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The Practical Biochemistry book was prepared as
an assistant book for second-year students who study
biochemistry in the first and second semesters. It
includes most of the practical biochemistry

curriculum.

The first chapter includes basic biochemistry and
methods of work in the diagnosis and differentiation
of compounds. The second chapter includes clinical
biochemistry, which deals with the study of the
concentration of compounds. As for the third chapter,
it contains the preparation of special solutions in

practical experiments that the student studies.
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Prof.Dr.Nawras Abdelah Alwan Practical Biochemistry

Biochemistry

Is a science that deals with chemical compounds for living
materials and chemical changes which occurs through different living
processes or can be define as a chemical analysis for biological

processes include metabolism (anabolism and catabolism).

Chemistry of carbohydrates

Are aldeyde or ketone derivatives of polyhydric alcohols or
compounds that yield these derivatives on hydrolysis. Carbohydrates
serve as a principle source of energy. There are classified in to:
1-Monosaccharides: these kinds of saccharides can not be partion into
simple picture (simple units) and have general formula (C,H,,0,), for
eX.: glucose, fructose and ribose.
2-Oligosaccharides: it is saccharides which contain from 2- 10 units
from monosaccharide. ex.: maltose and lactose.

3- Polysaccharides: it is a saccharides which contain large number
from monosaccharide which joined together by glycoside bonds, for

ex.: starch, glycogen and dextrin.
Starch: It is polysaccharides consist from joined to chains known as:

1- Amylose: this chain consist from (1000-4000) units of glucose
joined together by glycoside linkage type a(1,4).
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2- Amylopectin: it is consist from joined two chains of amylose by

glycoside bonds type a(1,6).

O, Ly

0]

0 4H2
(AOKOAOKH)O

Colour reactions of carbohydrates

1-Molisch's test:

This is general test for all carbohydrates. It detects the presence the
carbohydrates in a given solution.
Principle: alcoholic a-naphthol forms furfural and furfural derivatives
by conc. H,So, acting on the sugar. This compound forms a reddish
violet ring at the junction of the two liquids.
Method:
1- Put 2ml from sugar solution in test tube.
2-Then added 1-3 drops of a-naphthol to test tube and mix the solution
well.
3-Added 2ml of concentration sulphuric acid from the side of the test

tube to form violet ring at the junction of two layers.

©
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2- Benedict's test:

A carbohydrate with a free aldehyde or ketone group shows the
reducing properties. These carbohydrates, in alkaline medium like
sodium carbonate. These enediols reduce copper sulphate to cuprous
hydroxide, which during the process of heating is converted into red
cuprous oxide.

Method: Added 3ml of Benedict’s reagent to test tube, add 0.5 ml of
sugar solution. Mix well, boil the vigorously for 2 min. and then allow
to cool (do not cool by immersing in cold water). A red, yellow or

green ppt. develops depending upon the concentration of sugar present.

Orange
red ppt

Traces of Moderate Large

reducing sugar amount of
reducing

sugar
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3- Barfoed's test:

This test is used to distinguish between monosaccharides and
disaccharides. In this test the reduction is carried out in a weak acid
medium.

Methods:

1- Added 2ml of barfoed's reagent to 2ml of sugar solution

2- Mixture the solution well and then boiled for 3min. and cool it.
3-Observe red granular formation a long the side and at the bottom of
test tube, these due to present monosaccharide (like: glucose, fructose).
Note : the monosaccharide react very fast with the barfoed's reagent,
where as reducing disaccharide react very slowly because of presence
of the weak acid but other prolonged heating the disaccharide may give

a positive result.

Fructos

Sucrose
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4-Seliwanoff's test:

This test of ketone sugar (like: fructose and sucrose), the keton group
of ketose sugar is more reactive then aldehyde group of aldose and it
reacts rapidly within 30 second of boiling to form furfural derivative.
This then condenses with resorcinol to give a red colour.

Methods:
1- Add 3ml of seliwanoff's reagent to 1ml of sugar solution and
mix well.

2- Heat to boiling for 20-30 seconds, formation of red ppt.

