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1. Practice 
Simple Biochemical Protein 

Assays
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Biuret reaction

Each molecule containing amino acids and having at least two 
peptide bonds (that is bearing the –CO–NH– group at least 
twice) gives this reaction.

In an alkaline environment the copper ions form complexes 
with molecules containing at least two peptide bonds. 

These complexes absorb the quantum of light and have violet 
colour.



5

Performing the reaction
Add the following substances into three clear test tubes:

+ 2 droplets of 
5% CuSO4

solution

+ 2 droplets of 
5% CuSO4

solution

+ 2 droplets of 
5% CuSO4

solution 

2 ml 10% 
NaOH solution

+ 2 ml 10% 
NaOH solution 

+ 2 ml 10% 
NaOH solution

-2 ml egg white 
solution

2 ml gelatin
solution

3. tube2. tube1. tube

Shake well the contents of the test tubes then let it stand for 2-3 
minutes. 

Note the observed changes and give an explanation for the observed 
colour.
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Carbamide assay
Carbamide originally does not have peptide bonds.

Due to heating two carbamide molecules form biuret with 
condensation and ammonia is released. 

Biuret possess dipeptide-like properties and react with copper 
ions in an alkaline environment to form a light blue 
tetradentate complex. 

By reducing the copper ion from cupric to cuprous form, the 
reaction produces a faint blue-violet colour.

heating
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Performing the reaction:
1. Without heating

– Put a quarter of spoon of carbamide into the test tube.
– Add 4−5 ml of distilled water, shake it well. 
– Add 2 ml 10% NaOH solution and 2−3 droplets of 5%-os CuSO4

solution.
2. After heating

– Put a quarter of spoon of carbamide into a dry, clean test tube.
– Heat the content of the tube with a Bunsen burner flame. 
– Throughout the heating hold a watery indicator paper with forceps to 

the opening of the test tube. 
– Following the gas formation let the content of the test tube cool 

down and add 2 ml 10% NaOH solution and 2–3 droplets of 5%-os 
CuSO4 solution.

– Note the observed phenomena. 
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Explanation

1. Carbamide does not give the biuret reaction by-itself due to the 
lack of peptide bond. 

2. When carbamide is heated, it is melted then the ammonium gas 
is liberated. It has got a characteristic odour and it can also be 
detected with the colour change of watery indicator paper due 
to its alkaline pH.

The biuret, formed from carbamide gives the reaction due to 
its peptide-like molecule part: it forms complex with 
Cu(II)-ions in an alkaline environment and has red-violet 
colour.
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The reason for that the amount of the added CuSO4 solution 
should not be more than few droplets is that the surplus of 
copper(II)-sulfate forms copper-hydroxide with the alkaline. 

The light blue colour of Cu(OH)2 can disturb the perception of 
the copper complex.

CuSO4 + 2 NaOH = Cu(OH)2 + Na2SO4
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The proteins being present in sol state can be 
precipitated due to metal salts, acids or heat.

Accomplishing the precipitation

Take four test tubes.  Add 2 ml egg white solution into each tube.

1. Add 3–5 droplets of 5% tannic acid solution to the egg white 
solution in the first tube, mix it thoroughly and notice the changes.

2. Add a quarter of spoon of CuSO4 to the content of the second tube.

3. Boil the content of the next test tube for 1–2 minutes.

4. Add a quarter of spoon of NaCl to the content of the last test tube, 
shake it and observe the changes then dilute it with distilled water.

Note the observed phenomena and explain them.

Coagulation assays
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Observations and explanations

The precipitation of proteins (that can also be called 
coagulation) can be reversible or irreversible. 

Reversible precipitation: in the presence of  light metal salts 
(e.g. NaCl).

In this particular case the precipitated proteins can be brought
into the solution with the addition of some more water 
(dilution). (Native proteins do not form classical solutions but
colloid solutions with water.) 

Irreversible coagulation: heavy metal salts (e.g. CuSO4), acids 
or heat.

This process is called denaturation and the initial state cannot be 
achieved (poisonings).



