Oroteing and Water

PROTEINS

Proteing are an extremely important clase of macromoleculeg in living organisme. More than 50% of the dry magg
of most cellg ig protein. Proteing have many important functiong, for ingtance:
+ all enzymeg are proteing;
+ proteing are eggential components of cell membranes - their functions in membranes, such ag receptor proteing
and signalling proteing,
come hormoneg are proteing - for example, ineulin and glucagon;
the oxygen-carrying pigments haemoglobin and myoglobin are proteing; o antibodies, which attack and degtroy
invading microorganigmg, are proteing;
+ collagen, another protein, adds gtrength to many animal tigsueg, such ag bone and the walls of arterieg;
+ hair, naile and the surface layers of ekin contain the protein keratin;
+ actin and myogin are the proteing regpongible for mugcle contraction;
* proteing may be storage producte - for example, cagein in milk and ovalbumin in egg white.
Degpite their tremendoug range of functiong, all proteing are made from the came bagic monomers. Thege are amino
acids. Proteing are macromolecules made from one or more chaing of amino acids known ag polypeptides.
Polypeptides are unbranched molecules compoged of approximately ten or more amino acids linked together by
peptide bonds. Haemoglobin is a protein consisting of 574 amino acids; and the ingulin hormone congiste of 5
amino acids.

Structure of an amino acid
Amino acidg are molecules uged to build proteing. All amino acids have a central carbon atom surrounded by a
hydrogen atom, a carboxy! group (COOHY), an amino group (NH2) and an R-group. [t is the R-group or ide chain
that differg between the 20 amino acidg.
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Celle uge 20 different types of amino acide to make
different proteing.

The formation of a peptide bond

A peptide bond is a chemical bond formed between two amino acid

molecules when the carboxy! group of one molecule reacte with the " Mod C//O ‘“'\N _d _C//O
amino group of the other molecule. An H from the amino group A g New
combineg with an OH from the carboxyl group, forming and |

eliminating a molecule of water (H,0) during a condengation N Ff ﬁ ! T\ ,°
reaction. Amino acide are joined by peptide bonds. Thege bonds link A C@: N e oH

the C of the carboxyl group of one amino acid to the N of the amino S AN

group of the other.

A dipeptide (di = 2) is a short protein congigting of only two amino acids linked by one peptide bond.
Plece

A tripeptide (tri = 3) ia a short protein congigting of three amino acids joined by two peptide bonde.
An oligopeptide (oligo = few) ie a chort protein congisting of lese than ten amino acide.

A polypeptide (poly = many) ie a protein chain of more than ten amino acids.

A protein ig a long chain having fifty or more amino acids.



The breakage of a peptide bond

_CT_ ﬁ_ i‘-f_ﬁ-z-f Proteing and polypeptides can be broken down into amino acids by
l _— “on breaking the peptide bonds. Thig ig a hydrolysia reaction involving the
addition of water and catalysation of enzymes.
I nooN o Thig happeng naturally in the stomach and emall intestine during
C—N- E _C\on + H:N-i" 0\/0“ digestion where proteing are broken down into amino acids for

abgorption.

ORGANISATION OF PROTEIN STRUCTURE

There are four levels of protein structure: primary, secondary, tertiary and quaternary. [t i¢ helpful to undergtand the
nature and function of each level of protein structure, to fully understand how a protein worke.

Secondary structure i¢ the structure of a protein
molecule resulting from the regular coiling or folding of
the chain of amino acidg, e.g. an ahelix or B-pleated

Primary etructure ie the gequence of amino
acids in a polypeptide or protein.

gheet.
Tertiary structure i¢ the compact etructure of a protein
molecule regulting from the three-dimengional coiling of Quaternary structure i the three-dimengional
the already-folded chain of amino acids. arrangement of two or more polypeptideg, or of a

polypeptide and a non-protein component guch ag haem,
in a protein molecule.

