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Basics of plant biochemistry and physiology. - Biochemical Part
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Szkoła Główna Gospodarstwa Wiejskiego w Warszawie realizuje projekt współfinansowany z Europejskiego Funduszu Społecznego w ramach Programu Operacyjnego Wiedza Edukacja Rozwój na lata 2014-2020
,,Sukces z natury — kompleksowy program podniesienia jakości zarządzania procesem kształcenia i jakości nauczania Szkoły Głównej Gospodarstwa Wiejskiego w Warszawie’’.



Properties of amino acids and proteins*
*According to “Właściwości aminokwasów i białek” – Anna Miazek Barbara Zagdańska, Copyright by Wydawniscwto SGGW, Warszawa 2018, translated by Anna Rybarczyk-Płońska
Objective
The purpose of the laboratory exercise is to introduce some reactions typical for amino acids and proteins. Those chemical reactions allow distinguishing free amino acids from proteins and other organic compounds, they also make detection of sulfuric and aromatic amino acids possible. In addition, this lab exercise shows some physicochemical properties of proteins that lead to their denaturation or precipitation out of solution (protein salting out).
Introduction
Amino acids are organic compounds containing amino and carboxylate groups together with hydrogen atom, which are all bound to α-carbon atom. This is a structural feature common for all amino acids. Chemical variety of amino acids is caused by structural differences of a side chain (R group) attached to α-carbon. There are around 200 amino acids that exist in the nature, however only 20 of them compose protein structures.
All protein amino acids are α-amino acids. The α-carbon atoms are asymmetric, which leads to occurrence of two optical isomers (stereoisomers) L and D (Figure 1) being mirror images. Only glycine is optically inactive because it does not contain asymmetric carbon atom (Figure 2).
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Figure 1. General structures of stereoisomeric forms of amino acids
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Figure 2. Structures of protein amino acids
[image: ]In aqueous solutions, amino acids occur as ionic forms and depending on surrounding pH, they can be present as cationic, anionic or zwitterion forms. At neutral pH, amino acids occur as zwitterion forms (Figure 3, form II). As pH of the solution decreases, dissociation of carboxylate group (COOH) is inhibited but amino group (NH3+) remains protonated (Figure 3. form I). However, as amount of OH- ions increases, H+ ions that are attached to amino group, dissociate and form H2O molecule after bonding with OH- ions. The NH3+ group after H+ lost becomes electroneutral, but carboxylate group remains as anionic form COO- (Figure 3, form III). 
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Figure 3. Influence of pH on ionization of amino acids
The acid-base properties of amino acids are influenced by not only dissociation states of amino and carboxylate groups, but by dissociation constants of side groups that are charged and are parts of such amino acids as glutamic acid, aspartic acid, cysteine, tyrosine, arginine, lysine, histidine.
At certain pH values of solution, net charge of amino, carboxylate and possibly side groups is equal to zero. In that case, amino acid is at isoelectric point (pHi).
Reactivity of α-amino and α-carboxylate groups, as well as chemical and physicochemical properties of side groups of amino acids are used in different reactions in order to quantitatively determine, identify or separate those compounds.
Free groups of α-amino acids can react with different compounds producing colorful products. Some of those reactions allow to determine all amino acids, whereas other reactions are characteristic for amino acids with a certain side group (for example aromatic amino acids or with a –SH group).
Reagents
1. 1% glycine
2. Protein solution for salting out
3. Protein solution for other reactions
4. 0,1% ninhydrin
5. 6M NaOH
6. 0,5% CuSO4
7. Concentrated HNO3
8. 1% (CH3COO)2Pb
9. 10% TCA (CCl3COOH)
10. Saturated solution of (NH4)2SO4
11. Crystallized (NH4)2SO4
12. 1% CH3COOH
Task 1. Free amino acids detection
The presence of free amino acids in solution can be detected conducting ninhydrin reaction (Figure 4). Colorful reaction with ninhydrin (hydrate of indane-1,2,3-trione) was observed for the first time by Siegfried Ruhemann on skin in 1910. It appeared that a purple color (violet-blue) is a result of this reaction with amino acids. It was not easy to determine a chemical mechanism of the ninhydrin reaction. There are still different mechanisms that can be found in textbooks. The one presented below shows ninhydrin tautomer (its trione structure) with alanine condensation leading to a Schiff’s base formation. Afterwards decarboxylation with a following hydrolysis of the Schiff’s base occurs forming an intermediate amine. The intermediate condensates then with another ninhydrin molecule leading to production of Ruhemann’s purple. 
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Figure 4. Mechanism of ninhydrin with amino acid reaction
The color intensity of complex is directly proportional to concentration of α-amino acids; therefore, ninhydrin reaction is a basis for quantitative determination of free α-amino acids using colorimetric method. Other compounds containing amino group (ammonia salts, amino sugars, and ammonium) also undergo the ninhydrin reaction. Peptides and proteins can react with ninhydrine as well, however only to a small extent. Imino acids (proline and hydroxyproline) reacting with ninhydrin give yellow color, that changes in purple-red color after longer heating. The ninhydrin reaction is conducted in biomedical and microbiological assays. It is also used in food research and for fingerprints revealing.
Procedure
Transfer 1 mL of glycine solution (1) to one glass tube, to another glass tube transfer 1 mL of protein solution (3), add 1mL of ninhydrin (4), mix and place both tubes in boiling water bath for 3 min.
Task 2. Detection of amino acids containing aromatic ring
The presence of amino acids (free or comprising peptides or proteins) containing aromatic group can be determined conducting xanthoproteic reaction (Figure 5). The reaction is based on the formation of nitric derivatives of aromatic ring in the presence of nitric acid. Those derivatives have orange color at alkaline conditions. 
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Figure 5. Mechanism of xanthoproteic reaction
Procedure
Transfer 1 mL of glycine solution (1) to one glass tube, to another glass tube transfer 1 mL of protein solution (3), add 1 mL of concentrated nitric acid (7) to both tubes and mix. Heat the tubes in boiling water bath for 5 minutes, leave them to cool and to both tubes add gradually 3,5 mL of sodium base (5). Carefully under fume hood! 
Task 3. Detection of amino acids containing sulfhydryl groups
Amino acids that include a sulfhydryl group (-SH) in a side chain – as cysteine, or disulfide bonds (-S-S-) as cystine, can be detected using reaction with lead salts (Figure 6). Those compounds when heating at 100 °C and at alkaline conditions become hydrolyzed.  Sulfur that is released as sulfide ions constitutes with lead (II) ions black insoluble precipitate of lead (II) sulfide.
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Figure 6. Mechanism of cysteine with lead salt reaction
Methionine gives negative results in that reaction despite containing sulfur (II) in its structure. It is caused by the presence of a thioether group (-S-) in a side chain of that amino acid. The group reduces to a large extent reactivity of sulphur as compared to sulfhydryl group (-SH). 
Procedure
Transfer 1 mL of glycine solution (1) to one glass tube, to another glass tube transfer 1 mL of protein solution (3), add 2 mL of sodium base (5) and 0,5 mL of lead acetate (II) (8) to both tubes, mix and heat in boiling water bath for 3 – 5 min.
Task 4. Distinguishing proteins (or peptides) from free amino acids 
Amino acids have ability to covalently connect through amidic bonds called peptides bonds (Figure 7), forming linear and non-branched polymers. The peptide bond is developed between α-carboxylate group of one amino acid (amino group stays free, N-terminus) and α-amino group of second amino acid (carboxylate group stays free, C-terminus). 
An abbreviation Ala-Gly means that alanine is the N-terminal amino acid and glycine is the C-terminal amino acid. Therefore, an abbreviation Gly-Ala represents very different dipeptide.
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Figure 7. Formation of peptide bond