12

1. Dilute 25 ml non-heated milk with 25 ml water. 

Under continuous stirring add droplets of 5% acetic acid 
solution carefully, until the precipitate appears. 

Filter the precipitate.

2. Pour an aliquot of the supernatant into a test tube and heat it 
in a water bath (or with a Bunsen burner flame) until the 
precipitate is visible.

Coagulation of milk proteins
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Observations and explanations

1. The pH of the diluted milk sample was decreased due to 

the addition of acetic acid and when it reached the 

isoelectric point of casein (pH=4.7) this protein was 

precipitated. 

A similar process takes place during cheesemaking when the 

curd is achieved with acidification via starter cultures but 

in that case lactic acid is the most important pH-lowering 

agent.
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2. The whey proteins of milk (serum albumin, alpha-

lactalbumin, beta-lactoglobulin and globulins) do not 

precipitate under acidic conditions but they coagulate 

when milk is boiled at 100 °C. 

Partially these proteins compose the thin layer that forms on 

the top of boiled milk (called ‘milk skin’).

The heat resistant proteose-peptone fraction remains 

dissolved in the solution. 
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2. Practice 
Simple Biochemical Protein and 

Sugar Assays
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Xanthoprotein reaction

This reaction is characteristic for the amino acids that are 
bearing aromatic side chain. 

Besides amino acids all of the proteins containing aromatic 
amino acids in their peptide chain give the xanthoprotein
reaction.

 

C H 2 

C H H 3 N 

C O O – 

C H 2 

C H H 3 N 

C O O – 

O H 

+ + 

C 
N H 

C H 

C H 2 

C H 3 N H 
C O O – 

Phe Tyr  Trp 

+ 
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Performing the reaction

− Add 2 ml of egg white solution into the test tube

− Complete it with 1 ml of 2 mol/dm3 nitric acid solution.

− Boil it carefully for 2–3 minutes. 

− Note the observed colour. 

− Let the test tube cool down. 

− Following cooling set the pH of the solution between 10 and 
12 with 10% NaOH solution.
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Observations and explanations

In the presence of nitric acid the nitration of 
the aromatic amino acids occurs. 

The formation of the resulting aromatic nitro 
compounds can be detected owing to their 
intensive yellow colour. 

The reactivity of phenylalanine is lower than that of tyrosine 
and tryptophan so the colour due to the presence of 
phenylalanine is less intensive than that of the other two 
amino acids. 
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Egg white protein contains lots of albumin.  Both tyrosine and 
tryptophan are important building blocks of this protein. 

In the presence of alkaline a colour change can be detected 
from yellow to orange. 

Some proteins do not have aromatic amino acids in their 
peptide chains (i.e. salmine and klupein) therefore they do 
not give the reaction.
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Enzymatic hydrolysis of proteins

Pepsin exert its hydrolytic effect in the stomach 
at pH=2. 

This enzyme is most efficient in cleaving peptide 
bonds between aromatic amino acids such as 
phenylalanine, tryptophan and tyrosine.

Pepsinogen: inactive form (zymogen). 

Additional 44 amino acids in the primary 
structure. 

Pepsinogen is activated by hydrochloric acid in 
the stomach. 

Acidic environment → allows pepsinogen to 
unfold and cleave itself → pepsin (active form).

pepsin

pepsinogen
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Accomplishing the hydrolysis

− The broken down of protein due to pepsin is monitored 
with the use of coagulated egg white protein.

− Take four test tubes and pour 4 ml of egg white solution 
into each of them. 

− Place the test tubes into water bath having hot, but not 
boiling water in order to coagulate protein. 
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− Let the tubes cool down after the colloid solution of proteins 
precipitated and add the following solutions:

4 ml 5% pepsin solution + 1 ml 
1% hydrochloric acid solution 

+4. Coagulated protein 
4 ml 5% pepsin solution+3. Coagulated protein 
1 ml 1% hydrochloric acid solution+2. Coagulated protein 
4 ml distilled water +1. Coagulated protein 

SolutionsTest tube

− Take the test tubes into 42 °C water bath for 5 minutes then take 
them off and compare the appearance of their content with a 
test tube containing distilled water. 