+ Each polypeptide chain shows the primary structure, which ig a long linear chain of amino acidg in gpecific
sequence (order) and number (quantity). The number and sequence of amino acide are determined by the gene in
the ONIA that codes for a gpecific polypeptide. A polypeptide or protein molecule may contain geveral hundred
amino acids linked into a long chain. The amino acids are held by peptide bondg that are made during the process
of proteingynthegia.

There ig an enormoug number of different posgible primary structureg. Even a change in one amino acid in a
chain made up of thousands may completely alter the properties of the polypeptide-or protein.



+ Each primary structure formg a gecondary structure immediately after formation at the ribosome. The different
amino acidg cauge folding or twisting of the chain in varioug ways. it can coil into a corkecrew shape called an
alpha helix (a-helix) where the polypeptide forme a right-handed helix. The beta-pleated cheet (B -pleated sheet) ig
where the polypeptide folde back and forth to fold into a flat sheet. Thege shapes are permanent and are held and
atabiliged by hydrogen bonds. Thege interactions are between the R-groups of amino acide. Hydrogen bonds,
although etrong enough to hold the a-helix and | -pleated sheet atructureg in ehape, are eaily broken by high
temperatures and pH changes. Ag you will gee, thie hag important congequences for living organigme.

» The secondary structure formg the tertiary structure, because the secondary structure foldg further into a
unique complex 3D shape. Some proteing take up a tertiary structure in the form of a long, much-coiled chain
and are called fibrous proteing, e.g. collagen. Other proteing take up a tertiary structure that is more gpherical and
are called globular proteing, e.g. enzymes. Thig etructure i stabiliced by ionic and di bondg and hydrogen
interactiong.

» Many protein moleculeg are made up of two or more polypeptide chaing. The quaternary structure of proteing
thug ariges when two or more polypeptides or proteing aseociate together to form a complex, biologically active
protein molecule. Thege polypeptides can be identical or different. The chaing are held together by the same four
types of bonds ag in the tertiary structure. Haemoglobin is an example of thig, having four polypeptide chaing in
each molecule. More details of haemoglobin are discuaged later.
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BONDS THAT STABILISE PROTEIN STRUCTURE (HYDROGEN, IONIC, DISULFIDE AND HYDROPHOBIC
INTERACTIONS)

There are four bondg that stabilige polypeptides and proteins.

* Hydrogen bonds form between polar groups, such ag the dipolar -OH and -CO groups on either side of the
-C-N- bond. A hydrogen atom ig shared by two other atome. Hydrogen bondg are weak, but are common to help
gtabilige protein structure.

- Disulfide bonds form between the eulfur-containing

R-groups (of eysteine regidueg). [t ig a etrong covalent bond formed by oxidation of -SH groups of two cysteine
gide-chaing.

- lonic bonds form between ioniced amino (-NH) and carboxyl (-COO-) groupe of R-groups. Thie may often be
broken by changing the pH.

+ Hydrophobic interactiong and Van der Waale forces (bondg) form between non-polar R-groupe. It ig the clugtering
of hydrophobic groupe away from water. Thege come into play when two or more atoms are very cloge (0.3 -
O.4m apart).
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GLOBULAR AND FIBROUS PROTEINS

Some proteing take up a tertiary structure in the form of a long, much-coiled chain and are called fibroug proteing, e.q.
collagen. Fibroug proteing are ingoluble in water and have simple shapes, guch ag a helix. They are structural proteing.
Other proteing take up a tertiary structure that is more gpherical and are called globular proteing, e.g. haemoglobin and
enzymes. Globular proteing are goluble in water and are folded into complex 30 shapes. They are metabolic proteing
becauge they carry out a range of functiong that contribute to the metaboligm of organisme.

Globular protein: Fibroug protein:
[t ie & metabolic protein that ie coluble in [t is a structural protein that ig ingoluble in
water and hag a gpherical or near-gpherical water and hag a chain-like ehape, e.q.
ghape, .. haemoglobin and enzymes. collagen and keratin.

The molecular structure and function of haemoglobin (globular protein)

Haemoglobin i¢ a conjugated protein with a quaternary structure.