The presence of peptide bonds in proteins or peptides, containing at least two such bonds, can be detected conducting biuret reaction (Piotrowski’s test), which is based on the ability of copper ions to form violet complex with peptide bonds at alkaline conditions. The simplest compound, which gives positive result, is biuret (diurea), from which the name of that reaction was originated (Figure 8).
[image: ]
Figure 8. Structure of diurea
Procedure
Transfer 1 mL of protein solution (3) to one glass tube, to another glass tube transfer 1 mL of glycine solution (2), add 2 mL of sodium base (5) and afterwards add 0,5 mL of copper sulfate (5), mix well.
Protein denaturation
Proteins are compounds that are sensitive to influence of many factors leading to irreversible changes in their structure and to loss of biological activity, which is to molecule denaturation. As a result of denaturation secondary, tertiary and quaternary structure of proteins are degraded, whereas primary structure stays unchanged. Strong peptide bonds are preserved, but weak hydrogen bonds, electrostatic and hydrophobic interactions together with disulfide bonds are disrupted.
Protein denaturation can be caused by high temperature, too low or too high concentrations of hydrogen ions (thus acids or bases), and high concentrations of heavy metal salts, organic solvents (alcohol or acetone). As a result of denaturation, protein solubility is most often lower and these compounds precipitate as pellets from a solution. This process is used in practice to solution deproteinisation, for example in order to isolate or determine other compounds. A trichloroacetic acid (TCA) is often used to deproteinize samples, and proteins that were precipitated are removed by samples centrifugation.  
Task 5. Protein thermal denaturation
Protein thermal denaturation is a result of disruption of relatively weak hydrogen and hydrophobic bonds. This leads to unfolding of polypeptide chains and to their aggregation, which in turn causes protein coagulation.
Procedure
Add 1 mL of a protein solution (3) to a glass tube, heat carefully in boiling water bath.
Task 6. Acid-induced protein precipitation
Denaturation effect of strong acids is based on reverse of carboxylate group dissociation and on loss of electric charge, which leads to disruption of ionic bonds. Concentrated acids cause also releasing of hydrogen bonds. 
Procedure
Transfer 1 mL of a protein solution (3) to a glass tube and add 1 mL of trichloroacetic acid (9).
Task 7. Protein precipitation induced by heavy metal salts
Protein, at pH higher than its isoelectric point, has a negative charge and can react with cations. Heavy metal cations, for example Pb2+, may form insoluble salts with proteins, which precipitate from a solution. Denaturation effect of heavy metal salts could be also a result of their reaction with SH- groups and disulfide bonds disruption. 
Procedure
Transfer 1 mL of a protein solution (3) to a glass tube and add gradually 1 mL of lead acetate (II) (8).
Task 8. Protein salting out
The majority of proteins are well soluble in water or in water salt solutions of low concentration. It is caused by a fact that polar groups of proteins interact with water, protein molecules are hydrated. However high concentrations of salt lead to protein precipitation from a solution, because highly dissociated salt ions remove water molecules from protein molecules causing protein to aggregate and precipitate. 
The process, named salting out, is often conducted for protein fractionation using ammonium sulfate.  It is the easiest to salt out protein when it occurs at isoelectric point, what means that is electroneutral. At pH above or below isoelectric point, proteins have negative or positive net electric charge respectively, resulting in a fact that protein molecules are surrounded by water dipole molecules. Proteins with different isoelectric points at the same pH have different electric charges and different affinities to water, which enables their fractionation and separation. When salting out is conducted at temperature below 50 °C, precipitated protein maintains characteristic features of native protein after dissolving. Salted out protein can be dissolved again after salt removal or dilution of solution.
Procedure
Transfer 10 mL of a protein from egg white solution (2) to a 100 mL Erlenmeyer flask; add the same volume of saturated ammonium sulfate solution (10) and mix. At these conditions globulins precipitate. Pass the mixture through a paper filter and collect a filtrate to a dry Erlenmeyer flask.
To a part of the filtrate, add gradually small portions of crystallized ammonium sulfate (11) and mix simultaneously until solution is saturated. Pass around 1mL of the solution through a paper filter and collect a filtrate in a glass tube. Add a drop of acetic acid (12) and heat in boiling water bath. The lack of precipitate means that proteins were removed from the solution.
Questions 
1. Which carbon atom of alanine is the center of asymmetry? Give the formula of any amino acid in L and D form.
1. Which amino acid functional groups are involved in the production of the peptide bond? Write a scheme for the formation of a peptide bond.
1. What do we mean by protein denaturation and what factors cause it? Which structural features disappear in the denatured protein, and which are preserved? What reaction allows amino acids to be distinguished from other organic compounds? Write and describe this reaction.
1. Write the alanyl-phenylalanyl-serine formula at pH = pHi. Which of the known reactions of characteristic amino acids will detect this tripeptide in solution. Describe its principle.
1. Write the chemical formula and give the name of the amino acid with the hydrophilic side group without charge, mark the alpha carbon.
1. Explain the concept of isoelectric point? Draw an example of any amino acid in its ionic form depending on the pH changes.
1. What is the main difference between salting out and protein denaturation, when protein salting out is used.
1. Draw any tripeptide. Mark the N and C terminus of the peptide and peptide bonds. What reaction allows these bonds to be detected, and briefly discuss the principle of this reaction.
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Quantitative photometric protein determination*
*According to “Fotometryczne oznaczanie zawartości białka” – Sławomir Orzechowski, Copyright by Wydawniscwto SGGW, Warszawa 2018, translated by Anna Rybarczyk-Płońska
Objective
The aim of the laboratory exercise is to show principles, on which the most often used methods for protein determination that exploit structural features of proteins, are based. A parallel purpose of the exercise is to introduce a frequently conducted quantitative photometric analysis of proteins showing Lowry method as an example. 
Introduction
The methods for quantitative protein determination are based on characteristic features of their structure. The most often used structural features of proteins are as follows:
1. The presence of aromatic amino acids (phenylalanine, tyrosine and tryptophan) in the sequence
2. The occurrence of peptide bonds
3. The occurrence of basic amino acids (arginine, lysine and histidine)
Photometric methods for protein determination
In photometric methods it is used the phenomenon of an electromagnetic radiation absorption by different substances. A measurement of the absorption of light at certain vibration frequency (wavelength) can be a measure of a concentration of a substance that absorbs radiation and is a basis of the quantitative photometric analysis. In the assays, there are used spectra of particular compounds or colorful products formed in chemical reactions, which can be determined using spectrophotometric or colorimetric methods. The ability to absorb electromagnetic radiation at certain wavelength by a certain substance depends on its structure, especially on a presence and location of unsaturated bonds (double bonds in particular). Colorful substances absorb the wavelengths range of visible light (340-800 nm) in a color that is complementary to the one observed by human eye, for instance red is complementary to blue, violet to yellow and green to orange. 
The level of light absorption, which measure is an absorbance, is proportional to a concentration of absorbing substance, whereas this relation is the more exact, the smaller range of wavelengths of an incident light beam (monochromatic light) is. To obtain a beam of monochromatic light quartz prisms or diffraction gratings are used. The quantitative photometric methods are based on Beer-Lambert law, according to which absorbance (A) depends on the base 10 logarithm of the quotient of initial light intensity (Io) by light intensity that was not absorbed after passing through the sample (I). Expressing that differently, absorbance depends on a molar concentration of a tested substance (c), on a length of a solution the light passes through (d) and on a molar absorptivity (ε):