− The differences appear more clearly if test tubes are turned 
towards the light.

− Note the observed phenomena and the explanations.
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Observations and explanations

− The precipitation disappears in the test tube that containing 
pepsin working at the adequate pH range. 

− The activity of pepsin is the highest at its pH-optimum (pH=2). If 
the pH is very different from this value the reaction catalyzing
ability of pepsin is not efficient. 

− Pepsin is practically inactive in media having pH above 5. 

− Pepsin hydrolyzes proteins into smaller molecular weight, water 
soluble peptides. 

− If it works during substantial time period it can decompose 
proteins even into amino acids.
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− Proteins decompose into amino acids owing to the 

catalytic activity of hydrochloride acid, but the applied 

concentration/time and temperature range in this 

experiment is ineffective to accomplish this. 

− The required conditions for acidic hydrolysis of proteins 

are 6 M hydrochloric acid solution, 110 °C and at least 

24 hours.
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The enzymatic decomposition of saccharose

The nonreducing saccharose can be hydrolyzed into 
reducing monosaccharides: glucose and fructose. 

The hydrolysis can be achieved by means of acidic media or 
using enzymes. 

Yeast possesses both -glucosydase and -fructosydase.
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Accomplishing the hydrolysis

Take three test tubes and add 4 ml freshly prepared yeast 
suspension into each of them. 

Then accomplish that is given below:

Let it stand for 
approximately 10 

minutes. 

Let it stand for 
approximately 10 

minutes.

Let it stand for 
approximately 10 

minutes.

+ 4 ml 1% saccharose
solution + 4 ml distilled water

+ 4 ml 1% saccharose
solution

4 ml yeast suspension 
boiling, cooling

4 ml yeast 
suspension 4 ml yeast suspension 

3. test tube2. test tube1. test tube
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Following standing add 2 ml of Fehling reagent (the mixture of 
1 ml Fehling I. and 1 ml Fehling II.) to the content of each test 
tube. 

Mix and boil carefully for a minute.

Note the content of which test tube undergoes any change and 
give an explanation. 
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Observations and explanations

The solution containing heat deactivated yeast does not give 
the Fehling reaction due to the denaturation of the enzymes 
required for the hydrolysis of saccharose. 

In the case of the second test tube there are not any changes 
due to the lack of substrate. 

The hydrolysis of sucrose is accomplished in the test tube 
containing non heated yeast suspension, therefore addition 
of Fehling reagents and heating results in red precipitation.
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Disaccharides and oligosaccharides (from 3 to 10 
monosaccharide units) can be divided in two groups 
according to their reactivity forward oxidizing agents: 
reducing and non reducing sugars. 

Non-reducing sugars do not contain free glycosidic hydroxide 
groups therefore cannot reduce Cu(II)-ions being present in 
the Fehling solution (e.g. sucrose). 

The reason for that is that their formation is accomplished 
through the condensation of glycosidic hydroxide groups of 
the monosaccharides. 
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Contrary, in the case of reducing sugars, the connection 
between the monosaccharide units is accomplished only 
partially through the glycosidic hydroxide groups (e.g. 
maltose, cellobiose, lactose). 

One reaction partner of the condensation reaction is an 
alcoholic hydroxide group, resulting an intact glycosidic
hydroxide group remains back in the disaccharide. 

Maltose can also be formed from the partial hydrolysis of 
starch, cellobiose can be originated from the partial 
hydrolysis of cellulose.



31

The acidic hydrolysis of saccharose can also be called sucrose 
inversion because sucrose and their hydrolysis products have 
different optical properties.

The final result of hydrolysis is called invert sugar that is an
equimolar mixture of glucose and fructose. 

Sucrose is dextrorotatory (+66,5 °), while the levorotatory 
fructose (–94,4 °) has a greater molar rotation than the 
dextrorotatory glucose (+52,7 °).  

Therefore at the end of the reaction the light is rotated to the left 
(–39,7 °). 

The progression of the reaction can be monitored by the 
measurement of the changes in the rotation of polarized light. 

The reaction of sucrose inversion
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Performing the reaction

Add 5-5 ml of 1% saccharose solution into two test tubes. 