Ketose monosacch. Ketose containing
S (fructose) Disacch. (Sucrose) |faint pink/red| |

Negative Seliwanoff's test  Positive Seliwanoff's test D“‘j e ot | Ml
ve test +ve test ve

indicates the presence of fructose.
]

Aldose

5- Bial's test:

This test specially for sugar contain five carbon atoms (like: ribose)
which converted it to furfural and reaction with orcinol to production
green solution.

Method: 1- Added 1ml of sugar solution to 1ml of bial's test
2- Mix the solution and boil for 5-10 min. and observe green colour

solution.

©
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HO OH HO
CH,0H OH CHO
0
Ll IHI [N| 1050,
140
CH
f 20

CH, / y CH, / H
OH OH Q
V.
HO' OH

(Can/ may be

Hexoses)
Two negative tests (left, middle) and a positive test (right)

6- lodine's test: It is a special test for polysaccharide for ex.: starch,
dextrin and glycogen, the color of solution appear depend on amount

of iodine adsorption on the surface of sugar.

Method:

Add 1ml of iodine solution to 1ml of sample. A blue, red and purple
colour in case of starch, dextrine and glycogen, respectively. In case of
starch, blue colour disappears on heating and reappears on cooling, but
red and purple in case of dextrin and glycogen do not reappear on

cooling.
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7- Osazone's test:

A solution of reducing sugar when heated with phenyl hydrazine
formation yellow crystalline compounds called osazone are formed. In
this test the glucose , fructose and mannose produce the same osazone,
because of the similarities in their final four carbon molecules
structures. Lactose gives powderpuff like, while maltose forms
sunflower shaped osazone.

Method:

Mix 2ml of sugar solution with knife point of phenyl hydrazine
hydrochloride and double the amount of sodium acetate crystals and
add 5 drops of glacial acetic acid. Mix and warm a little to see that the
solids are dissolve. And the boiling the solution for 20-30 min. allow
the tube cool slowly without cooling it hurriedly under the tap to have

better crystals. Examine the crystals under the microscope.

©
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CHO

{Needle
shape),

Type of Osazone formation | Structure
disaccharides |shape I

1 : ) (0
Glucose . BN o >

: lactose
{Powder-puff
or tennis ball
shape).

t o Mahose
{Sunflower
shape).

Biochemical test for glucose:
This method is commercially used in dipsticks used fortesting the
presence or absence of glucose in urine or blood. The  dipstick

contains  the enzyme glucose oxidase, peroxidase and o-
Toluidine.
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Principle:

Glucose

Glucose oxidase
. * @

/

Peroxidase

O-Toluidine
Colored product P ° @

(in_urine or blood)

Clinical significance:

This test is used for qualitative determination of glucose in
biological fluids (e.g. urine or blood) and subsequent diagnosis of
“Diabetes mellitus”.

Laboratory Exercise

Label 5 test tubes, one for each provided carbohydrate solution
(glucose,fructose, lactose & starch) and perform the following tests:
1. Molisch’s test.
2.Fehling’s test.

3. Benedict’s test.
4. Osazone test.
5. lodine Test.
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Chemistry of Proteins

The word “protein” is derived from the Greek word “proteios”,
which means “of primary importance”. In fact, a protein plays an
important role inall biochemical and physiological body processes;
they act as enzymes, hormones, receptors, antibodies and are required
for the structural integrity of cells.

The aim of this practical session is to:
1- Obtain a simplified knowledge about protein structure.
2- Practically apply this knowledge by performing some protein color

andprecipitation reactions.

Protein structure

Proteins are organic compounds made of “amino acids” joined

together by“peptide linkages”.

R group
Amino group

Carboxyl group

R

I
H—N-—C—C— OH

| I Il
H H O

Amino acid
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These pepetide linkages are obtained by condensation reactions

(removalof water) between carboxylic & amino groups of two adjacent

amino acids.
0 i I
H—T—(ll—ﬁ—OH H—N—(I:—C—OH H—N—C—(T—OH
5B | N .
H H o H H o H H (o]
Amino acid Amino acid Amino acid
] ] I
I
H—=—IN—C —&—N— C —&—N— C —i =t
|| lpegtidelingiged | |
e |deI|nk e
H H dt g H (0]

\

Essential and non-essential amino acids:

There are 20 standard amino acids which differ in their side chain
(R). Some of them are considered “essential” since they cannot be
synthesizedin our body and must be therefore provided in the diet (e.g.
tryptophan & phenylalanine), while others are “non-esential” and can

be synthesized in the body (e.g. alanine & cysteine).