The length of the solution (d) is usually 1 cm and measurements are conducted using cuvettes made of quartz, glass or plastic. The cuvettes vary in transmittance of monochromatic light of different wavelength, for example, quartz cuvettes should be used when wavelength range is 190 – 320 nm. The molar absorptivity (ε) is characteristic for a tested substance and is determined experimentally for 1 M concentration of a tested substance and at length of the solution of 1 cm. This absorptivity depends on a structure of a tested substance (presence of aromatic rings, heterocyclic rings, double bonds etc.), it can be used for a determination of concentrations of given substances when homogenous solutions of those substances are available. Usually, instead of using molar absorptivity value, it is easier to draw a standard curve for a substance determination. The curve is graphed by plotting on Y-axis absorbance values obtained for a few known concentrations of a measured substance, whereas on X-axis – respective concentration values of the substance. The amounts of analyzed substance should be properly estimated for a graph, showing relationship between absorbance and a substance concentration, to be linear. Additionally, the line should pass through the origin of the coordinate system (Figure 1).
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Figure 1. Example of the standard curve showing relationship between absorbance and a protein concentration


Colorimetric methods for determination of protein concentration
Lowry and coworkers method
A very popular way to determine protein concentration is the method of Lowry and coworkers (1951). In the method two protein structural features are used – the presence of peptide bonds and aromatic amino acids occurrence. Two stages comprise that method, in the first one biuret reaction is conducted (colorful complexes forming at basic environment by peptide bonds and copper ions). In the second stage of the method, reduction of Folin-Ciocalteu reagent (phosphomolybdic and phosphotungstic acids) to respective blue oxides occurs, by copper bounded to protein and by tyrosine and tryptophan present in a protein sequence. The concentration of the colorful complex can be measured at wavelength in the range of 500 – 750 nm. As in other colorimetric methods, protein concentration is estimated using the standard curve. In addition, in order to obtain satisfactory results, highly important is a choice of a standard protein to make standard curve. This standard protein should contain similar amounts of tyrosine and tryptophan to analyzed protein. The method’s advantage is its high sensitivity. It can be used to determine protein content as low as 10 μg, whereas proportional relationship between color intensity of a solution and a protein content is observed at higher concentration range – up to 1000 μg. A method’s disadvantage is an analytical error caused by difficulties in a choice of a proper standard protein in relation to analyzed protein (for example trypsin gives three times higher color intensity than gelatin at the same concentration). Another disadvantage of the Lowry method is obtaining too high results for undialysed extracts because of reduction of Folin reagent by free amino acids, small peptides, phenols, nitro phenols and to a lesser extent by purines, pyrimidines, uric acid, compounds containing disulfide bonds and some detergents. However compounds such as: Zn2+, Mg2+, (NH4)2SO4, CCl3COOH, HClO4, acetone, ethanol and carbohydrates, depending on their concentrations lower the color intensity of the complex. 
Reagents
1. Copper reagent
2. Folin-Ciocalteu reagent
3. Standard solution of a bovine serum albumin (BSA) with 200 μg∙mL-1 concentration 
4. Diluted solution of BSA as a control assignment
Procedure
Standard curve preparation for a protein content determination using Lowry and coworkers’ method
To glass tubes transfer in two replicates 0,1 mL (20 μg of the protein), 0,2 mL (40 μg of the protein), 0,3 mL (60 μg of the protein), 0,4 mL (80 μg of the protein) or 0,5 mL (100 μg of the protein) of the standard solution of the BSA with 200 μg∙mL-1 concentration (3). To a blank sample instead of the protein solution add 0,5 mL of a distilled water. To all prepared volumes of BSA standard solutions add respective amounts of water to reach 0,5 mL total volume. Afterwards to each tube containing BSA solution or distilled water add 2,5 mL of a copper reagent (1), mix and after 10 minutes add 0,25 mL of a Folin reagent (2) the tube contents mix immediately using vortex mixer. After 30 minutes (although not longer than after 60 minutes) measure color intensity using photometer (at 750 nm) setting the equipment for zero against the blank sample. Draw a standard curve showing relationship between the absorbance and the protein content in a sample, based on the obtained results for absorbance (A). 
Protein content determination in a tested sample using Lowry and coworkers method
Protein solution obtained in a 10 mL volumetric flask should be filled with distilled water up to the marking and mixed well afterwards. Transfer 0,5 mL of the solution from the flask to each of the two prepared tubes, to the third one add 0,5 mL of distilled water (the blank sample) and then follow the procedure written above for standard curve preparation. 
Example of calculations
	Absorbance 1
	Absorbance 2
	Average absorbance
	Protein content in μg estimated from a standard curve for an average absorbance