Each haemoglobin molecule is compoged of four polypeptide chaing - two a-globing (a-chaing / alpha chaine) and
two -globing (B-chaing / beta chaing). Each polypeptide hag a tertiary structure consiating of g-helices.only. There ie
aham group in the centre of each polypeptide. Each ham group hag a central atom of ferroug iron (Fe™).



B-chain aenain  Haemoglobin ig a protein in your red blood
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Each haem group can form a temporary bond with an oxygen molecule, which loogely combines with the iron. The
addition of each molecule of oxygen causes a change in the ghape of haemoglobin, which makes it eagier to accept
the next oxygen molecule. Thig changing of the shape caugeg the molecule to expose the ham groups so they can
aceept oxygen.

Haem ig an example of a prosthetic group - a part of a protein molecule that is not made of amino acids.
A protein with a progthetic group is called a conjugated protein.

Diagrame of haemoglobin in red blood cells can make students think that each RBC containg only one haemoglobin

molecule, but it is estimated that each RBC hag 280 million of them! One haemoglobin carries < oxygen molecules
(Hb + 402= HbOx). One red blood cell can thug carry [ 120 OO0 OO0 molecules of oxygen!
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The molecular etructure of collagen (fibroug protein)

Collagen ic a fibroug protein, the most abundant gtructural protein found in animalg, making up 25% of the total
protein in mammalg. [ ie an ingoluble fibroug protein found in ekin (leather ie pregerved collagen), tendong, cartilage,
bones, teeth and the wallg of blood vesgels. Skin i¢ largely compoged of collagen.

Chemically, a collagen molecule consists of three identical polypeptide chaing, each about | OO0 amino acid regidues
long, wound together ag a triple left-handed helix. (Under a microscope a collagen fibril looks like a twisted rope. Each
polypeptide chain hag a secondary structure in the form of an alpha helix: Every third amino acid ig glycine. Glycine
hag the emallest R-group (-H) g0 it does not take up much gpace and allows cloge packing. This meang the helices
can be wound tightly together and form many hydrogen bonds betuween them.

Many triple heliceg (collagen molecules) are joined together by covalent bonds to form collagen fibrils, which group
together to form collagen fireg. The ends of triple helices do not coincide (do not occupy the game place) within each
fibril g0 there are no lines of weaknese where the fibre may break. Collagen then bindg with other components to
enormougly increage it strength, e.g. in healthy bone, it combines with a mineral to form calcium phogphate. This
makeg collagen auitable for structureg such ag tendong, which connect muscleg to bone, becauge it hag high tengile
atrength and regists pulling forces.
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THE (MPORTANCE OF [RON (N THE HAEMOGLOBIN MOLECULE

Iron is an eggential element for blood production. About 7O percent of your body's iron ig found in the red blood
cells of your-blood, called haemoglobin, and in muscle cells, called myoglobin. Haemoglobin ig eggential for
trangferring oxygen in your blood from the lungs to the tiseues. Myoglobin in mugcle cells accepts, storeg,
trangporte and releages oxygen.

Each polypeptide chain of haemoglobin containg a ham group. Each haem group containg an iron atom. One oxygen
molecule, Oz can bind loogely with each iron atom. So, a complete haemoglobin molecule, with four ham groupg, can
carry four oxygen molecules (eight oxygen atome) at a time. The addition of each molecule of oxygen with each iron
atom cauges a change in the shape of haemoglobin which makes it eagier to accept the next oxygen molecule. Thig
changing of the shape causeg the molecule to expose the ham groups so they can accept oxygen. The binding of
one molecule of oxygen makeg it eagier to bind to another, and once the gecond oxygen molecule binds, it makes it
eagier to bind the third and go on.

It ig the ham group which ig regpongible for the colour of haemoglobin. This colour changes depending on whether
or not the iron atomg are combined with oxygen. [f they are, the molecule is known ag oxyhemoglobin and ig bright
red. [f not, the colour is purplich.