Take the first tube, add 10 droplets of 2 mol/l hydrochloric acid 
solution and bring it to the boil carefully. 

Let it cool down and alkalify slightly with 12 droplets of 
2 mol/l sodium-hydroxide solution. 

Try to accomplish the Fehling reaction with both of the two 
solutions.

Note the observed colour changes and explain them.
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Observations and explanations

Sucrose by itself does not give the Fehling reaction, but as a 
result of the acidic hydrolysis it decomposes into glucose and 
fructose. 

These reducing sugars are prone to reduce Cu2+ to 
copper(I)oxide in the presence of  alkaline.

The neutralization of hydrochloric acid after the acidic 
hydrolysis is necessary in order to ensure an alkaline 
environment for the Fehling reaction.
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3. Practice: 

Simple Biochemical Assays of 

Carbohydrates
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The enzymatic decomposition of starch can be 
accomplished with the use of the enzyme system of 
germinated cereals (malt). 

Amylases and maltases become active during the 
germination of seeds and hydrolyze starch. 

The enzyme pool of malt forms dextrins and maltose 
from the storage carbohydrates of the seeds. 

The enzymatic hydrolysis of starch
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amylopectin

amylose
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Performing the reaction

− Take two test tubes. 

− Pour 10 ml 10% starch suspension into each of them. 

− Add either of the tubes 1 ml freshly prepared 2% alpha-

amylase solution (or malt extract). 

− Mix this tube containing both amylase and starch and let it 

stand for three minutes. 
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– Shake it again. After sedimentation draw out 2 ml from the 
supernatant and try to perform the Fehling reaction. 

– Add 2 ml Fehling reagent to the solution (the mixture of 
Fehling I and II.) and boil it carefully for a minute.

– Take the two test tubes containing starch suspension and 
having two phases. 

– Add 1-1 drop of iodine solution (iodine solution with KI) 
to the tubes, mix them  then observe the colour of the 
supernatants. 

– Explain the colour differences between the two 
supernatants with or without amylase. 
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Observations and explanations

Alpha-amylases (also called liquefying amylases) decompose the 
starch molecule at random locations along the starch chain 
yielding dextrins (consisted of approximately 6 glucose unit). 

Besides these longer chain carbohydrates, others also formed: 
maltrotriose and maltose from amylose; moreover glucose and 
’limit dextrin’ from amylopectin. 

In the presence of amylase, the hydrolysis of amylose and 
amylopectin results in the formation of reducing carbohydrates 
therefore the supernatant gives the Fehling reaction: red 
discoloration (copper(I)-oxide precipitate) can be perceived.
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The supernatant of sedimentated starch suspension without 
amylase gives the starch-iodine reaction (intensive dark blue 
color). 

The supernatant of the sedimentated starch suspension with 
amylase also gives the reaction after mixing, but the resulting 
color is fading as amylase is breaking down the starch being 
present in the supernatant. 

On the interface of the solid/liquid phases the dark colour of the 
iodine-starch complex can be observed. 



41

In the presence of acids, starch first brakes down into 
oligosaccharides. 

Due to the further decomposition the final product is glucose. 

Performing the reaction

− Add 3 ml of 10% starch suspension into a tube, complete it 
with 3 ml 2 M hydrochloric acid solution and place it into a 
waterbath containing boiling water for 3–4 minutes. 

− Cool down the solution and neutralize with 2 M sodium-
hydroxide solution. 

− Check the pH with an indicator paper. 

− Place 2 ml from the resulting solution into a clean tube, add 
2 ml Fehling reagent and boil it for a minute.

The acidic hydrolysis of starch
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Observations and explanations

Starch is a polysaccharide that consists of more hundred glucose
molecules. 

If the acidic suspension of starch is boiled, this polysaccharide is 
hydrolyzed and the final product is glucose. 

The solution boiled in the presence of acid gives the Fehling
reaction due to the hydrolysis of starch.

The manufacture of the ‘so called’ potato-sugar (starch sugar) is 
very similar to the above process. 