	0.406
	0.414
	0.410
	70



Average absorbance: 0.410
Protein content in 0.5 mL of a tested protein solution was equal to 70 μg.
In 10 mL (in the volumetric flask) – there is respectively 1400 μg of the protein (20 × 70 μg). 
To the flask, before filling it up with distilled water, for example 3mL of an analyzed solution of the BSA was added (a teacher gives this value after average absorbance for a control assignment is written down).
There was 1400 μg of the protein in the 3 mL of the BSA solution, therefore in 1000 mL: 1400 μg of the protein × 1000/3 = 466667 μg of the protein, which is 466.7 mg of the albumin, which in turn corresponds to the protein content in a commercial standard of BSA based on obtained results for absorbance. 
In 1000 mL 500 mg of BSA were dissolved, therefore:
500 mg – 100%
466.7 mg – x%
Calculated purity of BSA in its commercial standard is equal to 93.3 %. 
Questions
1. Indicate characteristic features of protein structure which are used for quantitative protein determination.
2. Characterize the principles on which the individual methods for determining the protein content are based.
3. Determine the usefulness of the individual methods of the quantitative determination of proteins.
4. Why, during protein determination by spectrophotometric or colorimetric method, it is necessary to specify the type of the protein used to determine the conversion factors or to create a standard curve?
5. Calculate the concentration of the compound corresponding to the absorbance (A) value = 0.1, if the molar absorbance ratio is equal to 7 x 106.
6. Why in the photometric methods the accuracy of the determination depends, among other things, on the purity of the incident beam, how is this purity achieved?
7. Discuss the principle of the quantitative determination of protein content learned in the exercises. What relation is presented in the standard curve prepared in the laboratory exercises?
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Determination of vitamin C content in plant material by titration method*
*According to “Oznaczanie zawartości witaminy C metoda miareczkową” – Dorota Sitnicka, Copyright by Wydawniscwto SGGW, Warszawa 2018, translated by Weronika Świtlik
Objective
The aim of this laboratory exercise is to practically acquaint with the methodology for determination of the content of vitamin C (ascorbic acid) and to evaluate the influence of high temperature on content of this vitamin in the lemon juice.
Introduction
Structure and functions of ascorbic acid
Vitamins are organic compounds which neither provide energy nor constitute a building component but, are necessary for the proper functioning of the organism. The term “vitamin” was proposed by the Polish biochemist Kazimierz Funk, who, discovering the compounds with the proprieties of organic amines, called them amines conditioning life (Latin, vitae –life).
Ascorbic acid under standard conditions is water-soluble white crystalline solid, with the chemical formula C6H8O6  and molecular weight 176. In terms of structure, it is a ketolactone structurally similar to carbohydrates. 
Vitamin C occurs in two forms, both possessing properties of the vitamin. A reduced form – ascorbic acid, and an oxidized form – dehydroascorbic acid. Ascorbic acid has strong reducing proprieties because the C-2 and C-3 moiety, called the endiol, easily gives off two protons and two electrons, turning into the diketone moiety of the dehydroascorbic acid (fig.1)


Figure 1. Reduced and oxidized form of the vitamin C.
The conversion of ascorbic acid into dehydroascorbic acid is reversible. Both substances are highly unstable and easily undergo further irreversible changes leading to the loss of their biological activity as vitamin C. Factors promoting degradation of the vitamin C include: elevated temperature, presence of oxygen, neutral or alkaline environment, the presence of oxidizing enzymes, the presence of metal ions such as iron, cooper and silver. 
Vitamin C can by synthesize by numerous plants and animals. Excluding humans, monkeys, guinea pigs, fish and birds − which are incapable of synthesis of this vitamin, thus for these species it is an egzogenous vitamin. The inability to synthesize vitamin C is caused by a mutation in the gene encoding the final enzyme of the ascorbic acid biosynthesis pathway – L-gluconolactone oxidase. In plants, each cell of the organism is potentially able to synthesize ascorbic acid, while in animals synthesis takes place only in the liver and kidneys. Absorption of vitamin C in humans takes place in the duodenum and small intestine, whereas accumulation takes place in tissues with increased metabolism, such as liver, pancreas and brain. Excess of the vitamin C is excreted with sweat and urine. Accumulated supply of vitamin C is sufficient for few months. Prolonged deficiency of ascorbic acid result in disease called Scurvy. Symptoms of this disease include purulent inflammation of the gums, loosening of teeth, rash, ulceration of the body. Significant losses of ascorbic acid in the orgaism are caused by stress, nicotine and UV radiation.
In human body, vitamin C has numerous functions, including involvement in processes:
· hydroxylation of proline and lysine in the process of collagen synthesis;
· adrenaline synthesis;
· synthesis of carnitine, which is involved in the long-chain fatty acids transport to the mitochondria, where they undergo β-oxidation;
· tyrosine decomposition
· iron absorption;
· antioxidant activity (prevents the formation of nitrosamines − carcinogenic compounds).
Ascorbic acid sources
The average daily requirement for vitamin C of an adult human is around 60-200 mg. Large amounts of this vitamin are in fruits including: blackcurrant, strawberry, lemon, cabbage. The content of vitamin C in selected fruits and vegetables is shown in table 1. 


Table 1. The content of the vitamin C in several common fruits and vegetables (mg/100g of dry matter) 
	Fruits
	Vegetables

	black chokeberry
	350-550
	fresh pepper
	180-280

	blackcurrant
	390-500
	parsley
	270-410

	strawberry
	60-112
	horseradish
	100-240

	lemon, orange
	around 40
	sauerkraut
	9-19

	grape
	18-37
	potatoes
	16-27



Ascorbic acid is added to food as an antioxidant and has the symbol E 300. It is an enriching and nourishing ingredient. It inhibits the browning processes of sliced fruit and juices. It improves the quality of flour, maintains the natural colour of meat. It is mainly used for concentrated juices, non-alcoholic drinks, butter, meat products and confectionery.
Methodology for the determination of ascorbic acid 
The titration method (PN-A-04019:1998), for the determination of vitamin C, relies on the oxidation of ascorbic acid to dehydroascorbic acid in an acidic environment using standard solution of 2,6-dichlorophenolindophenol (DCIP). The reaction proceeds in a quantitative manner, in a 1 : 1 ratio, resulting from the reaction given in Figure 2, the ascorbic acid content is calculated from the used amount of DCIP standard solution.