(1)
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Functions of dietary proteins:

Proteins are necessary components in our diet. Through the
process of digestion, proteins arehydrolyzed into amino acids that can
be used for the synthesis of different body proteins (enzymes,
hormones, antibodies,...etc), tissue repair and growth. Deficiency of
proteins can cause general weakness, protein malnutrition diseases, and

decreased resistance to infection.
ANIM

Amphoteric nature of amino acids:

As amino acids have both an “amino” gp and a “carboxylic” gp,
they are considered as both “base” and “acid”, i.e. they are
amphoteric. At a certain pH, the amino group can become protonated
gaining a positive charge, and the acid group can become
deprotonated gaining a negative charge. The resulting doubly charged

ion is known as “zwitterion”. R

H,
/ : @

Zwitterion @ \

HN 0
@
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Aspects of protein structure:

There are 4 aspects to describe a protein structure: 1°ry, 2°ry3°ry &

4°ry structures.

Beta Pleated Sheet

%

)

SECONDARY STRUCTURE 38

Hydrogen bonding to give
alpha helical or beta pleaded

TERTIARY STRUCTURE QUATERNARY STRUCTURE

Overall shape (globular or fibrous)  Assembly of protein subunits
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Laboratory exercise
Using the provided solutions of aloumin (egg white), casein
(milk protein)and gelatin (animal collagenous material), perform the

following:

A. General tests
B. Color reactions
C. Precipitation reactions

A.General tests for proteins
1- Ninhydrin reaction:
Principle:
Ninhydrin reacts with amino acids in proteins at high temperature

giving apurple colored complex.

0 0 0
HMN_ COH OH  130°C 4
PO —_— IH ’
H g ‘ oH 90 sec
0 0 0~
Purple colored ninhydrin complex Amino acid

Ninhydrin is most commonly used as a forensicchemical to detect
“fingerprints”, as amines left over from proteins sloughed off in

fingerprints react with ninhydrin giving a characteristic purple color.
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Procedure & observation:
-To 1 ml amino acid solution in a test tube, add 1 drop of ninhydrin.
-Put in a boiling water bath and observe the formation of a purple

color.

2-Biuret test:

Principle: The biuret reagent (copper sulfate in a strong base) reacts
with peptide bonds in proteins to form a blue to violet complex known
as the “biuret complex”. N.B. Two peptide bonds at least are required

for the formationof this complex.

Biuret complex

(1)
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Procedure & observation:

- To 2 ml of protein solution in a test tube, add 3 drops of 10% sodium
hydroxide solution and 3-6 drops of 0.5% copper sulfate solution.

-Mix well; a blue to violet color is obtainedwith albumin, casein

&gelatin.

A. Color reactions of proteins

1. Reduced sulfur test:

Principle: Proteins containing sulfur (in cysteine and cystine) give a
black depositof lead sulfide (PbS) when heated with lead acetate in

alkaline medium.

Procedure & observation:

s To 1 ml of protein solution in a test tube, add 2 drops of 10%
sodium hydroxide solution and 2 drops of lead acetate.
s Mix well and put in a boiling water bath for few minutes; a
black depositis formed with albumin, while a slight black turbidity
IS obtained with casein due to its lower content of sulfur. Gelatin

gives negative result.
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H,S-NEGATIVE: H,S-POSITIVE:
no black black precipitate
precipitate formed
formed

2- Xanthoproteic acid test:

Principle: Nitric acid gives a color when heated with proteins
containing tyrosine (yellow color) or tryptophan (orange color); the
color is due to nitration.

Procedure & observation:

- To 2 ml of protein solution in a test tube, add 2 drops of concentrated
nitric acid.

- A white precipitate is formed and upon heating in a boiling water
bath, it turns yellow with “tyrosine” and orange with the essential

amino acid “tryptophan” indicating a high nutritive value.