The taste of this product is slightly 
sweet due to the partial hydrolysis of 
starch.
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Grate a carrot or chop it into thin slices. 

Put a spoon of these fine pieces into a test tube, add 5 ml distilled 
water and boil it carefully for 1–2 minutes. 

Let it cool down, filter the watery extract into another tube and 
try to accomplish the Fehling reaction with the filtrated liquid.

Extraction and detection of sugars from carrots

Observations and explanations

− The filtrate gives positive result for the Fehling
reaction because carrot (Daucus carota) contains 
more monosaccharides (glucose, galactose) that 
possess aldehyde groups in their free form.

− These sugars can be extracted with water from 
the carrot. 
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First peel a medium size potato than grate it. 

Put the fine pieces into a porcelain mortar, add approximately 
20 ml of water and rub thoroughly with the pestle. 

Pour the liquid from the mortar into a beaker. 

The solid particles should not get through the beaker. 

Let the suspension stand in the beaker until the sedimentation 
occurs. 

Starch extraction from potato

When there are two distinct phases, 
decant the watery phase and let the 
solid phase dry on a filter paper.
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4. Practice: 

Chemical Investigation of Lipids
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Warning! Flammable materials are used for this operation.
To ensure safety use laboratory vent hoods!

− Add boiling stones into a round bottom flask 
then pour 5 ml milk and 5 ml cc. 
hydrochloric acid. 

− Mount the cooler to the flask and heat the 
flask on a boiling water bath for 10 minutes 
under a vent hood.

− Let it cool down and add 5 ml of ethanol. 

− Observe the surface of the liquid. 

Fat extraction from milk
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− Carefully pour the content of the flask into a separatory
funnel closed on the bottom. 

− Boiling stones should be remained in the flask! 

− Add 10 ml petrolether to the separatory funnel, shake it 
gently for 1–2 minutes.

− Warning! When the two different liquid phases are mixed, 
the vapor pressure rises, therefore open the funnel on 
the top after the first mixing in order to allow the 
pressure to drop. 

− Put the separatory funnel into a covered metal ring 
mounted on a stand.  

− Open it on the top and wait until the two phases separate.

− Discard the lower watery phase in a container, and use the 
upper, organic phase: pour some of it on a watch glass 
and evaporate the solvent firmly.
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Observations and explanations

The acidic boiling was carried out in order to deliberate the fat 
content of the milk that is present originally in small 
globules.  

The core of these spherical particles contains fat and that core
is covered with protein shell. 

During acidic boiling the fat deliberates from the globules. 

When ethanol is added, the fat droplets appear on the surface 
of the acidic solution. 
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The next step was an extraction with an organic solvent. 

Milk fat was extracted with petrolether. 

When the watch glass was warmed the solvent was 
evaporated and milk fat remained back. 

This material is the main constituent of butter. 

In that case milk fat is separated from the other constituents 
of milk with mechanical shaking (churning).
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The boiling of saponifiable lipids in an alkaline solution 
results in the formation of more compounds. 

Triacilglycerides decompose into glycerol and fatty acid salts. 

This process is called saponification. 

tripalmitate glicerol sodium-palmitate
(sodium soap)

Hydrolysis and saponification of glicerydes
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Performing the reaction

− Take a round bottom flask equipped with boiling stones then 
pour appr. 10 ml plant oil and add 10 ml 20 g/100 ml KOH 
in ethanol. 

− Mount a cooler on the top of the round bottom flask and boil 
it on a water bath for 5 minutes. 

− Carefully reassemble the flask from the cooler. 

− Close the flask and let it cool down.

− Note the observed phenomenon and explain it.
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Observations and explanations

Plant oils predominantly consist of triacilglicerydes. 

Triglicerides hydrolyze in the alcoholic solution of KOH. 

Potassium salts of fatty acids and glycerol are formed.

The sodium and potassium salts of fatty acids are called soaps. 

These compounds form gels in concentrated solutions. 

The saponified plant oils also congeal when the flask is 
removed from the source of the heat as the potassium soap 
solution cools down.
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− Put a quarter of spoon of crystalline KHSO4 into a test tube. 