DCIPH2
reduced form
(colourless compound)
dehydroascorbic acid
an oxidized form
ascorbic acid 
reduced form
DCIP
oxidized form
(blue-coloured compound)

Figure 2. The reduction of 2,6-dichlorophenolindophenol by ascorbic acid


Determination of ascorbic acid content
Solution of 2,6-Dichlorophenolindophenol in oxidized form has a blue colour, but in the acidic environment changes to pink. In the reduced form (DCIPH2) is colourless. At the beginning of the titration mixture is colourless, because DCIP is reduced by the ascorbic acid, which undergoes oxidation. At the end of titration the mixture is getting permanent pink colour, which indicates that whole ascorbic acid has been oxidized, thus added DCIP does not change its oxidation state.
Reagents
1. 2% oxalic acid C2H2O4 x 2H2O
2. 2,6-dichlorophenolindophenol − DCIP 
Procedure
Task 1. Determination of ascorbic acid content in the test solution
Issued solution of ascorbic acid in a 50 mL volumetric flask (control task) fill up to the mark with the oxalic acid (1) and mix. From the prepared solution transfer 10 mL, with an automatic pipette, to the conical flask and titrate quickly with 2,6-dichlorophenolindophenol (2) until a pale pink colour will appear and will persist for 30 sec.
Repeat the titration several times until you obtain two parallel results which will differ from each other by not more than 0.1 mL. Subsequently, the amount of DCIP mL used for titration of 10 mL of the task solution should be given to the teacher to identify the volume of the control task (which was originally in the 50 mL volumetric flask).
Task 2. Study of the effect of high temperature on the content of ascorbic acid in lemon juice
Squeeze the lemon juice, filter through the gauze and pipette 1 mL of juice into two 100 mL conical flasks, next add 9 mL of oxalic acid and mix. Quickly titrate the solution with 2,6-dichlorophenolindophenol until a pale pink colour will appear and will persist for 30 sec. 
To assess the effect of high temperature on the stability of vitamin C, add to the two glass tubes 1 mL of squeezed lemon juice and 9 ml of oxalic acid and mix. Protect the tubes from evaporation and place in boiling water bath. After 60 min remove tubes form the bath and cool them down. Transfer the content of the tubes into 100 mL conical flasks and titrate with 2,6-dichlorophenolindophenol until a pale pink colour will appear and will persist for 30 sec.
After analysis, the DCIP should be removed from the burettes, which next should be rinsed with distilled water.


Analysis of the results
Task 1. Determination of ascorbic acid content in the test solution
Basing on the amount of DCIP calculate the percentage of vitamin C in the control task.
Exemplary calculations of the percentage of vitamin C in the control task.
Control task preparation diagram:
1.5 g of ascorbic acid  1000 mL of oxalic acid

							7.5 mL 50 mL


										10 mL for analysis
1.5 g of ascorbic acid was diluted in 1000 mL of oxalic acid. From such solution students received control tasks (e.g. 7.5 mL) in 50 mL volumetric flasks, which subsequently were filled up to the mark with oxalic acid.
For titration of 10 mL of solution from the control task, an amount of 14 mL of 0.0006M DCIP was used.
From the equation of the reaction between ascorbic acid and 2,6-dichlorophenolindophenol (fig. 2) results that 1 mole of ascorbic acid (weight: 176 g) reacts with 1 mole of DCIP 
1 mL of DCIP with a concentration of 1 M is able to oxidize 176 mg of ascorbic acid, therefore:
1 mL of 0.001 M DCIP  176 μg of ascorbic acid
1 mL of 0.0006 M DCIP  106 μg of ascorbic acid
Thereby, 14 mL of DCIP with a concentration of 0.0006 M will oxidize 1484 μg of ascorbic acid (1.48 mg). 
The dilution scheme shows that in the 10 mL of solution used for the analysis there is 1.48 mg of ascorbic acid, and in 50 mL (volumetric flask) there is 7.4 mg of ascorbic acid, the same as in 7.5 mL of given control task, thereby we calculate that in 1000 mL solution of ascorbic acid there are 987 mg (0.987 g) of this substance. To prepare the control task 1.5 g of ascorbic acid was dissolved in 1000 mL, thus it is easy to calculate that the ascorbic acid content in the control task is 98.7%.
Task 2. Study of the effect of high temperature on the content of ascorbic acid in lemon juice
Based on the volume of DCIP used to titrate the lemon juice, and taking into account the concentration of DCIP, calculate the content of vitamin C, express it in μg per 1 mL of juice (μg x mL-1). Calculate the vitamin C content based on the average amount of DCIP mL used for titration of the samples not subjected to the high temperature as well as ones boiled for 60 min. Basing on the obtained measurements deduce the influence of the high temperature on the content of ascorbic acid in the lemon juice.
Exemplary calculations:
For titration of ascorbic acid contained in 1 mL of lemon juice, an average of 4 mL of DCIP with a concentration of 0.0006 M was used. Whereas after 60 min boiling – an average of 3 mL.
1 mL of 0.0006 M DCIP oxidizes 106 μg of ascorbic acid.
4 mL of 0.0006 M DCIP oxidize 424 μg of ascorbic acid.
3 mL of 0.0006 M DCIP oxidize 318 μg of ascorbic acid.
That means that vitamin C concentration in the lemon fresh juice is equal to 424 μg x mL-1, while in the juice after boiling is equal to 318 μg x mL-1. The content of the ascorbic acid in the lemon juice decreased by 25% as the result of one-hour boiling.
Questions
1. In which form does vitamin C occur in the nature? Give chemical formulas of these forms, underline and name the moiety which is essential for high reducing proprieties of the adequate form.
2. Why for preparation of the ascorbic acid extracts we use stainless steel knives and oxalic acid?
3. Draw the reaction which takes place during the titration of vitamin C with 2,6-dichlorophenolindophenol.
4. Why during the determination of concentration of ascorbic acid using titration method with DCIP, titration should be stopped when the pink colour occurs? During the titration which one of the two compounds undergo oxidation and which one reduction. Draw the chemical formula of the first one. 
5. The content of the vitamin C in the lemon juice is equal to 0.044%. Express this concentration in mg x ml-1. Explain the relation between this vitamin and the disease called scurvy.
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Determination of nitrates in plant seedlings*
*According to “Oznaczanie azotanów w siewkach roślin” – Joanna Kwinta, Copyright by Wydawniscwto SGGW, Warszawa 2018, translated by Weronika Świtlik
Objective
The aim of the exercise is to get acquainted with one method for the determination of nitrates and to use it to assess the content of nitrates in plan tissues.
Introduction
Plants, as well as water, soil and food contain nitrates and nitrites, which are toxic for humans and farm animals. Nitrates are more stable anions than its toxic metabolite – nitrite, thereby they are present in prevailing amounts in the environment and biological material. Moreover the nitrites (potassium nitrite E 249 and sodium nitrite E 250) and nitrates (sodium nitrates E 251 and potassium nitrate E 252) are used in the food industry, mainly in meat processing as a preservative preventing from the development of pathogenic bacteria (Clostridium botulinum).
The toxicity of nitrates themselves for animals and humans is low, whereas nitrites act very adversely due to their involvement in the production of methaemoglobin and N-nitrosamines.
Nitrosamines are mutagenic and liver-damaging compounds. Infants in the first few months of life are particularly vulnerable to nitrate poisoning because of the occurrence of bacteria in their digestive tract which are reducing nitrates to nitrites. Nitrites oxidize divalent Fe2+ iron of haemoglobin to trivalent Fe3+ (methaemoglobin). Because methaemoglobin is not able to bind oxygen, the excess of NO3- ions can cause hypoxia.
Children under the age of 1 and pregnant women constitute a risk group. Determined by the World Health Organization the maximum dose of nitrites that a person can consume daily, during a lifespan, without harm to health (so-called ADI – Acceptable Daily Intake) is 0.1 mg per kilogram of body weight (kg body weight), and according to EU Regulation no. 1881/2006 of December 19, 2006, it is 0.07 mg per kg of body weight. In the case of nitrates, this value is slightly higher and amounts to 5 mg per kg of body weight per day according to WHO and 3.65 mg per kg of body weight per day according to the EU regulation.
Ruminants and horses, as well as piglets and chickens also have bacteria reducing nitrates to nitrites in their digestive tract. Therefore, they are exposed to nitrate poisoning from fodder and water. For example, drought may cause increased concentration of nitrates in the crops. In order to protect animals from poisoning, the feed should be tested for the presence of nitrates. 
For the health reasons the most important is the level of the nitrates in drinking water. Within the EU, the acceptable nitrate content is 50 mg per 1 litre of water and 0.50 mg of nitrite per 1 litre of water. Nitrates contaminate the water when their content in the soil exceeds the amount that plants can use, and when water easily flow through the soil and bedrock. Nitrates and nitrites accumulate in the soil because manure and sewage contain both ammonia and organic nitrogen compounds. The organic nitrogen in soil is converted into ammonia, and ammonia is converted into nitrates by nitrifying bacteria. The usage of larger amount of nitrogen fertilizers than plants can use also increase the content of NO3- in soil. The excess of nitrates in the soil penetrates into groundwater with rain, melting snow and as the result of irrigation. Monitoring of the nitrate content in water, soil and food is highly important for public health.
There are several methods for determination of nitrates and nitrites concentration. Methods based on the Griess reaction (applied to determine the activity of nitrate reductase) are widespread due to their simplicity, specificity and sensitivity. However, determination of nitrates by this method requires prior reduction to nitrites using cadmium, vanadium, zinc or bacterial nitrate reductase. During the laboratory exercise the method of direct determination of nitrates is used.
Reagents
1. Solution of the 5% salicylic acid and concentrated sulfuric acid
2. 2 M NaOH
3. 5 mM KNO3 (standard solution).
Principle of the method
The concentration of nitrates in plant material can be measured by the method developed by Cataldo et al. (1975), which is based on the reaction of nitration of salicylic-acid in the acidic environment (fig.1). Formed in the reaction nitrosalicylic-acid in the alkaline environment is gaining the yellow colour. Intensity of the colour is measured at wavelength of 420 nm and is proportional to the concentration of nitrate ions in the sample.
OH
COOH
OH
COOH
NO2
HNO3, H2SO4  HHH2H2SO4
- H2O HH2O
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5-nitrosalicylic-acid aaacidaciditrosalicylowy

