lock" lid lock to prevent 

easy opening, a tube with a completely clear wall that allows their direct use as cuvettes for optical 

methods. The tube wall may have a coarse volume scale or an "indelible" label area. 

Vortex (vortex mixer) 

Apparatus designed to thoroughly mix the contents of small tubes and containers. When the tube is 

pushed into the rubber part at the top of the instrument, the motor starts and the rubber part oscillates 

rapidly in a circular motion, the motion is transmitted to the fluid inside the container and is vortexed 

very efficiently. Most instruments have adjustable speed and choice of whether the engine is running 

continuously or only when the rubber part is pushed on the tube. 

 
 

 Multiple ways are possible to place the vortex tube 

(press in the center of the rubber part or just lean 

against the edge). Usually only a short application (5-

10 seconds) is sufficient for normal mixing of the 

solution, but in some procedures intensive stirring for 

a longer time is required. 
 

When mixing the contents of the eppendorf tube it is necessary that one finger of the hand in which we 

hold the eppendorf tube secure the lid against possible opening! Otherwise, there is a risk of splashing. 

For this reason, it is not recommended to vortex corrosives. 
 

vortex = mix on vortex 

 

Microcentrifuge 
 

Microcentrifuge is a centrifuge designed to centrifuge small tubes (eppendorfs). 

 