BIURET TEST: TEST FOR PROTEINS

Background information

The biuret test i a simple test that can detect protein in food and biological specimeng.You can do it easily in the
claggroom. The biuret reagent, which ig blue, congiste of a golution of potasgium or sodium hydroxide and copper
culfate. [t detecte peptide bondg in proteing. All proteing have peptide bonds, containing nitrogen atome. Thege form
a purple complex with copper ( 1) iong and thig forme the bagie of the biuret tet.

The reagent uged for thig test ig called biuret reagent. You can uge it ag two separate golutions: a dilute golution of
potagsium hydroxide or sodium hydroxide, and a dilute solution of copper(ll) eulfate. Alternatively, you can use a
ready-made buret reagent that containg both the copper(ll) sulfate solution and the hydroxide already mixed.

Procedure to test for proteing

* If neceseary, crush the food to be tested (like cheese liquidised with digtilled water), or uge liquid foods like milk or
eqq white and place it in a test tube.

+ Mix equal amounte of biuret agent A (1% copper eulfate - Cuga) and buret agent B (1% potagsium hydroxide /
godium hydroxide - NaOH) by shaking the tube gently from side to gide, or gimply uge a ready-made biuret reagent.
* Drop Sent blue biuret golution in the tegt tube with the food to be tested.

» Mix with a little dictilled water.

+ Shake gently and allow the mixture to stand for a few minuteg. (There ig no need for heating).

- If a purple (mauve, lilac or violet) colour appears, protein ie pregent. Thig purple colour forme because there are
peptide bonds. The colour developg elowly over geveral minutes.

)




WATER

About 80% of the body of an organiem is water. Water hag unusual properties compared with other subgtances,
becauge of the structure of ite molecules.

There are hydrogen bondg between water molecules. The oxygen atom of water can be degeribed ag slightly
negative, while the hydrogen atom ig glightly pogitive. A water molecule ig thug dipolar.

The partial chargeg are indicated by §(delta): §-on the oxygen and. §'on the hydrogen.

There ig an attraction between the §-and §*parte of neighbouring water molecules. A hydrogen bond formg
between the glightly positive and glightly negative charge. Each hydrogen bond can eagily be broken becauge it ie
very weak. Each water molecule can form hydrogen bonds with up to four other water molecules. In bodieg of water,
hydrogen bondg break and reform all the time.
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An ion i an atom or molecule or chemical group that
hag logt or gained one or more electrong and ig either
negatively or positively charged.

Ag water moleculeg are polar, they interact and are a good golvent for other polar molecules and iong. The hydrogen
bondg between water molecules give them cohegion, which reults in the properties that are important within
organisme and cellg, e.. solvent action, gpecific heat capacity and latent heat of vapourigation.



Properties of water relating to ite roleg in living organismg

Qolvent action of water

Water i an excellent golvent for iong and polar molecules (molecules with an uneven charge distribution, euch ag
augare and glycerol), becauge the water molecules are attracted to the iong and polar molecules and therefore collect
around and geparate them. Thig is what happens when a chemical disgolves in water. Once a chemical ig in golution, it
i¢ free to move about and react with other chemicale. Mogt processes in living organiem take place in golution in this
way.

By contragt, non-polar molecules such ag lipids are ingoluble in water and, if eurrounded by water, tend to be pughed
together by the water, gince the water molecules are attracted to each other.

Thig ig important, for example, in hydrophobic interactiong in protein structure and in membrane structure and it
increages the stability of thege etructures.

Water acts ag a golvent within celle. [t aleo acte ag a golvent in trangport media, e.q. blood plagma and lymph in
animalg, and in phloem and xylem in plants. Water ig algo a golvent for excretory wasteg in urine.

The dipoles on water molecules make water-an excellent solvent. Any substance that hag fairly small moleculeg with
chargeg on them, or that can separate into iong, can disgolve in water.

Becauge water ig a good olvent, it helpg to trangport eubstances around the bodieg of organigms.