Figure 1. Nitration of salicylic-acid (Rogoziński 2003)
Procedure
Weight of dried and crushed sample of plant material transfer to the glass tube, and add 10 mL od distilled water. Subsequently, heat the tube for 20 min in the boiling water bath. After cooling on ice, centrifuge the content of the tube (20 000 x g, 15 min). Asses the concentration of NO3- ions in a supernatant (liquid above the precipitate). To determine the concentration of NO3- ions to the properly marked tubes add the following volumes of the reagents.
	Reagents
	Samples

	
	Test sample (T1)
	Test sample (T2)
	Standard (S1)
	Standard (S2)
	Blank sample

	supernatant
	0.1 ml
	0.1 ml
	̶
	̶
	̶

	5 mM KNO3
	̶
	̶
	0.1 ml
	0.1 ml
	̶

	H2O
	̶
	̶
	̶
	̶
	0.1 ml

	5% salicylic-acid
	0.4 ml
	0.4 ml
	0.4 ml
	0.4 ml
	0.4 ml

	After mixing the content of the tubes conduct the reaction for 20 min in the room temperature

	2 M NaOH
	9.5 ml
	9.5 ml
	9.5 ml
	9.5 ml
	9.5 ml

	Mix all samples and measure the absorbance of the test samples and standard samples at wavelength of 420 nm in a photometer set to zero against the blank sample.



Calculation of the nitrates concentration
1. Compare the absorbance of the test samples with the absorbance of the standard samples, taking into account that 0.1 mL of standard sample contains 0.5 µmole of NO3- ions. On this basis calculate the amount of nitrates in measured test samples.
2. Subsequently, calculate the amount of nitrates in 1 g of dried leaves, expressing result in µmoles of NO3- x g-1 of triticale leaves.


Exemplary calculations
1. Calculate the average value of the absorbance of the test samples and standard samples.
2. In analysis as a standard we use 5 mM solution of KNO3, it means that in 0.1 ml of solution used for the reaction there is 0.5 µmole of NO3-. If the average absorbance of the standard samples is equal to 0.721, and is corresponding to 0.5 µmole of NO3-, the average absorbance of the test samples equal to 0.319 is corresponding to the X µmoles of NO3-, i.e. 0.221 µmole of NO3-.
Dilution scheme
20 mg of dried triticale leaves  10 ml of distilled water

0.1 ml of the extract used for analysis.
0.221 µmole of the NO3- was measured in the 0.1 ml of the extract, thus in 1 ml of the extract there are 2.21 µmoles of the NO3- , thereby in the whole volume of the obtained extract (10 ml) there are 10 x 2.21 µmoles of NO3- ( i.e. 22,1 µmoles of NO3- ), what corresponds to the amount of the ions in 20 mg of dried triticale leaves. Thereby, in 1000 mg (i.e. 1 g) of dried leaves there are 1105 µmoles of NO3-.
Questions
1. Describe the method for determination of nitrates used in the laboratory exercise.
2. Explain why nitrites are toxic for the living organisms?
3. What is the Acceptable Daily Intake for nitrites, amount which a human can consume daily, during lifespan, without prejudice for health?
4. Draw the chemical reaction of the nitration of salicylic-acid used in the Cataldo method.
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Factors affecting enzymes activity on the example of acid phosphatase*
*According to “Czynniki warunkujące aktywność enzymów na przykładzie fosfatazy kwaśnej” – Joanna Kwinta, Copyright by Wydawniscwto SGGW, Warszawa 2018, translated by Weronika Świtlik
Objective
The aim of the laboratory exercise is to indicate, on the acid phosphatase example, that factors such as enzyme concentration, temperature, hydrogen ions concentration (pH) and inhibitors have an effect on the enzymatic reaction rate.
Introduction
Phosphatases (phosphomonoesterases) belong to the hydrolase class of enzymes and are grouped into subclass of the esterases. These enzymes can catalyse the hydrolysis of various phosphoric esters, according to the reaction shown in the Figure 1.