− Add some droplets of the glyceride containing solution 
(approx 50 v/v% mixture of glyceride and water) until it 
covers the potassium salt. 

− Dip a piece of filtration paper into a 3 M silver-nitrate 
solution alkalified with ammonia. 

− Heat the content of the test tube carefully with a Bunsen 
burner flame. Throughout the heating hold the filtration 
paper with forceps to the opening of the test tube. 

− Carefully smell the formed gas and notice the color change of 
the filtration paper. 

Note the observed phenomena and explain them. 

Glycerol assay
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Explanation

During the heating of glycerol containing solution two water 
molecules are eliminated from the glycerol molecule and acrolein
(propenal) is formed.  

This unsaturated aldehyde can be perceived due to its characteristic 
smell that is described as disagreeable, piercing, acrid smell 
similar to that of burning fat. 

− At room temperature acrolein is a colourless, volatile liquid. 

− It can be dissolved in both organic solvents and water. 

− Highly reactive and toxic.
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Aldehydes are prone to oxidation resulting in the formation of 
carboxylic acids. 

During the oxidation of acrolein into acrylic acid, the silver ions 
are reduced and the formed silver atoms can be detected on the 
surface of the filter paper. 

For the successful reaction ammonia should be also present in the 
solution because solely silver ions in diammine complex are 
able to oxidize acrolein.

Ag+ + 2 NH3 = [Ag(NH3)2]+

2 [Ag(NH3)2]+ + COH-CH=CH2 + 2 OH− →
2 Ag +  2 COOH-CH=CH2 + H2O + 4 NH3

+1 +1

+30
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1:

Put a quarter of spoon of stearic acid into each of three test 
tubes. 

Add 5 ml distilled water to the first, 5 ml ethanol to the second 
and 2 ml diethyl ether to the third tube. 

Shake the tubes for a while and observe the solubility of this 
fatty acid in the three solvents. 

Pour an aliquot from the diethyl ether solution on a watch glass.

Fatty acid investigations
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2: 

Take another test tube. 

Add 5 ml distilled water then 0.2 ml volatile-fatty-acid 
mixture (C2–C8). 

Observe the solubility of short chain fatty acids in water.

3:

Add 2 droplets of 1% phenolphthalein solution to the 
ethanolic solution of stearic acid, mix the tube then dose 
drop-by-drop an 1 w/w% sodium hydroxide solution until 
the colour of the solution changes.
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Observations and explanations

1. Long chain fatty acids are practically insoluble in water due
to the large apolar part of the molecule, but their solubility is 
good in apolar solvents e.g. ethanol or diethyl ether.

2. Short chain fatty acids (that are called also volatile fatty 
acids) are soluble in water and their solubility is inversely 
proportional to the length of their carbohydrogen chain. 
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3.The pink color indicates an alkaline 
environment (pH>8–10) in the case of 
phenolphthalein. 

At lower pH, initially, the solution is colourless. 

The colorization occurs after the addition of few 
droplets of sodium hydroxide solution because 
at first stearic acid present in the solution has to 
be neutralized.

C17H35–COOH + NaOH → C17H35–COONa + H2O

Stearic acid is a weak acid therefore the 
equivalence point of the titration is in the 
alkaline pH range.

Titration curve of a weak acid with a strong base.
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5. Practice:

Pyruvate to Lactate Assay

(Lactate Dehydrogenase)
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The enzyme lactate dehydrogenase catalyzes the formation of 
lactate from pyruvate at near to neutral pH (pH=7.5).

COOH–CO–CH3 + NADH + H+ → COOH–CHOH–CH3 + NAD+

pyruvate lactate

Parallel to the reduction of pyruvate, coenzyme NADH is 
oxidized to NAD+ and the latter process can be followed with 
absorbance measurement at 340 nm. 
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The NADH molecule has got an absorption maximum at 340 nm 
due to its chinoidal structure, while NAD+ bearing an aromatic 
ring does not have this peak on its absorption spectrum. 

The absorption decrease of the reaction mixture of pyruvate and 
NADH is proportional to the activity of lactate dehydrogenase
present in the solution.