For example, the blood plasma of mammale is mogtly water and carries many eubstances in solution, including
glucoge, oxygen and iong such ag sodium. Water algo acte ag a medium in which metabolic reactions can take place,
ag the reactants are able to diggolve in it. Water ig the trangport medium in the blood, in the lymphatic, excretory and
digestive eystemg of animalg, and in the vagcular tissues of plante. Here, again, ite solvent propertieg are esgential



Water hag a high specific heat capacity

High epecific heat capacity:
The heat-capacity of a substance i¢ the amount of heat required to raige ite
temperature by a given amount. The gpecific heat capacity of water ig the
amount of heat energy required to raige the temperature of | kg of water by [°C.

Specific heat capacity i the amount of heat energy that hag 1o be added to a given masg of a substance to raise
ite temperature by [°C. Temperature ig related to the kinetic energy of the molecules - the higher their kinetic energy,
the higher the temperature. A lot of heat energy hag to be added to water to raige its temperature, because much of
the heat energy ig used to break the hydrogen bondg betuieen water molecules, not just to increage their speed of
movement. Water hag a relatively high heat capacity. In order for the temperature of a liquid to be raiged, the
molecules must gain energy and congequently move about more rapidly.

The hydrogen bondg that tend to make water moleculeg stick to each other make it more difficult for the molecules
to move about freely; the bonds mugt be broken to allow free movement. Thig explaing why more energy ie needed
to raige the temperature of water than would be the cage if there were no hydrogen bondg. Water hag the highest
gpecific heat capacity of any liquid. The high heat capacity of water hag important biological implicationg, becauge it
makes water more regigtant to changes in temperature.

+ Thig meang that large bodieg of water, such ag oceang, lakeg, or large dams do not change their temperature ag
easily ag air doeg. [t meang that large bodieg of water are slow to change temperature ag environmental
temperature changes. Ag a reault, they provide more stable habitats for aquatic organisme, becauge the
temperature of the water wil relatively stay the same day and night.

+ [t aleo meang that the bodies of organiemg, which contain large amounts of water, do not change temperature
eagily. Becauge of thie property of water, it limite the fluctuationg in the temperature of organieme. Thie meang
that the temperature within celle and within the bodieg of organieme (which have a high proportion of water)
tends to be more congtant than that of the air around them. Biochemical reactiong therefore operate at relatively
congtant rateg and are lesg likely to be adversely affected by extremes of temperature.



Water hag a high latent heat of vapourigation (evaporation)

Latent heat of vapourigation:
[t is a meagure of the heat energy needed 1o vaporige a liquid (cauge it to evaporate),
changing it from a liquid 1o a gag. [n the cage of water, it involves the change from
liquid water to water vapour.

When a liquid is heated, ite molecules gain kinetic energy, moving faster. Thoge molecules with the mogt energy are
able to escape from the surface and fly off into the air. A great deal of heat energy hag to be added to water
moleculeg before they can do thig, becauge the hydrogen bondg between them have to be broken. When water
evaporateg, it therefore abgorbs a lot of heat from it eurroundings.

Water hag a relatively high latent heat of vapourigation. Thig ig a congequence of itg high heat capacity. The fact that
water molecules tend to gtick to each other by hydrogen bonds meang that relatively large amounts of energy are
needed for vapourigation to oceur, because hydrogen bonds have to be broken before molecules can escape ag a gas.
The energy trangferred to water molecules during vapourigation results in a corregponding loge of energy from their
aurroundingg, which therefore cool down. A large amount of heat energy can be lost for relatively little lose of water,
reducing the rigk of dehydration.

Thig ig biologically important, becauge it meang that living organigme can uge evaporation ag a cooling mechanigm,
ag in sweating or panting in mammalg. Water lose from organisme meang cooling - animale sweat and evaporation
of water in sweat from the skin cauge cooling. Plants loge water during evaporation from mesophyll cell walle and
during trangpiration out of stomata, which cauge cooling of leaves. Trangpiration from plant leaves ig important in
keeping them cool in hot climates. The reverge ig true when water changeg from liquid to golid ice. Thig time the
water moleculeg mugt loge a relatively large amount of enerqy, making it legg likely that the water will freeze. Thig ig
an advantage for aquatic organigmg and makeg it less likely that their bodies will freeze.