Tyrosine [}

OH
+c. HNO3 —
NH;
HO

Trptophan

& ;
+e. I'{!\'O3 w—
] OH
HN NHz

+ve

3- Millon’s test:
Principle:
Millon's reagent (Hg/HNOg3) gives positive results with proteins

containing the phenolic amino acid “tyrosine”.
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Procedure & observation:
%+ To 2 ml of protein solution in a test tube, add 3 drops of Millon’s
reagent.
+ Mix well and heat directly on a small flame.
« A white ppt is formed with albumin and casein (but not

gelatin); the pptgradually turns into brick red.

Millon's == Millon's
OH /@ CH,— CH— C00 Negative Test Positive Test
|
NH,*

B g Tyioakié Absence of tyrosine Presence of tyrosine
or phenol-containing or phenol-containing
| | compounds compounds
|
CH Cy”‘ coo ‘. Redor pink colored Red or pink colored
NH NH,* \ "'/ | precipitate absent precipitate present

Tryptophan

Phenol  Tyrosine Eggwhite Starch  Control
All give pink/red colour No colour
+ve test -ve test

4-Hopkins-Colé test :

Principle:
Hopkins-Colé reagent (magnesium salt of oxalic acid) gives
positive results with proteins containing the essential amino acid

“tryptophan” indicating a high nutritive value.
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Procedure & observation:

-To 1 ml of protein solution in a test tube, add 1 ml of Hopkins-
Coléreagent and mix well.

- Incline the test tube and slowly add 1 ml of concentrated H,SO, on
theinner wall of the test tube to form 2 layers.

- Put the test tube in a boiling water bath for 2 minutes.

- A reddish violet ring is formed at the junction between the 2 layers

withalbumin and casein; gelatin gives negative results.

Hopkins-Cole test
(Adamkiewicz-Hopkins’ test)

(Detection of tryptophan)

—=NH
H,S0,
—ee i

~~OH
(o)
Tryptophan glyoxylic acid, Purple-Colored Product

www.biocheminfo.com

5-Sakaguchi Test: (Detection of Arginine)

The Sakaguchi test is a chemical test used for detecting the presence
of arginine in proteins. It is named after the Japanese Food Scientist
and Organic Chemist, Shoyo Sakaguchi (1900-1995) who described
the test in 1925.
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Principle:

Sakaguchi test is given by guanidinium compounds. The only amino
acid containing the guanidine group is arginine. Therefore this test is
specific for identification of arginine. Arginine reacts with a-naphthol
in presence of an oxidizing agent such as bromine water or sodium
hypochlorite to give a red coloured product. The other guanidine

containing non-amino acid compounds also give this reaction.

Reaction:
HzN O—\—0
H >:NH 2 NaBr
3 NaOBr HIN
. +
NaOH NaOH
HaNr Naphthol HoNive
0
it 2 H,0
Arginine Red Colored Product
Reagents:

1. Test solutions:
« Amino acids: 0.1 % solution of amino acids like glycine, arginine,
lysine, tyrosine, etc.

« Protein solution: egg albumin in distilled water (around 10%).

&
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« Guanidines: 0.1 % solutions of glycocyamine, methyl guanidine, and
creatine.
2. NaOH: 40% (wi/v).
3. a-Naphthol: 1% in alcohol.
4. Bromine water: Add a few drops of bromine to 100 ml water and
shake. This should be done in a fume chamber. (Caution: Bromine can
cause severe burns). Or use 10% sodium hypochlorite solution.
Procedure:

« Mix 1 ml of NaOH with 3 ml of the amino acid or test solution

o Then add 2 drops of a-naphthol.

« Mix thoroughly and add 4 to 5 drops of bromine water or add 1 to

2 drops of 10% sodium hypochlorite.

« Watch for the formation of red colour.

Result Interpretation:

Positive test: Formation of red colour indicate presence of arginine or
a guaniginium compound.

Negative test: No formation of red colour indicate absence of arginine

or a guaniginium compound.
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2N o\N/o
>=NH 2 NaBr

3 NaOBr
+ 2
NaOH é NaOH

Naphthol H N

0 2H,0

Arginine Red Colored Product

Precipitation reactions of proteins:

1-Precipitation by heavy metals:
Principle:

Heavy metals (e.g. Hg®*, Pb*, Cu®) are high molecular weight
cations. The positive charge of these cations counteracts the negative
charge of the carboxylate group in proteins giving a precipitate.
Procedure & observation:

-To 1 ml of protein solution in a test tube, add 1 drop of lead
acetate;a white ppt is obtained.
-To 1 ml of protein solution in a test tube, add 1 drop of 10%

coppersulfate; a blue ppt is obtained.