monophosphate
alcohol
phosphate monoester

Figure 1. General reaction catalysed by phosphatases.
Acid phosphatases (EC 3.1.3) are characterised by the low substrate specificity. They can catalyse dephosphorylation of several natural substrates including: 3-phosphoglycerate, phosphoenolpyruvate (PEP), phytin, ATP and proteins phosphorylated on tyrosine.
Within the optimum pH in which phosphatases are active, these enzymes are grouped in to:
· acid phosphatases, active in pH within the range 4.0-7.0;
· alkaline phosphatases, active in pH within the range 9.0-11.0;
Acid phosphatases are found in different plant organs including tubers, seeds, fruits, cotyledons, root nodules and leaves. In the cell, acid phosphatases are localised in cytosol, vacuoles and cell wall. Biochemical functions of acid phosphatases in plant cell are not fully understood. It is believed that they release phosphate from organic compounds under conditions of phosphate deficiency, salinity or water deficiency and in pathogen invasion or ontogenesis. The best known plant enzymes are phytase and phosphatases belonging to the superfamily of protein tyrosine phosphatases.
In the animal cell, acid phosphatases occur mainly in the lysosomes of bone, prostate, intestine, pancreas, kidney cells, blood platelets and red blood cells. Acid phosphatase is an indicator enzyme used in medical diagnostics. Elevated activity of acid phosphatases is observed in hepatic and bone diseases and some types of cancer.
Methods for determination of phosphatases activity
Determination of phosphatases activity in vitro is performed usually using synthetic substrates, such as: 2-glycerophosphate, phenylphosphate, phenolphthalein phosphate, p-nitrophenylphosphate. Enzyme activity can be measured by the amount of phosphate or organic portion of the ester released after enzyme reaction with substrate, conducted under strictly defined conditions. P-nirophenylphosphate is especially convenient substrate, because one of the reaction products after alkalization of the environment, transforms in to colour form.
The principle of the method used at the laboratory exercise for determination of activity of acid phosphatase 
An aqueous extract of acid phosphatase obtained from triticale seeding and p-nitrophenylphosphate (pNPP) as a substrate is used during laboratory exercise. The hydrolysis reaction is shown in Figure 2. The reaction product, p-nitrofenol (pNP), in the alkaline environment is gaining greenish-yellow colour, and its amount is the measure of phosphatase activity. 

phosphatase
acid
p-nitrofenol
p-nitrophenylphosphate

Figure 2. p-nitrophenylphosphate (pNPP) hydrolysis reaction catalysed by acid phosphatase.
Expression and measurements of enzyme activity
The measure of the enzyme activity is the enzymatic reaction rate (v0) defined by the amount of substrate transformed per unit of time or amount of product formed per unit of time. Enzyme activity is expressed in units of activity.
Commonly applied is universal (standard) unit. Such a unit is the amount of enzyme which catalyses the transformation of 1 µmol of substrate in 1 minute at 30°C, at the optimum pH conditions and substrate concentration.
Numerous factors can influence the rate of enzymatic reaction, in particular: the substrate and enzyme concentration, the hydrogen ion concentration in the reaction environment, the temperature and also the presence of inhibitors.
Reagents
1. Enzyme – homogenate of triticale seedlings 
2. Substrate – 0,0075 M p-nitrophenylphosphate (p-NPP)
3. M Tris-acetate buffer, pH 4,0 
4. M Tris-acetate buffer, pH 5,5
5. 0.1M Tris-acetate buffer, pH 6,5 
6. M Tris-acetate buffer, pH 8,0
7. M NaOH
8. 0.02 M ammonium molybdate 
Students perform the exercise in pairs.
Task 1. The effect of enzyme concentration on the reaction rate
Under optimal conditions, the rate of enzymatic reaction changes proportionally to the enzyme concentration: the more enzyme molecules are present, the more substrate molecules will be converted per unit of time. The study of the relation between the reaction rate and the concentration of the enzyme is carried out at a constant high concentration of the substrate, because then the reaction rate is proportional to the enzyme concentration. Under such conditions the graph of the reaction rate versus the enzyme concentration is a straight line (Figure. 3).
[image: ]
Figure 3. Effect of enzyme concentration on the reaction rate.

Procedure 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]To four numbered glass tubes (test samples) add in order 0.25; 0,5; 0.75; and 1.0 mL of enzyme extract (1), and 0.75 mL of Tris-acetate buffer pH 5.5 (4), subsequently each tube fill up to 2 mL with distilled water. To the tube no. 5 (blank sample) add 0.75 mL of Tris-acetate buffer pH 5.5 (4) and 1.25 mL of distilled water. Place all tubes in water bath at the temperature 30oC for 5 min (pre-incubation). After pre-incubation, without removing the glass tubes from the bath, add successively to each tube 0.5 mL of substrate (2), mix well and incubate for 15 min, counting the reaction time from the moment of adding the substrate. Afterwards stop the reaction by adding 2.5 mL of 0.1 M NaOH (7) to each sample and mix. Measure the absorbance of the test samples at wavelength of 420 nm in a photometer set to zero against the blank sample.
Calculations
Calculate the reaction rate catalysed by acid phosphatase (v0): 
dividing the measured absorbance by the absorbance coefficient for 1µg of p-nitrophenol (p-NP) equal to 0.002, we obtain µg of pNP;
dividing the µg of p-NP by a mass of 1 µmol of p-nitrophenol equal to 139 µg, we obtain µmols of p-NP;
dividing the µmols of p-NP by a reaction time of 15 minutes we obtain µmols of p-NP for a minute. 
The rate of the catalysed reaction can also be calculated using the equation:
[image: ][image: ]
Exemplary calculations
If A420 = 0.340, the reaction rate is equal to:
[image: ][image: ]= 0.082 µmol p-NP x min-1
Such calculations should be performed for each absorbance value obtained in the experiment. 
Task 2. The effect of pH on the reaction rate
Enzymes in their molecules contain amino acids, which side chains may undergo ionization, what allows to maintain a proper spatial structure. Additionally, the amino acids in the active site of an enzyme are able to perform their functions only in a certain state of ionization. Ionization of substrates and enzyme-substrate complexes also affects the rate of enzymatic reaction (Fig. 4). Thus, the effect of pH on enzyme activity is related to the constant values of dissociation of:
· the active groups, in the active site of an enzyme, involved in substrate binding and catalysis;
· the functional groups in the substrate molecule, which are binding with the enzyme;
· other groups in the enzyme molecule, which ionization state enables the catalytically active conformation.
Each enzyme has an optimum pH value at which the rate of catalysed reaction is maximal. Slight deviations from the optimum, result in decrease of the reaction rate, whereas large deviations lead to denaturation of the enzyme protein and loss of activity. 
[image: ]
Figure 4. The effect of pH on the enzyme activity.
The optimum of the pH may vary depending on the level of purity of the enzyme preparation and the temperature of the environment. The value of the optimum pH of enzymes depends on the type of organism and the localisation of the enzyme in the tissue, and even in cellular compartment (fig. 4). Therefore, the pH value inside the cell can be one of the factors of metabolism regulation. 