Performing the assay

The activity of lactate dehydrogenase present in bovine serum is 
determined. 

It is important that the bovine serum under investigation should be 
non-hemolyzed because hemolysis can affect the enzyme 
activity.



64

The measurement is accomplished by use of a reagent kit 
containing the next solutions:

0.24 mmol/lNADH solution

2. reagent 

1.6 mmol/lPyruvate solution

56 mmol/lPhosphate buffer 
pH=7.50

Concentration1. reagent 

− Measure the absorbance change of the solution at 340 nm for at 
least 5 minutes against water or air. 

− Make a graph showing the time dependence of absorbance. 

− Determine the average absorbance change during a minute.

In a test tube:

− Add 1 ml of the first reagent. 

− 1 ml of the second reagent. 

− 0.05 ml from the bovine serum.

Mix, then incubate at 37 °C for a 
minute. 
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where:

F
min
ΔA

lmin
μmolactivityEnzyme 







min
A

The enzyme activity of lactate dehydrogenase can be 
calculated with the following formula:

= the absorbance change during one minute, owing to the 
decomposition of the substrate at a given wavelength (340 nm).

F = factor, where:

SV
TV

P3.6
1000F 




6.3 cm2/μmol = the millimolar absorption coefficient 

of  NADH at the given wavelength (340 nm).

P = path length (cm)

TV = the total volume of the reaction mixture (ml)

SV = the volume of the sample (bovine serum) (ml)
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− Present in every cell.

− Tetramer molecule. 

In the tertier structure there can be two sorts of subunits 
originated from different tissues (M-muscle, H-heart).

liverkidneylungserythrocytesheart 
muscleOccurrance

4M1H3M2H2M3H1M4HSubunits

1112233420Distribution 
(%)

LDH-5LDH-4LDH-3LDH-2LDH-1Isoenzyme

Lactate dehydrogenase
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6. Practice: 

Determination of Ascorbic Acid 
Content with a Spectrophotometric

Method
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Ascorbic acid present in aqueous solutions is prone to reduce 
Fe(III) ions to Fe(II) in the presence of phosphoric acid. 

2 Fe3+ + 2 e- → 2 Fe2+

The formed ferrous ions react with 2-2’-
bipyridine reagent and form Fe(II)-
bipyridine complex [Fe(bipy)3]2+ with 
distinct red colour.

2+
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Performing the assay

This method can be applied for the determination of 
the apparent ascorbic acid content.

Weigh 2–10 g from the material under investigation (depending 
on the expected C-vitamin content) into a porcelain mortar. 

Add quartz sand and 0.5 ml 96% acetic acid to the content of 
the mortar then rub thoroughly with the pestle. 

Wash the pulp with distilled water into a 100 ml volumetric 
flask, complete it to the volume with distilled water and 
homogenize. 

Filter the content of the flask into another flask. 
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Add the next solutions into two pieces of 100 ml volumetric 
flask per sample:

+ 1 ml 1% Fe(III)-chloride solution + 1 ml 1% Fe(III)-chloride solution
+ 2.5 ml 1% 2-2’-bipyridine reagent + 2.5 ml 1% 2-2’-bipyridine reagent
+ 0.3 ml cc. phosphoric acid+ 0.3 ml cc. phosphoric acid
+ 30 ml distilled water+ 20 ml distilled water

+ 10 ml sample filtrate
2. flask:1. flask:

Mix the flasks after each volume addition!
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Prepare a stock solution and working solutions from ascorbic 
acid covering the expected concentration range. 

Parallel with the preparation of the samples, obtain the 
reaction in the following way:

+ 1 ml 1% Fe(III)-chloride solution
+ 2.5 ml 1% 2-2’-bipyridine reagent
+ 0.3 ml cc. phosphoric acid 
+ 30 ml distilled water 
+ 1 ml working solution of ascorbic acid
Flasks for working solutions:

Mix the flasks after each volume addition!



72

− Close the flasks and let it stand for 30 minutes in a dark place. 

− Then complete each flask to the volume with distilled water 
and shake them well. 

− Pour an aliquot into a quartz cuvette and measure the 
absorbance with a spectrophotometer at 540 nm. 