&



Practical Biochemistry Prof.Dr.Nawras Abdelah Alwan

Lead Sulfide Lead Sulfide
Negative Test Positive Test

Black precipitate Black precipitate
absent present
Sulfur-containing Sulfur-containing
amino acids absent amino acids present
(cysteine or cystine) (cysteine or cystine)

2-Precipitation by alkaloidal reagents:

Principle: Alkaloidal reagents (e.g. tannate & trichloroacetate) are
high molecular weight anions. The negative charge of these anions
counteracts thepositive charge of the amino group in proteins giving a
precipitate.

Procedure & observation:

- To 1 ml of protein solution in a test tube, add tannic acid drop wise
until abuff ppt is obtained.

-To 1 ml of protein solution in a test tube, add 1 ml of
trichloroaceticacid (TCA); a white ppt is obtained.

N.B. Precipitation of proteins by heavy metals and alkaloidal reagents
indicates the presence of both negative and positive charges and hence
the amphoteric nature of proteins.
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3- Precipitation by denaturation:

A-Denaturation by heat (heat coagulation test):

Principle: Heat disrupts hydrogen bonds of secondary and tertiary
protein structure while the primary structure remains unaffected. The
protein increases in size due to denaturation and coagulation occurs.
Procedure & observation:

-Put 2 ml of protein solution in a test tube, incline it and heat to boiling.

-A permanent clotting and coagulation is obtained with albumin only.

Heat Coagulation Test of Proteins - Principles, Procedure, Result

Coagulum
No coagulum o formation
formation
Proteins Absent Proteins Present
Negative Test \ Positive Test

B- Denaturation by acids (Heller’s test):
Principle:

Nitric acid causes denaturation of proteins with the formation of a
white ppt (this differs from the nitration reaction in “xanthoproteic acid
test”).
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- Put 2 ml of concentrated nitric acid in a test tube.

Procedure & observation:

- Incline the tube and slowly add 1 ml protein solution drop wise to
form alayer above the nitric acid layer.
-A white ring is formed at the interface between the 2 layers.

TEST FOR PROTEIN [EBYJUS
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4-Fractional  precipitation by ammonium  sulfate
(salting out):
Principle:

Protein molecules contain both hydrophilic and hydrophobic amino
acids. In agueous medium, hydrophobic amino acids form protected
areas while hydrophilic amino acids form hydrogen bonds with
surrounding water molecules (solvation layer). When proteins are
present in salt solutions (e.g. mmonium sulfate), some of the water
molecules in the solvation layer are attracted by salt ions. When salt
concentration gradually increases, the number ofwater molecules in the
solvation layer gradually decreases until protein molecules coagulate
forming a precipitate; this is known as “salting out”.As different
proteins have different compositions of amino acids, different proteins

precipitate at different concentrations of salt solution.

Procedure & observation:

s+ To 2 ml of egg-white solution

(containing both albumin & globulin),

addan equal volume of saturated ammonium sulfate solution; globulin
is precipitated in the resulting half saturated solution of ammonium
sulfate.

+» Separate globulin by centrifugation and recover the clear supernatant.
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«» Add ammonium sulfate crystals gradually to the clear supernatant
until full saturation occurs; another precipitate (albumin) is obtained.

+» Separate albumin by centrifugation.
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N.B.: The reason for the precipitation of globulin and albumin at
different ammonium sulfate concentration could be that the solvation
layer around globulin is looser and thinner than that around albumin.
Therefore, globulin needs only half-saturated ammonium sulfate to
loose its solvation layer while albumin loses its solvation layer in a

fully saturatedammonium sulfate solution.
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1. Using the provided solutions of albumin, casein and gelatin

perform the tests in the table below and write down your observations.

test _
Albumin

Casein

Gelatin

Biuret test

Reduced sulfur test

Xanthoproteic acid test

Heavy metal pptn

Alkaloidal reagent pptn

Heat coagulation test

Heller’s test

2. Gelatin of high nutritive value? Why?

3. Observe the demonstration of fractional separation of albumin and

globulin from egg white using ammonium sulfate (salting out).
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Chemistry of lipids

The term “lipids™ applies to a class of compounds that are soluble in
organic solvents (e.g. alcohol and chloroform) and insoluble in water.
Lipids are essential components of every living cell.