Procedure
Prepare five glass tubes for analysis. To the four consecutively numbered tubes (tests samples) add 0.5 mL of the enzyme, add 0.75 mL of distilled water and 0.75 mL of buffers: Tris-acetate buffer at pH 4.0 (3) to the first tube; buffer at pH 5.5 (4) to the second tube; buffer at pH 6.5 (5) to the third tube; buffer at pH 8.0 (6) to the fourth tube. Into the tube no. 5 (blank sample) add 0.75 mL of Tris-acetate buffer at pH 5.5 (4) and 1.25 mL of distilled water. Place all tubes in a water bath at 30oC for 5 min. After pre-incubation (without removing the tubes from the bath!) add 0.5 mL of the substrate solution (2) to each tube, mix and incubate for 15 min counting the reaction time from the moment of substrate addition. Afterwards, stop the reaction by adding 2.5 mL of 0.1 M NaOH (7) to all tubes. After mixing, measure the absorbance of the test samples at wavelength of 420 nm in a photometer set to zero against the material sample.
Calculations
Calculate the rate of the reaction catalysed by the acid phosphatase (v0) in the relation to the pH value, according to the equation: [image: ][image: ]dividing the measured absorbance by an absorbance coefficient of 1 µg of p-nitrophenol (p-NP) equal to 0.002, a mass of 1 µmol of  p-nitrophenol equal to 139 µg and a reaction time of 15 minutes. 
Exemplary calculations
If A420 = 0.340, the reaction rate is equal to:
[image: ][image: ]= 0.082 µmol p-NP x min-1
Such calculations should be performed for each absorbance value obtained in the experiment. 
Task 3. Enzyme activity inhibition
The activity of many enzymes can be inhibited by binding with inhibitors which are acting in a specific way. Inhibitors decrease enzyme activity, by causing changes within its active site. The cellular metabolites, drugs, poisons or other foreign substances for the organism (xenobiotics) can act as inhibitors. Depending on the way in which the inhibitors act, we distinguish irreversible and reversible inhibition. 
In irreversible inhibition, the inhibitor binds covalently to the enzyme. An example of such an inhibitor is penicillin, which create a covalent bond with the serine (Ser) OH group at the active site of the peptidoglycan transpeptidase, an enzyme involved in the synthesis of the bacterial cell wall, causing bacterial death. A similar effect is caused by DFP- diisopropyl fluorophosphate used as a pesticide that blocks the Ser OH group in the active site of the acetylcholinesterase, an enzyme which participates in the signal transmission in the nervous system of animals (fig 5).


Figure 5. Complex of DFP with the Ser OH group in the active site of the cholinesterase.
Reversible inhibition is characterized by a rapid dissociation of the enzyme-inhibitor complex. We distinguish two types of reversible inhibition: competitive inhibition and uncompetitive inhibition.
The competitive inhibitor (fig. 6) only attaches to the free enzyme (E) and blocks its active site, thereby reducing the number of enzyme molecules which can bind with the substrate. This type of inhibitor increases the numerical value of the Michaelis constant (Km), but does not change the value of the Vmax (the maximum reaction rate). At a certain concentration of the inhibitor, the competitive inhibition can be reversed by increasing the substrate concentration. Several drugs act as competitive inhibitors of key metabolic enzymes. 

fumarate
Succinic acid
succinate dehydrogenase
phrophosphate
oxalate
malonate

Figure 6. Examples of the competitive inhibitors of succinate dehydrogenase.
The ammonium molybdate, used in the exercises, is a competitive inhibitor of acid phosphatase.
The non-competitive inhibitor can attach to both the free enzyme (E) and the enzyme-substrate (ES) complex. The non-competitive inhibitor reduces the Vmax value but does not change the value of Km because, it does not reduce the number of enzyme molecules which can bind with the substrate. This type of inhibition can’t be reversed by increasing the substrate concentration, only compounds which can interact with inhibitor can be used. 
The example of a non-competitive inhibitor is pepstatin A (fig. 7) which inhibits the activity of renin, an enzyme involved in the mechanism of regulation of blood pressure. Also metal ions, through reaction with –SH group in the enzyme protein, cause conformational changes. 

[image: pepstatyna]
Figure 7. Pepstatin A − non-competitive renin inhibitor
Procedure
Prepare three glass tubes for analysis. To the two numbered tubes (test samples) add 0.5 mL of the enzyme and 0.75 mL of Tris-acetate buffer pH 5.5 (4). Next, add 0.25 mL of ammonium molybdate (8) to the first tube. Both tubes fill up with distilled water to the volume of 2.0 mL. Subsequently, to the tube number three (blank sample) add 0.25 mL of ammonium molybdate (8) and 0.75 mL of Tris-octan buffer pH 5.5 (4), and fill up with distilled water to the volume of 2.0 mL. Blank sample does not contain the enzyme. Place all three tubes in a water bath at 30oC. After 5 min of preincubation, without removing the tubes from the water bath, add to each tube 0.5 mL of p-nitrophenylphosphate (2), mix and continue the incubation. After 15 min, counting from the moment of substrate addition, stop the reaction by adding to all tubes 2.5 mL of 0.1 M NaOH (7). Mix the contents of the tubes and measure the absorbance of the test samples at wavelength of 420 nm in a photometer set to zero against the blank sample.
Calculations
Calculate the reaction rate catalysed by acid phosphatase (v0), according to the equation: [image: ][image: ] dividing the measured absorbance by an absorbance coefficient of 1µg of p-nitrophenol (p-NP) equal to 0.002, a mass of 1 µmol of p-nitrophenol equal to 139 µg and a reaction time of 15 minutes.
Exemplary calculations:
If A420 = 0.340, the reaction rate is equal to:
[image: ][image: ]= 0.082 µmol p-NP x min-1
Such calculations should be performed for each absorbance value obtained in the experiment. 
Questions
1. Write the general reaction catalysed by the phosphatases and indicate the class of enzymes to which these enzymes belong.
2. Give examples of the kinetic factors which affect the enzyme activity. Describe the action of selected one.
3. Give examples of the natural substrates of the acid phosphatase. What can be the measure of the enzyme activity? Give definition of the universal unit. 
4. Draw the reaction which takes place during the determination of the acid phosphatases in laboratory exercise. Give names of the substrate and products of this reaction.
5. During determination of the acid phosphatase activity, in the reaction mixture, the 200 μmoles of the p-nitrophenol was detected. Calculate, how much μmoles of substrate underwent decay.
6. Calculate, how much μmoles of p-nitrophenylophosphoran underwent hydrolysis during reaction with the acid phosphatase, if after 15 min of the reaction absorption was equal to 0.35 and 1 μg of the p-nitrophenol has absorption equal to 0.002. 
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