− The color intensity is proportional to the amount of ascorbic 
acid present in the solution. 
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Based on the absorbance values of the working solutions 
determine the relationship between concentration and 
absorbance. 

cPε
I
IlgA 0 

Lambert–Beer law 

A = absorbance
Io = intensity of the light before entering the sample 
I =  intensity of light that has passed through a sample 
 = molar absorption coefficient 
P = path length (cm)
c = concentration (mol/l) 
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Estimate the coefficients (f, g) of the function describing the 
linear relationship between concentration (c) and absorbance 
(A) with the linear least squares method. 

This function is the calibration curve: A = f + g×c

Based on this function, calculate the apparent ascorbic acid 
content of the solution. 

Count the C-vitamin content of the sample using the dilution 
factors. 

Concentration

A
bs

or
ba

nc
e
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7. Practice: 

The Action of Isocitrate

Dehydrogenase
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The NAD+ specific isocitrate dehydrogenase participates in the 
citrate cycle and catalyzes the first oxidative decarboxylation
of the process. 

1. Isocitrate is dehydrogenated and oxalo-succinate is formed 
parallel with NADH. 

2. Oxalo-succinate is decarboxylized to yield -ketoglutarate
(2-oxo-glutarate).

 
C O O - 

C H 2 
H C C O O - 

C H 

C O O - 

H O 

C O O - 

C H 2 
H C C O O - 

C 

C O O - 
O 

C O O - 

C H 2 

C 

C O O - 
O 

C H 2 

N A D  ++ N A D H  +  H + C O 2 

isocitrate oxalo-succinate -ketoglutarate
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The NADP+ specific isocitrate dehydrogenase isozyme catalyses 
practically the same reaction. 

The main difference is that the coenzyme is NADP+, therefore 
this reaction results in the formation of NADPH. 

This enzyme is present in both cytosol and mitochondrium.

D-isocitrate + NADP+ -ketoglutatate + CO2 + NADPH + H+

− The determination of the enzyme activity of the NADP+ specific 
isocitrate dehydrogenase is based on the measurement of the 
light absorption of NADPH. 

IDH
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– This coenzyme shows an absorption maximum at 340 nm due to 
its chinoidal structure while NADP+ with an aromatic ring does 
not possess significant light absorbing activity at this wavelength.  

– The reaction is achieved at pH=8.0 because at these pH the 
equilibrum of the above reaction is shifted towards the formation 
of -ketoglutarate.

The applied isocitrate and NADP+ concentration should be 
enough for the saturation of the enzyme present, but cannot 
inhibit the reaction, so the concentration increase of 
NADPH solely depends on the activity of the enzyme.



79

Performing the assay

The measurement is accomplished by use of the next solutions:

3.30.10MgCl2 (0.1 mol/l)
0.40.10NADP+ (11 mmol/l)
1.130.10I. D-izocitrate (15 mmol/l)
93 2.65tris-HCl buffer (0.1 mol/l, pH=8)

Final concentration 
(mmol/l)

Volume (ml)Solutions



80

The reaction is started with the addition of isocitrate
dehydrogenase solution.

0.18…0.27 nkat/ml 0.05IDH solution
Activity in the reaction mixtureVolume (ml)Solution

The IDH solution is made from dilution of a stock solution 
with the final enzyme concentration of 0.2–0.3 mg/ml. 

Measure the absorbance changes at 340 nm for 5 minutes 
and determine the average change of absorbance during a 
minute.  
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Calculate the IDH activity with the following formula:

F
min
ΔA

lmin
μmolactivityEnzyme 






where:

min
A = the average absorbance change during one minute, owing to the   

decomposition of the substrate at a given wavelength (340 nm).

F = factor, where:
05.0

D0.3
P3.6

1000F .solstock





6.3 cm2/μmol = the millimolar absorption coefficient of NADPH at the given 
wavelength (340 nm).

P = path length (cm)
3.0 = the total volume of the reaction mixture (ml)
Dstocksol = the dilution factor of the IDH stock solution
0.05 = the volume of the IDH solution in the reaction mixture (ml)