The aim of this practical session is to:
1. Obtain a simplified knowledge about lipids.
2. Perform different tests showing some lipid characteristics.
Classification of lipids
Lipids are classified into:
I. Simple lipids:
They are esters of fatty acids with various alcohols. They include
oils and Fats which are esters of fatty acids with glycerol (i.e.

triglycerides).

STRUCTURE OF A TRIGLYCERIDE LIPID

PHERR FEERERE A
H H_ITJTJT_"T_[T["' T _T_T_L%_H
I H H H H H H H H H H
HO—C— H
| FIPRR BYY
GLYCEROL  HO—C—H i gl ol b1t ot b0
| SR
HO—C—H
| BoH B H B8 & BB
H il o ol W o
H—C—C—C—C—c—c—(|:[------]c|:—(|:— 0o—c—H
I A A

[

ESTER BOND



Prof. Dr.Nawras Abdelah Alwan E—:ﬂnl Hlﬂmg

[I. Complex lipids:

They contain (in addition to fatty acids and alcohols) additional
groups as phosphate (e.g. phospholipids), carbohydrates (e.g.
glycolipids) and proteins (e.g. lipoproteins).

[Il.Precursor and derived lipids:

They include fatty acids, cholesterol, steroid hormones, fat-soluble

vitamins (vitamin A, D, E & K) and eicosanoids, which include

prostaglandins, leukotrienes and thromboxanes.

Cholesterol is produced by the liver and
we consume it from meat and dairy products

H,C CH, [\ - v' qﬁm‘
CH, CH, \ — Liver
CH ‘ ) F

Cholesterol
(animal) Cholesterol

HO

Biological functions of lipids:
1. They provide energy storage and metabolic fuels.

2.Cholesterol is a precursor of steroid hormones, bile acids
(which helpin digestion of dietary fats) and vitamin D.
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H,C
HO OH
C OH Cl
CH, CH,
0 HO
Steroid hormone Bile acid
(testosterone) (deoxycholic acid) Vitamin D,

3.They act as functional and structural components of the cell
membrane.

4. Lipoproteins (e.g. LDL & HDL) are a mean for transporting
lipids in blood.

5.Imbalance in lipid metabolism can lead to major clinical
problems such as obesity and atherosclerosis.

Normal artery

Artery narrowed
by atherosclerosis

Blood flow

Plaque

Practical

1. Test for solubility of lipids in polar & non-polar solvents:

— Add about 2 ml of the provided oil sample to 5 ml of water in a
test tube and try to mix oil with water. By shaking, oil and water

mix initially; however, they gradually separate out to form 2
layers.

— Repeat the experiment using chloroform instead of water.

o
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— Oil dissolves in the organic solvent “chloroform” but not in
water because oils contain long hydrocarbon tails which are

hydrophobic innature.

2. Saponification of oils:

Saponification of oils means the hydrolysis of triglycerides in the oil
in presence of an alkaline medium (e.g. NaOH) into glycerol and fatty
acids with the production of sodium salt of fatty acids or “soap”.

CH-O -OR1 _
: mo (B2 OH +RICOO™ .oy ap o

CHO:0R2 ——== |, R2COO™ a’ 42

I HEOR R3CO0™

CH,O" OR3 “H, OF

— Place 5 ml of the provided oil sample in a 250 ml beaker.
— Add 15 ml of alcoholic NaOH solution.

»

boiling water bath

|

Oil + alcoholic NaOH soap

©
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e Cover the beaker with a watch glass and heat on a boiling W.B.
— Stir the reaction mixture from time to time using a glass rod until
a semi-solid mass is formed.

— Put a small amount of this mass in a test tube containing about 5
ml of water and shake well; a froth is obtained indicating the
presenceof soap.

— In another test tube, prepare a soap solution by dissolving a
small amount of the formed soap in water. Add few drops of CaCl,
or MgSO;, to this solution and shake well; note the formation of
insoluble Ca or Mg soaps without any froth. This explains why
soap is not effective in hard water which contains calcium and
magnesium;for soap to be effective, it must be soluble in water.

“+Ca > 2Ca+ ppt
2 RCOO™ + Ca?* (RCO0),C

3. Detection of cholesterol in food extracts:

—Salkowski test: to 2 ml of the provided chloroformic extract of
canned food, add an equal volume of concentrated sulfuric acid; a
yellow to brick-red color is formed indicating the presence of
cholesterol.

—Liebermann-Burchard test: add 10 drops of acetic anhydride and 2
drops of concentrated sulfuric acid to 2 ml chloroformic extract of
canned food; a bluish-green color is formed indicating the presence of
cholesterol.

N.B. Colors are due to sulfonation, acetylation and rearrangementin
cholesterol molecule.

4. Detection of cholesterol in a lipid mixture by thin layer

chromatoqgraphy:

Thin layer chromatography (TLC) is based on the separation of a

mixture of compounds as they migrate (with the help of a solvent
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system) through a thin layer of adsorbent material. When using a non-
polar solvent system, polar compounds are held back by the

adsorbent while non-polar compounds advance further.

— With your pencil, draw a line about 1 cm from the ottom edge of a
silica gel chromatography sheet.

— On this line, apply 2 spots: the first for the lipid mixture and the
second for cholesterol as a reference. N.B. mark with your pencil “M”
for the mixture and “C” for cholesterol.

— Put the TLC sheet vertically in a beaker containing 10 ml of a non-
polar solvent system composed of petroleum ether : diethylether :
glacial acetic acid (70:30:1).

— Cover the beaker immediately with aluminum foil.

— Allow the solvent to rise to the appropriate level (about 1 cm from
the upper end of the sheet).

— Remove the TLC sheet from the beaker and immediately draw a
line with your pencil at the front line (level reached by the solvent).

— Allow the solvent to evaporate and place the TLC sheet vertically in

another beaker containing few crystals of iodine; cover the beaker
with a watch glass, iodine will sublime and colorize the lipid spots
with a yellow color.

Gs)
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— Remove the TLC sheet and encircle spots with a pencil.
— Record the Rf value for each spot.

Distance traveled by the spot

Distance traveled hv the solvent

— Note that if the lipid mixture contains cholesterol, a spot
with thesame Rf value of reference cholesterol is obtained.

— Comment on the polarity of compounds in the separated spot



Prof Dr.Nawras Abdelah Alwan Practical Biochemistry

Laboratory exercise

Student Name: ......ooovviiiiiiiiiinn
Student number: ...............

1. Test for solubility of lipids in polar and non-polar solvents:
Theprovided lipid is soluble in

2. Saponification of oils:
What is the chemical nature of soap ?

3. Detection of cholesterol in food extract:
Salkowski test:

.........................................................

4. Detection of cholesterol in a lipid mixture by TLC:
Rf value of cholesterol spot =

......................................................

Does the mixture contain cholesterol ? ..........cooeeeeeeeeiiii....
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Chemistry of enzymes

Enzymes are proteins that act as catalysts for biological
reactions. Enzymes, like all catalysts, speed up reactions without
being used up themselves. They do this by lowering the activation
energy of a reaction. All biochemical reactions are catalyzed by
enzymes. Since enzymes are proteins, they can be denatured in a
variety of ways, so they are most active under mild conditions.
Most enzymes have optimum activity at a neutral pH and at body
temperature.

Enzymes are also very specific — they only act on one substrate
or one class of related substrate molecules. The reason for this is
that the active site of the enzyme is complementary to the shape
and polarity of the substrate. Typically, only one kind of substrate
will “fit” into the active site.

In this experiment, we will work with the enzyme amylase.
This enzyme is responsible for hydrolyzing starch. In the presence
of amylase, a sample of starch will be hydrolyzed to shorter
polysaccharides, dextrins, maltose, and glucose. The extent of the
hydrolysis depends on how long it is allowed to react — if the
starch is hydrolyzed completely, the resulting product is glucose.

You will test for the presence or absence of starch in the
solutions using iodine (I,). lodine forms a blue to black complex
with starch, but does not react with glucose. If iodine is added to a
glucose solution, the only color seen is the red or yellow color of